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jugated Polymers Bearing Photoresponsive and Chiral Moieties in Side Chains:
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Quenching of Circularly Polarized Fluorescence”, Adv. Func. Mater., 20, 1243
(2010).
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Field”, Macromolecules, 42, 1817 (2009).
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The central theme of research of our group is “simulation of complex systems”, with a special
emphasis on theories of chemical reactions. The goals of the research of this group are 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. 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) until March 2012. With ten to twelve postdoctoral fellows (both Fukui
fellows and JST fellows) and other staff as well as in collaboration with my group at Emory University and
the group of Prof. Stephan Irle of Nagoya University, we have a strong team of theoretical/computational
chemists working together toward a common goal.

I. Simulation of Biomolecular Systems. In the last few years we have explicitly included the effects
of protein employing the ONIOM QM/MM scheme. We optimized the structures of intermediates and
transition states of enzymatic reactions, and in some cases included the statistical effects of protein by
QM/MM molecular dynamics, In a few examples we have found that the protein effects completely
changed the mechanism of reaction, compared to the active-site models. We also perform direct dynamics
calculations using QM and QM/MM methods to study the primary events of photochemical processes of
biomolecular chromophore. We recently expanded our theoretical studies of catalytic reactions that take
place in the nano cavity created by the protein.

I1. Simulation of Nanomaterials. We continued our research efforts on quantum chemical molecular
dynamics (QM/MD) computations of carbon and other nanostructure formation based on density
functional tight binding (DFTB). Single-walled carbon nanotubes (SWNTs) have been one of
representative nanotechnology materials and their various potential applications. Although SWNTs are
known to be efficiently synthesized using metal catalyst, its growth mechanism is still not well understood.
In order to understand interplay among feedstock carbon, nanotube, and metal, we have implemented
growth simulations of metal-catalyzed SWNT using DFTB MD simulations. Previously we succeeded in
simulating continued growth SWNT on Fe cluster in our simulation studies. Since then we have
successfully simulated SWNT growth from scratch (without seed SWNT) under a variety of conditions
and our understanding of the growth process has given insight to its mechanism which has not been seen
previously from either experimental or theoretical studies.

II1. Method Development. Several method development projects are also in progress.
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1) GBI 5T kB

A B E Rhodobacter sphaeroides 1 2 D SUGS H00 T U A FeBREN 7 1 b LD AL R L CHFE A2 AT o 72, 2D ¥
DATEE, ZHONFIC LS THEIND OB T L Moy e N ORESBEIKEZE LI LEICLD,
secondary ubiquinone(QB) % IETT T 5, BT SNZF / (QBH)II G HF L/ HTEEEL . F b7 1 AbclEAETRRIL S,
BEDORHANZ 7 1 b &S5, ZO—EORIRIZ L o TRICxT 2 7 8 b REQENE U D, AW, Einlks
BTETQB~D 7 b U BERBROFEMA A D =X LEWLNICTHHOTH D, /B E (MDIE) ZHVWCH
ML ¥ —FHE L 7 e N OBEBIREOERZITV., £z, N7V v NUOE—FES T8 )75 E (QMMMIE) %
FANWTHET v N BEREIC 72N T vy VRN 21T 272, QB-B D7 1 b 22 ITWAEAORE (B8
FREED ICBWT, 71 AL LAEG-L212 & Asp-L2103 7' v > RF—TH 5 HE2/R LT, Glu-L212/vb07 1 kv
BRI (F1E 1) 1ZQB- & Glu-L2 12O LEIR B —DKFFEE TH D Z & Asp-L2102> b O EFERE = N BBk (1%
B 2) 1T NDKGFEN LIZAKBRBREASR Y NI =710 > TR EN DI H/R 8% MDIC L D RZECTH LM LT,
BRI 1 OBTBHRIEO T2 F O BEIRT Y v LH A2 QM/MMIE R & & G CRENT L, #2113 B 78 L im o
TN LT e F R TH D L R 2 T, X T ENEOKG T OBE D XIEENC L o TKEFBER Y hT—
IR BEDY . o NIRRT AR & IR A R R D L AR AR LT, R 2 218 5 Asp-L2107> HQBH-~D 7 11
kU BENIRT v VI AT LT AE R, OB LT R = L HEE SN D UED X A LA —)VIFFTIRERIC X
5QBH-O7 1 M AURIED Z A DA —)v & —F LTz, £z, 71 b AL L7z Asp-L210 & K T OV EAER DG |
BUTHE L7 BR MR LI B E 7= hydronium A 22 BFTET D ERIB S 7,

(2) Photoactive Yellow Protein (PYP)D YK )IeH 1 27 )V DWFSE
FLAYEERHIE O photoactive yellow protein (PYP) X
HOYE P —L2EZLNTEY, p-7 v /VEEE AL
STHENRZWILL, VA 7 V21T5, ZOPYP ONYA
7 VBFETIE, JEWRIIC X 53O trans-cis EMEALITHE
W, Gludb 2B REH~D 71 U BEIRE, SHICN K
UEAEIEK & FDOFEDT T+ —V RN Z 5, ARWFZEIZEB
po— T, 207w b BERIGICH S KEREAEOBEELO
Ay wi gy T ERHIEERE 2B O s T A BRI 21T - 12,

r?*

g

AE  keal-mol

(c)T1 Asp-L213 d) I
5

B g

i r £ 97, QM/MM 7% (Quantum Mechanics & Molecular Mechanics
}M_, EHAA DY B TIRERRE) L HH RV — Bk A
2 w3 HAnra s U BEIRSICHE Y A= RV -2 (ba 55 L,

e DTBAEMFELET LT LIEERMNTT T b BB

JREARET D & O REE R L A RTE L, TORE, a b

VBNV KEOKRY TREAEICERYIAEN, T =4

{E L7z Glude ZKkFn LZET 5 Z & ¢, 7 a b BEIG

FEZIVRLT LTS Z L, £7- Metl00 25 Te 2 — R0 G6ludb 2 Ete~Y v 7 ADMEEbNFRENTWDL Z LA

EEBHLMI LT, Bl PYPOXH A 7V TRIZD-L Y E LT a b BEIKIG, £ OKFKRE~OTROMEIFENE
WX, Z VT ENERASDKOEY AR & Z U D B AEESEC/KFEEOZCERT 5 Z 2L Lz,

IO X oI a N UBEIRGICH O TN RiRER O T 7
IV REED X LR ERCIE D KIRR G203 5k
SUBOEKRENT TEZ 228, ZOMEEZALMNITD
7291 Steered MD FFELZ4TVN, N RUSGEE N T > 7 4 —/V K
T5HZ LI K5 TGlude & N RumfEIRDOMIZdH D b-3— h A
WP ARZENT D 2 & KO Gludb ORI TR 5T
WHZEEHLMNI L, 7 u b BERICEZ D N RKiE
B OREZAIZT =4 Ak L7z Glud6 735] & DUF 72K F 78
b= — R EERSIICE L, T2 L > Th-v— k& N RiE
MOMOMEMERNEL S, RIS N RGBS~ — & &
— "BV BEESNCREZEN, T 74—V FTHE0)
HMEThrZ LER LT, 7800 PYP O A 7 VoL
WRDHBAT v T OB EMRBI L, X X7 O EBICAFE A large N-terminal
T 2K T OEE, AILREFOERENRICE > CTHESh fluctuation is induced
570 b BENGEIES N RIEERO 7 > 7 4 —/L RIZR
5. KRS FREE) - KFEIE DO Z L OFE, 2B 5T L=,
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Lung WaChung (A b Hoh)
FIFC Fellow

Fukui Kennichi Memorial Research Group 1, Fukui Institute For Fundamental
Chemistry

Room 212

075-711-7631

chung@fukui.kyoto-u.ac.jp

Computational Chemistry

Metalloenzymes, photobiology, multi-scale simulations

Reaction mechanism of metalloenzymes and photobiologies

Aug. 2000, B.Sc. in Chemistry (1% Hon.), The Hong Kong University of Science
& Technology;

Aug. 2003, M. Phil. in Chemistry, The Hong Kong University of Science &
Technology;

Aug. 2006, Ph. D. in Chemistry, The Hong Kong University of Science &
Technology

Ph. D. in chemistry, The Hong Kong University of Science & Technology

1. A. Chung, L. W,; Li, X.; Sugimoto, H.; Shiro, Y.; Morokuma, K. “A DFT
Study on a Missing Piece in Understanding of Heme Chemistry: The Reaction
Mechanism for Indoleamine 2,3-Dioxygenase (IDO) and Tryptophan 2,3-Di-
oxygenase (TDO)”, J. Am. Chem. Soc. 2008, 130, 12298.

2. Chung, L. W.; Hayashi, S.; Lundberg, M.; Nakatsu, T.; Kato, H.; Morokuma,
K. “Mechanism of Efficient Firefly Bioluminescence via Adiabatic Transition
State and Seam of Sloped Conical Intersection”, J. Am. Chem. Soc. (Communi-
cation) 2008, 130, 12880.

3. 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 En-
zymatic Catalysis” Morokuma, K.; Musaev, D. G. Eds. WILEY-VCH Verlag
GmbH & Co. KGaA, Weinheim, 2008, pp285-316.

4. Li. X.; Chung, L. W.; Paneth, P.; Morokuma, K. “DFT and
ONIOM(DFT:MM) Studies on Co-C Bond Cleavage and Hydrogen Transfer
in B12-Dependent Methylmalonyl-CoA Mutase. Stepwise or Concerted Mecha-
nism?”, J. Am. Chem. Soc. 2009, 131, 5115.

5. Li. X.; Chung, L. W.; Mizuno, H.; Miyawaki, A.; Morokuma, K. “A Theoreti-
cal Study on the Natures of On- and Off-States of Reversibly Photoswitching
Fluorescent Protein Dronpa: Absorption, Emission, Protonation and Raman’, J.
Phys. Chem. B 2010, 114, 1114

6. Chung, L. W.; Li, X.; Morokuma, K. “Modeling Enzymatic Reactions in Met-
alloenzymes and Photobiology by Quantum Mechanics (QM) and Quantum
Mechanics/Molecular Mechanics (QM/MM) Calculations,” In “Quantum Bio-
chemistry” Matta, C. Eds. WILEY-VCH Verlag GmbH & Co. KGaA, Wein-
heim, 2010, pp85-130.

7. Noda, S.; Nakamura, A.; Kochi, T.; Chung, L. W.; Morokuma, K.; Nozaki, K.
“Mechanistic Studies on the Formation of Linear Polyethylene Chain Cata-
lyzed by Palladium Phosphine-Sulfonate Complexes: Experiment and Theoreti-
cal Studies”, J. Am. Chem. Soc. 2009, 131, 14088

8. Li, X.; Chung, L. W.; Morokuma, K. “Modeling Photobiology Using Quantum
Mechanics (QM) and Quantum Mechanics/Molecular Mechanics (QM/MM)
Calculations,” In “Computational Methods for Large systems: Electronic Struc-
ture Approaches for Biotechnology and Nanotechnology” Reimers, J. R. Eds.
Wiley, 2010, pp342-373.

9. Chung, L. W.; Li, X.; Sugimoto, H.; Shiro, Y.; Morokuma, K. “ONIOM Study
on a Missing Piece in Our Understanding of Heme Chemistry: Bacterial Tryp-
tophan 2,3-Dioxygenase (TDO)”, J. Am. Chem. Soc. 2010, 132, 11993
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Biswajit Saha (MU & &)

FIFC Fellow

Morokuma Group, Fukui Institute for Fundamental Chemistry
Room 203

075-711-7834

075-781-4757

saha@fukui.kyoto-u.ac.jp

http://www.fukui.kyoto-u.ac.jp/ saha

Computational Chemistry

Molecular dynamics (MD) simulations and electronic structure calculations of
nano-materials

Fullerene, nano-tube, metallofullerene, polycyclic aromatic hydrocarbon, DFTB

November 1998, Master of Science (M. Sc.), Calcutta University, India
December 2003, Doctor of Science (Ph. D.), Indian Association for the
Cultivation of Science (IACS), Jadavpur University, India

Ph. D. (Science)

December 2003, Postdoctoral fellow, University of Kassel, Germany
September 2004, JSPS postdoctoral fellow, Kyoto University, Japan
November 2006, Postdoctoral fellow, FIFC, Kyoto University, Japan

Life member, IACS, India
Member, American Chemical Society

1. B. Saha, S. Irle, K. Morokuma, “Formation mechanism of polycyclic aromatic

hydrocarbons (PAHs) in benzene combustion: Quantum chemical molecular
dynamics simulations” ,J. Chem. Phys. 132, 224303(2010)

. B. Saha, S. Shindo, S. Irle, K. Morokuma, “Quantum chemical molecular dy-

namics (QM/MD) simulations of fullerene from benzene” , ACS Nano 3, 2241
(2009)

.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)

. 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)

. B. Saha, M. Ehara, H. Nakatsuji, “Singly and doubly excited states of butadi-

ene, acrolein and glyoxal: geometries and electronic spectra” , J. Chem. Phys.
124, 014316 (2006)

JSPS postdoctoral fellowship, 2004-2006
Research fellowship, IACS, India, 1999 - 2003
National scholarship, Indian Government, 1990-1995
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Hajime Hirao (JZU% UH )
FIFC Fellow

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

Room 212
075-711-7647
075-781-4757

hirao@fukui.kyoto-u.ac.jp

Computational bioinorganic chemistry, Metalloenzymes, Transition-metal
catalysts

Computational studies of bioinorganic systems

metalloenzymes, chemical reactions, electronic excited states, spectroscopy,
ONIOM, QM/MM, medicinal chemistry, molecular interactions

Mar. 1998 BSc, Department of Engineering, Kyoto University
Mar. 2000 MSc, Graduate School of Engineering, Kyoto University

Nov. 2004, PhD, The University of Tokyo

Jan. 2002-Dec. 2004 Lab associate at Tsukuba Research Institute, Novartis
Pharma K.K.

Jan. 2005-Mar. 2007 Postdoc at The Hebrew University of Jerusalem

Apr. 2007-Mar. 2009 JSPS Postdoctoral Fellow for Research Abroad (Hebrew
University/Emory University)

Apr. 2009- FIFC Fellow at Kyoto University

American Chemical Society; The Chemical Society of Japan; The Pharmaceutical
Society of Japan; Japan Society for Molecular Science; Chem-Bio Informatics
Society; Japan Society of Coordination Chemistry; Society of Computer

Chemistry, Japan; The Biophysical Society of Japan

1.H. Hirao, K. Morokuma, “What is the Real Nature of Ferrous Soybean

Lipoxygenase-1? A New Two-Conformation Model Based on Combined
ONIOM(DFT:MM) and Multireference Configuration Interaction Character-
ization,” J. Phys. Chem. Lett. 2010, 1, 901-906.

. H. Hirao, K. Morokuma, “Insights into the (Superoxo)Fe(III)Fe(III) In-

termediate and Reaction Mechanism of myo-Inositol Oxygenase: DFT and
ONIOM(DFT:MM) Study,” J. Am. Chem. Soc. 2009, 131, 17206-17214.

. O. Irie, T. Kosaka, T. Ehara, F. Yokokawa, T. Kanazawa, H. Hirao, A. Iwa-

saki, J. Sakaki, N. Teno, Y. Hitomi, G. Iwasaki, H. Fukaya, K. Nonomura, K.
Tanabe, S. Koizumi, N. Uchiyama, S. J. Bevan, M. Malcangio, C. Gentry, A. J.
Fox, M. Yaqoob, A. J. Culshaw, A. Hallett, “Discovery of Orally Bioavailable
Cathepsin S Inhibitors for the Reversal of Neuropathic Pain,” J. Med. Chem.
2008, 51, 5502-5505.

. S. Shaik, H. Hirao, D. Kumar, “Reactivity Patterns of High-Valent Iron Oxo

Species in Enzymes and Synthetic Reagents: A Tale of Many States,” Acc.
Chem. Res. 2007, 40, 532-542.

. H. Hirao, D. Kumar, L. Que, Jr., S. Shaik, “Two-State Reactivity in Alkane

Hydroxylation by Nonheme Iron-Oxo Complexes,” J. Am. Chem. Soc. 2006,
128, 8590-8606.

. H. Hirao, D. Kumar, W. Thiel, S. Shaik, “Two States and Two More in the

Mechanisms of Hydroxylation and Epoxidation by Cytochrome P450,” J. Am.
Chem. Soc. 2005, 127, 13007-13018.

Oct. 2006-Mar. 2007 Golda Meir Fellowship

Apr. 2007-Mar. 2009 JSPS Postdoctoral Fellowship for Research Abroad
Oct. 2009-Mar. 2011 Kyoto Univ. Startup Grant for Young Researchers
Mar. 2010 Kurata Grant
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Zhuofeng Ke
FIFC Fellow
Morokuma Group, Fukui Institute For Fundamental Chemistry
Room 207

075-711-7893

(bxr—5%5A <)

zhuofeng.ke@fukui.kyoto-u.ac.jp
Computational Chemistry
Rh-Catalyzed Polymerization of Phenylacetylene in Nano-Cavity of apo-Ferritin

Computational study of catalysis processes in organometallic systems and bio-
systems

2002 B.Sc. in Chemistry, Sun Yat-sen University,

2005 M.Sc. in Polymer Chemistry and Physics, Sun Yat-sen University

2007 Jointly Educating Ph.D. in computational organometallic chemistry,
University of North Texas,

2009 Ph.D. in Physical Chemistry (Theoretical and Computational Chemistry),
Sun Yat-sen University

Ph.D. in Physical Chemistry (Theoretical and Computational Chemistry), Sun
Yat-sen University

1. Zhuofeng Ke and Thomas R. Cundari* “Palladium-Catalyzed C-H Activation/C-N Bond Formation
Reactions: DFT Study of Reaction Mechanisms and Reactive Intermediates” Organometallics 2010, 29
(4), 821-834.

2. Guo, Z.; Xue, Jiadan; Ke, Zhuofeng; Phillips, D. L.*; Zhao, C.Y.* “Influence of Water Hydrogen
Bonding on the Reactions of Arylnitrenium Ions With Guanosine: Hydrogen-Bonding Effects Can Fa-
vor Reaction at the C8 Site” J. Phys. Chem. B, 2009, 113, 6528- 6532.

3. Foley, N. A,; Lee, J. P.; Ke, Zhuofeng; Gunnoe, T. B.*; and Cundari, T. R.* “Ru(II) Catalysts Support-
ed by Hydridotris(pyrazolyl)borate for the Hydroarylation of Olefins: Reaction Scope, Mechanistic
Studies, and Guides for the Development of Improved Catalysts” Acc. Chem. Res. 2009, 42, 585-597.

4. Lee, J. P,; Ke, Zhuofeng; Ramrez M. A.; Gunnoe, T. B.*; Cundari T. R.*; Boyle, P. D.; Petersen, J. L.
“Six-, Five-, and Four-Coordinate Ruthenium(II) Hydride Complexes Supported by N-Heterocyclic
Carbene Ligands: Synthesis, Characterization, Fundamental Reactivity, and Catalytic Hydrogenation
of Olefins, Aldehydes, and Ketones” Organometallics 2009, 28, 1758-1775

5. Liu, Yan; Ke, Zhuofeng; Cui, Jianfang; Chen, Wen-Hua; Ma, Lin; Wang Bo*. “Synthesis, Inhibitory
Activities and QSAR Study of Xanthone Derivatives as a-Glucosidase Inhibitors” Bioorg. Med. Chem.
2008, 16, 7185-7192.

6. Foley, Nicholas A.; Ke, Zhuofeng; Gunnoe, T. Brent*; Cundari, Thomas R.*; and Petersen, Jeffrey
L. “Aromatic C-H Activation and Catalytic Hydrophenylation of Ethylene by TpRu{P(OCH,),CEt}
(NCMe)Ph” Organometallics 2008, 27, 3007-3017.

7. Guo, Zhen; Ke, Zhuofeng; Phillips, David Lee*; Zhao, Cunyuan*. “Intrinsic Reaction Coordinate
Analysis of the Activation of CH4 by Molybdenum atoms: A Density Functional Theory Study of the
Crossing Seams of the Potential Energy Surfaces” Organometallics 2008, 27, 181-188.

8. Gao, Haiyang; Ke, Zhuofeng; Pei, Lixia; Song, Keming; Wu, Qing*. “Drastic ligand electronic effect
on anilidoeimino nickel catalysts toward ethylene polymerization” Polymer 2007, 48, 7249-7254.

9. Lin, Xufeng; Zhao, Cunyuan; Che, Chi-Ming*; Ke, Zhuofeng; Phillips, David Lee. “A DFT Study on
the Mechanism of Rh2ILII-Catalyzed Intramolecular Amidation of Carbamates” Chem. Asian J. 2007,
2,1101-1108

10.Ke, Zhuofeng; Zhou, Yubing; Gao, Hui; Zhao, Cunyuan*, Phillips, David Lee. “On the Mechanism
and Stereochemistry of Chiral Lithium Carbenoid Promoted Cyclopropanation Reactions” Chem. Eur.
J. 2007, 13, 6724-6731.

11.Fang, Ran; Ke, Zhuofeng; Shen, Yong; Zhao, Cunyuan*; Phillips, David Lee. “Concurrent Cyclopro-
panation by Carbenes and Carbanions? A Density Functional Theory Study on the Reaction Path-
ways” J. Org. Chem. 2007, 72, 5139-5145.

12.Ke, Zhuofeng; Zhao, Cunyuan*; Phillips, David Lee. “Methylene Transfer or Carbometalation? A
Theoretical Study to Determine the Mechanism of Lithium Carbenoid Promoted Cyclopropanation
Reactions in Aggregation and Solvation States.” J. Org. Chem. 2007, 72, 848-860.

13.Li, Zhao-Hui; Ke, Zhuofeng; Zhao, Cunyuan*; Geng, Zhi-Yuan; Wang, Yong-Cheng; Phillips, David
Lee*. “A Density Functional Theory Study of Aluminum Carbenoid (CH;),AICH,X (X = Cl, Br, I)
Promoted Cyclopropanation Reactions Compared to IMCH2I (M = Li, Sm, Zn) Carbenoids. “ Orga-
nometallics 2006, 25, 3735-3742.

14.Zhang, Junkai; Ke, Zhuofeng; Bao, Feng; Long, Jieming; Gao, Haiyang; Zhu, Fangming; Wu, Qing*.
“Ethylene polymerization and oligomerization catalyzed by bulky f -diketiminato Ni(II) and p -di-
imine Ni(II) complexes/methylaluminoxane systems.” J. Mol. Catal. A: Chem. 2006, 249, 31-39.

15.Ye, Guodong; Ke, Zhuofeng; Yang, Jianwen; Zhao, Tianyi; Zeng, Zhaohua*; Chen, Yonglie. “Low
VOC bifunctional photoinitiator based on a-hydroxyalkylphenone structure.” Polymer 2006, 47, 4603—
4612.

16.Zhou, Yu-Bing; Ke, Zhuo-Feng; Zhao, Cun-Yuan*. “A theoretical study on the mechanism of
ruthenium(II)-catalyzed reaction of organic azide with alkyne.” Acta Chimica Sinica 2006, 64, 2071—
2078.

Sun Yat-sen University Fellow 2009
State Scholarship Funds, China Scholarship Council (CSC) 2007
SSSAP Scholar, Univeristy of North Texas 2007
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American Physical Society, American Biophysical Society,

1. M. Lundberg, T. Kawatsu, T. Vreven, M. J. Frisch and K. Morokuma, “Transi-

tion states in the protein environment-ONIOM QM:MM modeling of isopeni-
cillin N synthesis,” J. Chem. Theory Comput. 2009, 5, 222-234.

. T. Kawatsu, V. Coropceanu, A. Ye, J.-L. Brédas, “A Quantum-Chemical Ap-

proach to Electronic Coupling: Application to Charge Separation and Charge
Recombination Pathways in a Model Molecular Donor-Acceptor System for
Organic Solar Cells,” J. Phys. Chem. C 2008, 112, 3429-3433.

. T. Kawatsu, D. N. Beratan, T. Kakitani, “Conformationally averaged score

functions for electronic propagation in proteins,” J. Phys. Chem. B 2006, 110,
5747.

. T. Kawatsu, D. N. Beratan, “Electron transfer between cofactors in protein do-

mains linked by a flexible tether,” Chem. Phys. 2006, 326, 259.

. S. S. Skourtis, I. A. Balabin, T. Kawatsu, D. N. Beratan, “Protein dynamics and

electron transfer: electronic decoherence and non-Condon effects,” Proc. Natl.
Acad. Sci. USA 2005, 102, 3552.

. H. Nishioka, A. Kimura, T. Yamato, T. Kawatsu, T. Kakitani, “Interference,

fluctuation and alternation of electron tunneling in protein media. 2. Non-Con-
don theory for the energy gap dependence of electron transfer rate,” J. Phys.
Chem. B 2005, 109, 15621.

. H. Nishioka, A. Kimura, T. Yamato, T. Kawatsu, T. Kakitani, “Interference,

fluctuation and alternation of electron tunneling in protein media. 1. Two tun-
neling routes in photosynthetic reaction center alternate due to thermal fluctua-
tion of protein conformation,” J. Phys. Chem. B 2005, 109, 1978
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1. Y. Okamoto, Spin Wave and Sound in High-Field Phase of Solid Helium-3, J.
Phys. Soc. Jpn. 75,094601/1-16 (2006).

2. 8. Irle, Y. Okamoto, G. Zheng and K. Morokuma, NCC-DFTB Molecular Dy-

namics Study of Fe/Co/Ni Catalyst Particle Melting and Carbide Formation
During SWCNT Nucleation, in “DFT calculations on fullerenes and carbon
nanotubes” , ed. V.A. Basiuk and S. Irle, Research Signpost, 413-434 (2009).

3. Y. Ohta, Y. Okamoto, S. Irle, and K. Morokuma, Density-functional tight-

binding molecular dynamics simulations of SWCNT growth by surface carbon
diffusion on an iron cluster, Carbon, 47, 1270-1275 (2009).

4. Y. Ohta, Y, Okamoto, S, Irle, and K. Morokuma, Temperature dependence of

SWNT growth process on an iron cluster: density functional tight-binding mo-
lecular dynamics, J. Phys. Chem. C, 113, 159-169, (2009).

5. Y. Ohta, Y. Okamoto, S. Irle, and K. Morokuma, Rapid growth of a single-

walled carbon nanotube on an iron cluster: Density-functional tight-binding
molecular dynamics simulations, ACS nano 2, 1437-1444 (2008).
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XinLi (LA ©)

JST Fellow

Fukui Institute for Fundamental Chemistry
Room 212

075-711-7647

lixin@fukui.kyoto-u.ac.jp

Computational Chemistry

1. Radical Reaction Mechanism in B12-Dependent Methylmalonyl-CoA Mutase
2. Reversibly Photoswitchable Fluorescent Protein: Dronpa
3. Irreversible Photoconversion Fluorescent Protein: Kaede

Reaction mechanisms of metalloenzymes and photobiology

June 2005, Ph. D., College of Chemistry, Liaoning Normal University
Ph. D. in Physical Chemistry from Liaoning Normal University

July 2005-May 2007, Postdoctoral Fellow, Peking University

1. Xin Li and Zhong-Zhi Yang, “An Ab initio Study of Proton-Transfer Reaction

in Be**(H,0), and the Spatial Changing Feature in the Formation Process of
Hydroxide” , J. Theor. Comp. Chem. 5(1), 75-85 (2006).

. Xin Li and Zhong-Zhi Yang, “ABEEM/MM-based Pair Potential for Molecu-

lar Dynamics Simulation of Fe*(aq) and Fe**(aq)” , J. Theor. Comp. Chem.
5(1), 341-353 (2006).

. Ling Xu, Xin Li, et al., “Ton-Specific Swelling of Poly (Styrene Sulfonic Acid)

Hydrogel”, J. Phys. Chem. B 111(13), 3391-3397 (2007).

. Fu-Qiang Shi, Xin Li, et al., “DFT Study of the Mechanisms of In Water

Au(I)-Catalyzed Tandem [3,3]-Rearrangement/Nazarov Reaction/[1,2]-Hy-
drogen Shift of Enynyl Acetates: A Proton-Transport Catalysis Strategy in the
Water-Catalyzed [1,2]-Hydrogen Shift”, J. Am. Chem. Soc. 129, 15503-15512
(2007).

. Xin Li, Si-Yu Ye, Chuan He, and Zhi-Xiang Yu, “Mechanisms of Br-nsted

Acid Catalyzed Additions of Phenols and Protected Amines to Olefins: A DFT
Study”, Eur. J. Org. Chem. 4296-4303 (2008).

. Lung Wa Chung, Xin Li, Hiroshi Sugimoto, Yoshitsugu Shiro, Keiji. Moroku-

ma, “A DFT Study on a Missing Piece in Understanding of Heme Chemistry:
The Reaction Mechanism for Indoleamine 2,3-Dioxygenase (IDO) and Trypto-
phan 2,3-Dioxygenase (TDO)”, J. Am. Chem. Soc. 131, 12298 (2008).

. Xin Li, Lung Wa Chung, Piotr Paneth, and Keiji Morokuma, “DFT and

ONIOM(DFT:MM) Studies on Co-C Bond Cleavage and Hydrogen Transfer
in B12-Dependent Methylmalonyl-CoA Mutase. Stepwise or Concerted Mecha-
nism?”, J. Am. Chem. Soc. 131, 5115-5125 (2009).

. Xin Li, Lung Wa Chung, Hideaki Mizuno, Atsushi Miyawaki, and Keiji Moro-

kuma, “A Theoretical Study on the Nature of On- and Off-States of Reversibly
Photoswitching Fluorescent Protein Dronpa: Absorption, Emission, Protona-
tion and Raman”, J. Phys. Chem. B 114, 1114-1126 (2010).

Postdoctoral Science Fund of China in Peking University, 2006.
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Safwat Abdel-Azeim (X5b-L HETDH HUL—Tp)
JST fellow
Fukui Institute for Fundamental Chemistry

Room 212

075-711-7647

safwat.abdel-azeim@fukui.kyoto-u.ac.jp
http://kmweb.fukui.kyoto-u.ac.jp/top/eng/member2.html#safa
Computational Chemistry

Enzymatic catalysis

Metalloenzyme, QM/MM methods, MetH, MetE and homocysteine activation

June 2004, Master of Sci., physical chemistry University of Paris-XI
July 2008, Doctor of Sci., Molecular modeling University of Paris-XI

Doctor of Science from Paris-XI University

Oct. 2008, Postdoctoral Fellow, Kyoto University Japan, Oct. 2009 Postdoctoral
fellow, Ecole Normale Supérieure de Cachan, France

SFBBM, société francaise de biochimie et biologie moléculaire

1. Abdel-Azeim, S., Van Der Rest, G. (2005). Thermochemical properties of

the ammonia-water ionized dimmer probed by ion-molecule reactions. J. Phys.
Chem. A 109, 2505-2513.

. Mouawad, L., Tétreau, C., Abdel-Azeim, S., Perahia, D. and Lavalette, D.

(2007). CO Migration in cytochrome P450cam studied by molecular dynamics
simulations. Prot. Sci., 16, 781-794

. Darra, E., Abdel-Azeim, S., Manara, A., Shoji, K., Maréchal, J-D., Mariotto,

S., Cavalieri, E., Perbellini, L., Pizza, C., Perahia, D., Crimi, M., and Suzuki, H.,
(2008). Insight into the apoptosis-induced action of « -bisabolol towards malig-
nant tumour cells: involvement of lipid rafts and bid. Arch. Biochem. Biophys.,
476, 113-123.

. Abdel-Azeim, S., Mouawad, L., Perahia, D., and Maréchal, J-D, (2008). Study

of the molecular basis of the unusual calcium binding properties of the Human
centrin-2 by a combined MD and QM/MM approach. Poster in the Interna-
tional Symposium - Theoretical Biochemistry - Methods and Applications
Wenner-Gren Center, Stockholm-Sweden, May 14-17, 2008.

. Scarabelli, T., Mariotto, S., Abdel-Azeim, S., Shoji, K., Darra, E., Stephanou,

A., Chen-Scarabelli, C., Marechal, J-D., Knight, R., Ciampa, A., Carcereri, de
Prati, A., Z., Yuan, E., Cavalieri, Allebban, Z., Menegazzi, M., Latchman, D.,
Pizza, C., Perahia, D. , and Suzuki, H. (2009). Targeting STAT1 by myricetin
and delphinidin provides efficient protection in the heart from ischemia/reper-
fusion-induced injury. FEBS Lett. ,531-541.

. Abdel-Azeim, S., Mouawad, L., Perahia, D., and Maréchal, J-D. QM/MM

study of calcium binding properties of the human centrin-2, (to be submitted).

. Romeo, S., Abdel-Azeim, S., Mariotto, S., Pizza, C., Shoji, K., Darra, E.,

Marechal, J-D., Ciampa, A., Cavalieri, Allebban, Z., Menegazzi, Perahia, D. ,
and Suzuki, H. Structural features of catechins responsible for inhibitory action
on signal transducer and activator of transcription 1 (to be submitted).

. Homocysteine activation in Cobalamin-dependent methyltransferase: DFT and

ONIOM study. S. Abdel-Azeim, X. Li, L. W. Chung and K. Morokuma, to be
submitted

Sidaction Postdoctoral fellow for young researcher, Oct. 2009-2011
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Alister Page (HY J72— <)
JST Fellow
Fukui Kenichi Memorial Research Group 1, Fukui Institute for Fundamental

Chemistry
Room 203

075-711-7831
095-781-4757
alisterpage@fukui.kyoto-u.ac.jp

Computational Chemistry

Molecular Dynamics simulations and electronic structure calculations of
nanoscale self-assembly processes (in particular, carbon nanotube nucleation and
growth).

Single-walled carbon nanotube, self-assembly, nucleation, growth, healing, (n,m)
chirality, density-functional tight-binding

2004, Bachelor of Mathematics (Honours Class I), The University of Newcastle,
Australia

2004, Bachelor of Science (Honours Class I), The University of Newcastle,
Australia

2008, Doctor of Philosophy, The University of Newcastle, Australia

Doctor of Philosophy, The University of Newcastle, Australia

2008, Postdoctoral Research Associate, Priority Research Centre for Energy,
Department of Chemical Engineering, The University of Newcastle, Australia

American Chemical Society, Royal Australian Chemistry Institute

1. A. J. Page, S. Irle, K. Morokuma, “Polyyne Extension and Ring Collapse
Drives Ni-Catalyzed SWNT Growth” , J. Phys. Chem. C, 114, 8206, (2010)

2. A.J. Page, Y. Ohta, Y. Okamoto, S. Irle, K. Morokuma, “Defect Healing Dur-
ing Single-Walled Carbon Nanotube Growth: A Density-Functional Tight-
Binding Molecular Dynamics Investigation”, J. Phys. Chem. C, 113, 20198,
(2009)

3. A. J. Page, B. Moghtaderi, “Molecular Dynamics Simulation of the Low-Tem-
perature Partial Oxidation of CH,” , J. Phys. Chem. A, 20, 1539, (2009)

4. A.J. Page, E. I. von Nagy-Felsobuki, “Ab Initio Rovibrational Spectrum of the
NaH,”* Ton-Quadrupole Complex” , Theor. Chem. Acc., 120, 87, (2009)

5. A. J. Page, E. L. von Nagy-Felsobuki, “Ab Initio Study of Ground State MH,,
HMHe' and MHe,”*, M = Mg, Ca”, Phys. Chem. Chem. Phys., 10, 1285, (2008)

6. A. J. Page, E. I. von Nagy-Felsobuki, “Rovibrational Spectra of LiH,", LIHD"
and LiD," Determined using FCI Property Surfaces”, J. Phys. Chem. A, 111,
4478, (2007)

Australian Post-Graduate Award (2005-2008)
RACI Chemistry Honours Prize (2004)
Deans Medal, Faculty of Science and IT, The University of Newcastle (2004)
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K. R.S. Chandrakumar (H oA B F—5)
JST Fellow

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

Room 203

075-711-7834

075-781-4757

krsc@fukui.kyoto-u.ac.jp; krschandrakumar@gmail.com
Computational Chemistry

DFTB-MD simulation of carbon nanotube growth from the metal decorated
carbon nanocones

carbon nanotube, nanocones, self-assembly, nanocapsules, density-functional
tight-binding

B.Sc., with distinction, Madurai Kamaraj University, (General Chemistry with
Physics and Mathematics as ancillary subjects) 1994

M.Sc., with first class, Madurai Kamaraj University, (specialization in Physical
Chemistry) 1996

Ph.D., Pune University, National Chemical Laboratory, 2003

Thesis Title: Theoretical studies on some aspects of chemical reactivity using
density based descriptors.

Doctor of Philosophy, Pune University, National Chemical Laboratory

Since 2004, working as a Scientific Officer at Bhabha Atomic Research Centre,
India

Chemical Research Society of India.

1. N. K. Jena, K. R. S. Chandrakumar and S. K. Ghosh, “Theoretical Investiga-
tion on the Structure and Electronic Properties of Hydrogen- and Alkali-Metal-
Doped Gold Clusters and Their Interaction with CO: Enhanced Reactivity of
Hydrogen-Doped Gold Clusters” J. Phys. Chem. C, 2009, 113, 17885-17892.

2. K. Srinivasu, K. R. S. Chandrakumar and S. K. Ghosh, “Computational Stud-
ies on Hydrogen Adsorption in Organic Molecular systems: Role of Aromatics”
Chem Phys Chem. 2009, 10, 427-435.

3. K. R. S. Chandrakumar, K. Srinivasu and S. K. Ghosh, “Nanoscale Curvature
Induced Hydrogen Adsorption in Alkali Metal Doped Carbon Nanomaterials”
J. Phys. Chem. C, 2008, 112, 15670-15679.

4. K. Srinivasu, K. R. S. Chandrakumar and S. K. Ghosh, “Quantum Chemical
Studies on Hydrogen Adsorption in Carbon Based Model Systems: Role of
Charged Surface and the Electronic Induction Effect” Phys. Chem. C. Phys.,
2008, 10, 5832-5839.

5. K. R. S. Chandrakumar and S. K. Ghosh, “Alkali-Metal-Induced Enhancement
of Hydrogen Adsorption in C¢ Fullerene: An ab initio Study” NanoLett. 2008, 8,
13-19.

Indo-European Collaborative Project Grant (FP7); Project Title: Modeling of
Nano-scaled Advanced Materials Intelligently (MONAMI)

Young Scientist Award in 2008 from Department of Atomic Energy (DAE)
Young Scientist Medal Award in 2005 from the Indian National Science Academy
(INSA)
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Fengyi Liu

(BBl DE)

JST Fellow
Fukui Institute for Fundamental Chemistry
Room 207

075-711-7893

fengyiliu@fukui.kyoto-u.ac.jp
Computational Chemistry
Theoretical calculation of molecular motor and switch

Artificial/biological molecular motor, molecular switch

Jun. 1998, B. Sc. in Chemistry, Hebei Normal University, China

Jun. 2001, M. Sc. in Chemistry, Hebei Normal University, China

Dec. 2005, Ph.D. in Chemistry, Beijing University of Chemical Technology,
China

Ph. D. in Applied Chemistry, Beijing University of Chemical Technology

Sep. 2007-Jun. 2009, Postdoctoral researcher, Lund University, Sweden

1. Fengyi Liu, Lingpeng Meng, Shijun Zheng, Small Fullerenes with BN Belts: a

Density Functional Theory Investigation, J. Phys. Chem. B, 2006, 110, 6666-
6672.

. Fengyi Liu, Lingpeng Meng, Zheng Sun, Shijun Zheng, Insights into the Mech-

anism of BN Generation via Boron Triazide Precursor: A Theoretical Study, J.
Phys. Chem. A, 2006, 110, 10591-10600.

. Jie Ren, Fengyi Liu, et al., Initial reaction of HfO2 atomic layer deposition on

silicon surfaces with different oxygen levels: A density functional theory study,
Thin Solid Film, 2007, 515, 4702-4708.

. Fengyi Liu, Yajun Liu, Luca De Vico, Roland Lindh, Theoretical Study of the

Chemiluminescent Decomposition of Dioxetanone, J. Am. Chem. Soc., 2009,
131, 6181-6188.

. Shu-Feng Chen,Feng-Yi Liu, Ya-Jun Liu, An ab initio investigation of the

mechanisms of photodissociation in bromobenzene and iodobenzene, J. Chem.
Phys., 2009, 131, 124304.

. Fengyi Liu, Yajun liu, Luca De Vico, Roland Lindh, A CASSCF/CASPT2

Approach to the Decomposition of Thiazole-Substituted Dioxetanone: Substi-
tution Effects and Charge-Transfer Induced Electron Excitation, Chem. Phys.
Lett. 2009, 484, 69-75.

. Fengyi Liu and Keiji Morokuma, Rationalization of Light-Driven Rotary Mo-

lecular Motor: An Theoretical Study on the Photoisomerization of an Stiff Stil-
bene, manuscript in preparation.
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Parameswaran Pattiyil
JST Fellow

Fukui Institute for Fundamental Chemistry

Room 214

080-61487634

075-781-4757

param@fukui.kyoto-u.ac.jp
http://kmweb.fukui.kyoto-u.ac.jp/top/eng/member2.html#patt

Computational Chemistry

Electronic structure calculations and molecular dynamics simulations of
molecules, clusters and solids

Dynamics, DFTB, nanowire, growth, DFT

1998, Bachelor of Sci., St. Thomas’ College, Thrissur, University of Calicut
2000, Master of Sci., St. Thomas’ College, Thrissur, University of Calicut

Ph. D in Chemistry from University of Hyderabad

Mar. 2007 - Oct. 2007 : Research Associate, Department of Inorganic and Physi-
cal Chemistry, Indian Institute of Science, Bangalore

Nov. 2007 - Sept. 2009 : Alexander von Humboldt Research Fellow, Philipps-
Universit- Marburg, Germany

Oct. 2009 - to-date : Postdoctoral Research Fellow, Fukui Institute for Funda-
mental Chemistry, Kyoto University

1. Melaimi, M.; Parameswaran, P.; Donnadieu, B.; Frenking, G.; Bertrand. G.
“Synthesis and Ligand Properties of a Persistent All-Carbon Four-Membered
Ring Allene”, Angew. Chem. Int. Ed. 48, 4792-4795 (2009).

2.Parameswaran, P.; Frenking, G. “Transition Metal Complexes
[(PMe,)’CLLM(E)] and [(PMe,)’(CO)’M(E)] with Naked Group 14 Atoms (E
= C - Sn) as Ligands; Part 1: Parent Compounds”, Chem. Eur. J. 15, 8807-8816
(2009).

3.Parameswaran, P.; Frenking, G. “Transition Metal Complexes
[(PMe,)’CL,LM(E)] and [(PMe,)’(CO)*M(E)] with Naked Group 14 Atoms (E
= C - Sn) as Ligands; Part 2: Complexation with W(CO)*”, Chem. Eur. J. 15,
8817-8824 (2009).

4. Aldeco-Perez, E.; Rosenthal, A.; Donnadieu, B.; Parameswaran, P.; Frenking,
G.; Bertrand. G.. “Isolation of a C-5-Deprotonated Imidazolium, a Crystalline
Abnormal N-Heterocyclic Carbene”, Science, 326, 556-559 (2009).

5.Back, O.; Donnadieu, B.; Parameswaran, P.; Frenking, G.; Bertrand. G. “Isola-

tion of Crystalline Carbene-Stabilized P2-Radical Cations and P2-Dication”,
Nature Chemistry, 2, 369-373 (2010).

Alexander von Humboldt Research Fellow 2007-2009
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1. Motomichi Tashiro, “Application of the R-matrix method to photoionization

of molecules”, Journal of Chemical Physics, 132, 134306 (2010)

2. Motomichi Tashiro, “Electron scattering from gas-phase glycine molecules”,

Journal of Chemical Physics, 129, 164308 (2008)

3. Motomichi Tashiro, “Electron impact excitations of S2 molecules”, Chemical

Physics Letters, 453, 145 (2008)

4. Motomichi Tashiro, “Exchange effects in elastic collisions of spin-polarized

electrons with open-shell molecules with *% .~ symmetry” , Physical Review A 77,
012723 (2008)

5. Motomichi Tashiro and Keiji Morokuma, “R-matrix calculation of integral

and differential cross sections for low-energy electron-impact excitations of the
N, molecule”, Physical Review A 75, 012720 (2007).

6. Motomichi Tashiro, Keiji Morokuma and Jonathan Tennyson, “R-matrix cal-

culation of differential cross sections for low-energy electron collisions with
ground and electronically excited state O, molecules”, Physical Review A 74,
022706 (2006).

7. Motomichi Tashiro, Keiji Morokuma and Jonathan Tennyson, “R-matrix cal-

culation of electron collisions with electronically excited O, molecules”, Physi-
cal Review A 73, 052707 (2006).

8. Motomichi Tashiro and Alexei A. Stuchebrukhov, “Thermodynamic Properties

of Internal Water Molecules in Hydrophobic Cavity around Catalytic Center of
Cytochrome ¢ Oxidase”, Journal of Physical Chemistry B 109, 1015 (2005).

A AR BLAEA M RIFTIE R (200544 -20064£10 )
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Wilfredo Credo Chung (9 wA.5iL—& <ih—& HpA)

FIFC Fellow

Fukui Institute for Fundamental Chemistry
Room 213

075 711 7902

075 781 4757

wchung@fukui.kyoto-u.ac.jp

Computational Chemistry

Theoretical elucidation of reaction mechanisms and dynamics of important
molecules in the electronic ground and excited states

potential energy surface, wave packet dynamics, conical intersection, diabatic
representation, QM/MM

March 1991, Bachelor of Science in Chemical Engineering, University of San
Carlos, Cebu City, Philippines

October 1999, Master of Science in Chemistry, Mindanao State University—Iligan
Institute of Technology, Iligan City, Philippines

March 2007, Doctor of Science, Graduate School of Science, Tohoku University

Doctor of Science, Tohoku University

March 1992 — June 1993 Research and Development Chemist, Treasure Island
Industrial Corporation, Cebu City, Philippines

June 1994 — October 1996 Lecturer, Colleges of Arts, Sciences and Engineering,
Saint Joseph Institute of Technology, Butuan City, Philippines

November 1996 — March 2003 Lecturer, Department of Chemistry, Northern
Mindanao State Institute of Science and Technology, Butuan City, Philippines
August 2007 — September 2007 Postdoctoral Fellow, Laboratory of Theoretical
Chemistry, Tohoku University

October 2007 — present Center Fellow, Fukui Institute for Fundamental
Chemistry, Kyoto University

Chemical Society of Japan, Japan Society for Molecular Science

1. W. M. 1. Hassan, W. C. Chung, N. Shimakura, S. Koseki, H. Kono and Y. Fu-
jimura Ultrafast radiationless transition pathways through conical intersections
in photo-excited 9H-adenine, Phys. Chem. Chem. Phys., 12, 5317-5328 (2010).

2. M. Yamaki, K. Hoki, T. Teranishi, W. C. Chung, F. Pichierri, H. Kono and Y.
Fujimura, Theoretical design of an aromatic hydrocarbon rotor driven by a cir-
cularly polarized electric field, J. Phys. Chem. A, 111, 9374-9378 (2007).

3. W. C. Chung, Z. Lan, Y. Ohtsuki, N. Shimakura, W. Domcke and Y. Fujimura,
Conical intersections involving the dissociative ' = ¢ * state in 9H-adenine: a
quantum chemical ab initio study, Phys. Chem. Chem. Phys. 9, 2075-2084 (2007).

4. W. C. Chung and E. W. Ignacio, A DFT study on the intramolecular dissocia-
tion pathways of ethyl fluoroformate radical cation in the gas phase; II. Keto
path, J. Mol. Struct. (THEOCHEM) 713, 153-159 (2005).
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Takahiro Sakaue (72705 229 Z)
Assistant Professor

Department of Physics, Kyushu University
Room 2646, Faculty of Science Building 2

092-642-2567

sakaue@phys.kyushu-u.ac.jp
Statistical physics
Nonequilibrium phenomena in softmatter and biological systems

Polymer, biopolymer, fluctuation and response

March 2001, Master of Sci., Graduate School of Science, Kyoto University
March 2004, Doctor of Sci., Graduate School of Science, Kyoto University

Doctor of science from Kyoto university

Apr, 2003, JSPS Fellow (DC2), Kyoto University
Apr. 2004, JSPS Fellow (PD), College de France
Apr. 2005, JSPS Fellow (PD), Kyoto University
Apr. 2008, FIFC Fellow, Kyoto University

May. 2009, Assistant Professor, Kyushu University

Physical society of japan

1, Takahiro Sakaue, Kenichi Yoshikawa, “Water and Biomolecules- Physical

Chemistry of Life Phenomena” (edited by K. Kuwajima, Springer-Verlag,
2009) Chapter 3 “Transition in the higher-order structure of DNA in aqueous
solutions”

2, Takahiro Sakaue, Natsuhiko Yoshinaga, “Dynamics of Polymer Decom-

pression: Expansion, Unfolding and Ejection”, Physical Review Letters, 102,
14832:1-4 (2009).

3, Takahiro Sakaue, Takao Ohta, “Probing Nonequilibrium Fluctuations through

Linear Response”, Physical Review E, 77, 050102:1- 4(R) (2008).

4, Takahiro Sakaue, “Nonequilibrium Dynamics of Polymer Translocation and

Straightening”, Physical Review E, 76, 021803:1- 7 (2007).

5, Takahiro Sakaue, “Semiflexible Polymer Confined in Closed Spaces”, Macro-

molecules, 40, 5206-5211 (2007).

Inoue Research Award for Young Scientists (2004)
JSPS Research Fellowships for Young Scientists(DC2) 2003-2004
JSPS Research Fellowships for Young Scientists(PD) 2004-2008
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Takafumi Iwaki (72/5%k Wi &)
FIFC Fellow

Fukui Institute for Fundamental Chemistry
Room 213

075-711-7902

iwaki@fukui.kyoto-u.ac.jp
Soft Matter, Biological Physics
Interfacial Phenomena, Simulation Method

Polyelectrolyte, DNA folding transition, Thermofluid, Photophoresis

March 2001, Master of Sci., Graduate School of Science, Kyoto University
March 2004, Doctor of Sci., Graduate School of Science, Kyoto University

Doctor of Science from Kyoto University

Apr. 2004, Postdoctoral Fellow at The City University of New York, USA
Apr. 2005, Okayama Institute for Quantum Physics

The Physical Society of Japan

1. T. Iwaki, N. Makita and K. Yoshikawa, “Folding transition of a single semi-
flexible polyelectrolyte chain through toroidal bundling of loop structures”,
The Journal of Chemical Physics 129(6), 065103 (13 pages) (2008)

2. T. Saito, T. Iwaki, and K. Yoshikawa, “DNA compaction induced by neutral
polymer is retarded more effectively by divalent anion than monovalent anion”,
Chemical Physics Letters 465(1-3), 40-44(2008)

3. T. Saito, T. Iwaki, and K. Yoshikawa, “Small anion with higher valency retards
the compaction of DNA in the presence of multivalent cation”, Biophysical
Journal 96(3), 1068-1075 (2009)

4. A. Khoo, T. Iwaki, C-Y. Shew, and K. Yoshikawa, “Preferential Positioning
of a Nanoparticle Bound to a Polymer: Exact Enumeration of a Self-avoiding
Walk Chain Model”, Journal of Chemical Physics 131, 104904 (9 pages) (2009)

5. S Araki, K. Hizume, T. Iwaki, Y. Suzuki, K. Takeyasu, and K. Yoshikawa,
“Nucleosomal arrays reconstituted from ring and linear DNA”, Chemical Phys-
ics Letters 479, 284-289 (2009)
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2. A —tZF—
BEIEGEHEA—1EIF— 201042 H 4 H (AK) 15:00-17:00)

15:00 ~ 15:30 Zhuofeng Ke (fgift& o 4 —)
"Theoretical Study of the Rh-Catalyzed Polymerization of Phenylacetylene"
15:30 ~ 16:00 Hajime Hirao (gt ¥ —)
"QM/MM Computational Studies of Metalloenzymes: Characterization of
Elusive Intermediates and Elucidation of Reaction Mechanisms"
16:00 ~ 17:00 Arnout Ceulemans (Catholic University of Leuven)

"Frustration in Jahn-Teller systems"

3. CREST International Symposium on Theory and Simulations of Com-
plex Molecular Systems & International Symposium on Theory of Molecu-
lar Structure, Function and Reactivity, Celebrating Prof. Morokuma’s 75th
Birthday

July 19 (Sun): CREST Symposium
9:00 Shigeyoshi Sakaki, FIFC Director Opening Remarks

Chair: Shigehiko Hayashi

9:10 Richard A. Friesner C-01 Density functional based QM/MM studies of metalloprotein active
sites

9:40 Kazunari Yoshizawa C-02 QM/MM Study on Oxygenation Enzymes

10:10 Todd Martinez C-03 Photobiology and mechanochemistry from first principles

10:40 Break

Chair: Toshiaki Matsubara

11:00 Junya Hasegawa C-04 Excited states of photofunctional molecules in protein
environments

11:30 Qiang Cui C-05 Multi-scale models of biomolecular processes: developments and

applications
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12:00 Weitao Yang C-06

Free energies and mechanism of chemical reactions in solution and in enzymes with ab
initio QM/MM method

12:30-13:30 Lunch

Chair: Djamaladdin G. Musaev

13:30 Feliu Maseras C-07 Cross-coupling reactions: calculations do help mechanistic
understanding

14:00 Chantal Daniel C-08 From small to large transition metal complexes: quantum theory of
electronic excited states

14:30 Christophe Bichara C-09 Modeling Nickel-Carbon alloys to study the catalytic synthesis of
Carbon Nanotubes

15:00 Break

Chair: Alister Page

15:30 Gustavo E. Scuseria C-10 Carbon nanotubes and grapheme nanoribbons

16:00 Kim Bolton C-11 Computational studies of single-walled carbon nanotube growth

16:30 Susumu Saito C-12 Abundance of C60 revisited: A microscopic formation process of
fullerenes

17:00 Stephan Irle C-13 Density-functional tight-binding molecular dynamics simulations of car-
bon nanotube formation

17:30 Shigeo Maruyama C-14 Nucleation of a Single-Walled Carbon Nanotube inside a Nanotube

18:00 Keiji Morokuma Welcome Reception

July 20 (Mon): “Birthday” Symposium

Chair: Seiji Mori

9:00 Shigeyoshi Sakaki B-01 CCSD(T) Study of Large Transition Metal Complexes with
Frontier-Orbital-Consistent Effective Potential

9:30 Suehiro lwata B-02 Perturbation Expansion Based on Absolutely Local Excited Molecular

Orbitals and Application to Molecular Clusters
Chair: Alexander Mebel

10:00 Masanori Tachikawa B-03 Nuclear Quantum Effect on Hydrogen Bonded Systems
1030 Break
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11:00 Michael J. Frisch B-04 Recent Advances in the Exploration of Potential Energy Surfaces

and the Prediction of Vibrational Spectra

Chair: UIf Ryde

11:30 Seiji Mori B-05 Important insight into Reaction Mechanisms of Organic Syntheses and Bio-
syntheses from View of Computational Chemistry

12:00 Kazuo Kitaura B-06

Quantum-chemical calculations of large biomolecules with the fragment molecular orbital method

12:30-13:30 Group Picture & Lunch
13:30-15:30 2hr poster session

Chair: Junya Hasegawa

15:30 Djamaladdin G. Musaev B-07 Computation aided catalyst design:

visible lightdriven water oxidation

16:00 Koichi Yamashita B-08 Quantum transport of single molecules and solid interfaces
16:30 Alexander M. Mebel B-09 Growth mechanisms of large organic molecules in
low-temperature conditions of Titan’s atmosphere: from polyynes to PAH

17:00 Break

17:20 Toshiaki Matsubara B-10 Application of the ONIOM-molecular dynamics method to the
chemical reactions. A new theory of chemical reactivity
17:50 Satoshi Yabushita B-11 Theoretical study on the f-f transition intensities of

lanthanide trihalide systems

18:20 Mori, Tachikawa Poster Award Ceremony
19:00-21:00 Kazuo Kitaura, Stephan Irle Birthday Party

July 21 (Tue): CREST Symposium

Chair: Stephan Irle

9:00 Boris |. Yakobson C-15 Relaxation mechanisms in nanostructures through theory and
computations

9:30 Henryk A. Witek C-16 When finite becomes infinite...

10:00 Atsushi Oshiyama C-17 Nanometer-scale shapes that produce unusual properties of car-

bon nanomaterials
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10:30 Break

11:00 Younghee Lee C-18 Engineering electronic structures of carbon nanotubes: Theory and
experiment

11:30 Shigeru Nagase C-19 Structures and reactions of endohedral metallofullerenes

Chair: Masanori Tachikawa
12:00 Shinichiro Nakamura C-20 Theoretical Chemistry in Chemical industrial researches
12:30-13:30 Lunch

Chair: Kazunari Yoshizawa

13:30 UIf Ryde C-21 A comparison of different methods to calculate reaction energies in proteins
14:00 Shigehiko Hayashi C-22 Molecular mechanisms of enzymatic activities in motor and photo-
receptor proteins

14:30 Shigenori Tanaka C-23 Large-scale biomolecular simulations based on the

fragment molecular orbital method

15:00 Lung Wa Chung C-24 Our ONIOM journey of metalloenzymes and photobiology

15:30 Walter Thiel C-25 QM/MM studies of enzymatic reactions

16:00 Adjourn

4. EFHIREXRAIBEERX-"R7 O7ERIBSMEL > DEA—

NFERCELDIERDSFOLIAL—2 a3 VICHAT HIHRMREARERR
(Collaboratory Research and Exchange of Researchers in Simulations of Complex

Molecules Using Molecular Theoretical Methods)

aO—F 4 R—H — FHRERER
(BRI 178 X— O EMREESR)
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Detailed schedule of JENESYS program

Wednesday, July 8

by noon; Group C participants arrive at Seifu Kaikan hotel in Kyoto
1230 Walk to FIFC, led by Ms. Liu

1300 Registration at FIFC

1400 (Group B members also join at this point)

1400 Welcome to JENESYS and logistics (Dr. Morokuma)

1500 Introduction to FIFC and activity of Ishida Group (Prof. Ishida)
1530 Activity of Morokuma group I (Dr. Alister —nano projects)
1600 Activity of Morokuma group 2 (Dr. Chung- bio projects)

1630 Reception (JENESYS participants and FIFC members)

1800 adjourn

Thursday, July 9

930 Presentation of JENESYS participants (10 min from each participant)
1130 Activity of Ohmine group (Dr. Kamiya)

1200 Final logistics (Dr. Morokuma)

1230 Walk to Kyoto University north campus and have lunch

1400 Visit Kato-Hayashi-Tanimura Group at Faculty of Science (science faculty
bidg 2, room 218)

1400 Overview of theoretical groups

1420 Seven presentations of Jenesys participants

1540 Presentations of theoretical groups

1620 Visit labs

1700 End visit. Walk to the main campus and confirm the shuttle bus stop in front
of the clock tower

1730 Adjourn

Friday, July 10
850 Gather at the bus stop in front of the clock tower of the main campus

910 Shuttle bus to Katsura campus leaves punctually (If you miss the bus, the next
bus leaves at 1035)
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1010 Bus arrives at Katsura campus. Get off at the first stop (A-cluster). Nakatsuji
group picks up at the bus stop.

1020 Presentation of research of Nakatsuji group at Quantum Chemistry Research
Institute(QCRI)

1120 Seven presentations of JENESYS participants

1230 Box lunch at QCRI

1330 Walk to Sakai Lab, Kyoto University

1345 Seven presentations of JENESYS participants

1500 Presentation of research of Sakaki group, Faculty of Engineering, Kyoto
University

1620 Visit laboratories

1700 Dinner at Coop dining room

1820 Shuttle bus leaves

1915 Arrive at clock tower of the main campus and adjourn

Saturday, July 11
Free. Enjoy visiting sights in Kyoto.

Sunday, July 12

~800 Group C Leave Seifu Kaikan hotel

~830 All gather at the main gate of Kyoto Station

902 at Kyoto station take Nozomi #220 train

1116 Arrive at Shinagawa station. Change train

~1140 arrive at Takadanobaba station

~1200 arrive at Hotel Sunroute Takadanobara

~1300 Students from Prof. Nakai group will come to the hotel and take for
sightseeing

Monday, July 13

1030 Students from Nakai group pick up at the hotel

1045 Arrive at Nakai group, Waseda University

1100- Discussion 1 (group B and Nakai group presentations)
1300- Lunch

1500- Discussion 2 (group C and Nakai group presentations)
1700- Reception

2000- 7?
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Tuesday, July 14

730 Check out hotel

740 Leave Takadanobaba station

820 Arrive at Hamamatsucho station

900 Hato Bus tour (half-day tour of Tokyo) leaves

1200 Tour ends. Lunch

~1300 Leave Hamamatsucho station for Shinagawa station
1334 Kodama#650 leaves Shinagawa

1542 arrive at Toyohashi. Change train to Meitetsu line
1553 Metetsu leaves Toyohashi

1618 Arrive at Higashi-Okazaki// Walk to Mishima lodge of IMS

Wednesday, July 15

845 Walk from Mishima Lodge to IMS (Prof. Nagase’s office)
900 Overview of theo/comp research area of IMS

915 Presentations of JENESYS participants

1115 research presentation of theory groups 1230 lunch
1330 visit UVSOR facility

1415 presentations of computational groups.

1500 visit research center for computational science

~1600 leave Higashi-Okazaki by Meitetu line

~1730 Arrive at the guest house, Nagoya university

Thursday, July 16

1000 Visit Irle group meeting, IAR, Nagoya University
1040 Seven presentations by JENESYS participants
1150 Presentations of Irle group members

1250 lunch

1350 Presentations by chemistry GCOE

1420 Visit of Prof. Hisanori Shinohara lab (Science)
1500 Visit of Prof. Eiji Yashima’s lab (Engineering)
1600 Leave Nagoya University by subway

~1700 Take Shinkansen from Nagoya to Kyoto
~1800 Arrive at Kyoto, adjourn



Friday, July 17

Gion Festival in Kyoto, enjoy

Saturday, July 18

free

Sunday, July 19
900 International symposium at FIFC
1800 Reception

Monday, July 20
900 International symposium at FIFC
1900 Banquet

Tuesday, July 21
900 International symposium at FIFC
1600 Adjourn

Wednesday, July 22
900 Final discussions at FIFC

Thursday, July 23

Group C members head back to home

Group B members continue research

I #FFELERES (2009)
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1. EEHE
MAWIFEEFY  H{T#E General Division Fulltime Faculty

sz faH fEI1E  Associate Professor Toshimasa Ishida

1. Summary of the research of the year

(1) Ab initio non-adiabatic trajectory calculations for 9-cis Schiff base retinal
Isorhodopsin is an analogue of

rhodopsin that contains a 9-cis retinal

chromophore instead of 11-cis retinal
embedded in the same opsin environment.

Light-induced isomerization of the 9-cis

retinal chromophore to the all-trans form

9-cis All-trans

is known to occur at a longer timescale Figure 1 Energy diagram for the cis-trans isomerization of

(600 fs) and at a reduced quantum yield  retinal. Energy is in kcal mol™. At the conical intersections,
(0.22) resulting in a weaker visual response ~ numbers without/in parentheses indicate energy when the

whereas isomerization of 11-cis retinal to ~ C8-C9=C10-Cl1 torsion  is  twisted in  the

the all-trans form is essentially Complete d clockwise/counterclockwise  direction. CI =  conical

. . . intersection. TS = transition state (saddle point). Min =
in 200 fs with a 0.67 quantum yield.

minimum.
We investigate the dynamics of the

photoisomerization of a model PSB of 9-cis retinal in a similar fashion in the previous research to
seek the origin of the difference of reaction time and quantum yield between rhodopsin and

isorhodopsin.

One minimum is found in the excited state in addition to the one in the ground state of
protonated Schiff base of 9-cis retinal, as shown in Figure 1. Two similar saddle points are found
between the S; minimum and two minimal energy conical intersection points, which bifurcates to
the all-trans product and the 9-cis reactant. One of the two saddle points as well as one of the
conical intersection points are twisted from the S; minimum in the clockwise direction with respect
to the -C8-C9=C10-C11- dihedral angle ( ¢ 9). The other ones are twisted in the counterclockwise
directions. Both the two saddle points give ~10 kcal mol” barrier along a mixed coordinate of a
twist in the ¢ 9 dihedral and complementary bond-order alteration of the C9-----C13 polyene chain.
At the S| saddle points, the ¢ 9 dihedral is twisted from 0° at the S; minimum well to around 26°.

Figure 2 shows the population of the 9-cis, all-trans and 11-cis photoproducts as well as the

still-unreacted residual of the starting material. the quantum yield of the all-trans photoproduct is
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(a) Time evolution of trajectories (9-cis)

found to be 0.13. If the 9-trans (11-cis) products are counted as 0g

a trans product, the ratio is 0.18, which is in excellent o7

Population
o
&

agreement with the experimentally measured quantum yield of

04 Residual

0.22. This is significantly lower than the one obtained by
Ishida et al. for 11-cis PSB retinal of 0.27 (or 0.49 if the N =

0
0 100 200 300 400 500 600 700 800 900 100011001200
Time (fs)

(b) Time evolution of trajectories (11-cis)

I1-trans (9-cis) form 1is counted as a trans form).

Experimentally, the all-trans quantum yield for rhodopsin is

11-Cis
Residual

0.67 around three times more than that for isorhodopsin. The

rhodopsin/isorhodopsin quantum yield ratio for the two §Zz
simulations is 2.1 to 2.7, in good agreement with the % ool

02 |
experimental ratio. o1

0.0 -
0 100 200 300 400 500 600 700 800 900 100011001200

On the average, it takes 441 fs to form the all-trans isomer Time (fs)

from the 9-cis form; the time scale of isomerization is shorter
Figure 2. Population change

@ logl-Rg diagram for trajectory 045 T than,  but in  reasonable . o
: [ Eieg — agreement with the calculated for all the trajectories in
s experimental reaction time the (a) isorhodopsin (9-cis) and (b)
.z; . ~ of 600 fs. We examine the rhodopsin (11-cis) model systems.
:: time-dependence of the active dihedral angle and C9=C10
12 o bond length to understand the origin of the oscillation of the
10 (degree) torsion angle around the 9-cis conformation before a larger

(b) |g|-Rg diagram for trajectory 075 TT . . .
: torsion angle is attained.

Shown in Figure 3 are the diagram for C9=C10 (Ry) and

Excited -
Ground -

dihedral angle ¢ 9 to present time evolution of three typical

trajectories generating the all-trans form. Figures 3a and 3b

shows that the trajectories are trapped where the torsion angle
0 30 60 90 120 150 180

log| (degree) | ¢ o| is confined to 0-30° before the angle increases in a

(© |9gl-Rg diagram for trajectory 175 TT continuous and monotonous fashion with time in some cases
: s whereas the trajectory shown in Figure 3c is a representative

= for the other trajectories which relatively straightforwardly
@ : v/‘ i give the product. The trajectory trapping with the twist angle
131 of less than 30° is consistent with the existence of the saddle

o e w 1 10 e point with | ¢ o|~26°. Thus, the delay in the excited-state
ol oo dynamics would be mainly due to an energetic barrier in the
Figure 3. The correlation of R, ©Xcited state associated mainly with the ¢ ¢ torsion coordinate.
and | ¢ o for three typical Cis-trans isomerization is an intrinsic property of 9-cis
rajectories. retinal that is not triggered although it may be altered by the

opsin environment in isorhodopsin. The processes that occur
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from photoexcitation to ground-state relaxation of the PSB of isorhodopsin in the gas phase are
summarized as follows:

1. The C9=C10 bond Ry is stretched to a single bond and the torsion coordinate ¢ ¢ is twisted
to as far as £30° after photoexcitation.

2. The bond oscillates between single- and double-bond character while ¢ 9 also oscillates
within £30° while being trapped in the S; well.

3. The barrier is surmounted and crank shaft motion of the two angles of ¢ 9 and ¢ 1; occurs
toward the transition point to the ground state. The Rg bond is predominantly single bond
in character during transition. When | ¢ ¢| is greater than about 70° at the transition point, an
all-trans photoproduct is likely to result.

4. The molecule relaxes in the ground state as Ry shrinks back to a double bond and | ¢ 9|

approaches 0° and 180° depending on the resulting photoproduct.

(2) Aromaticity of neutral and doubly charged polyacenes

Aromatic character of polycyclic aromatic hydrocarbon (PAH) molecules has been investigated
extensively using energetic, magnetic, and geometric indicators of global and local aromaticity.
Clar's concept of an 'aromatic sextet' is also useful for intuitively grasping the global aromaticity of
PAH molecules. Here, aromatic character of neutral and doubly charged polyacenes was explored in
terms of the harmonic oscillator model of aromaticity (HOMA) and bond resonance energy (BRE).
Doubly charged species of polyacenes are different in global and local aromaticity from the neutral
species. Neutral species are fairly uniform in local aromaticity, whereas doubly charged species are
more aromatic in the edge rings than in the central rings. Higher polyacenes have been predicted to
exist as singlet-state diradicals. It was found that these polyacene diradicals are quite similar in
global and local aromaticity to the closed-shell molecular dications. The possible instability of
higher polyacenes in closed-shell electronic configuration is associated with the high-lying highest

occupied molecular orbital (HOMO) that contributes little to global aromaticity.

(3) Aromaticity and Diatropicity of Bond-Alternate Benzene

Enormous effort has been devoted to the elucidation of possible effects of bond-length alternation
on the benzene 7-system. Benzene tends to stay highly aromatic and highly diatropic even if strong
bond-length alternation is introduced artificially into the z-system. Such peculiar aromatic and
magnetic characters of benzene were justified consistently and unambiguously within a single

theoretical framework. From all physically sound points of view, bond-alternate benzene is highly
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aromatic with a large aromatic stabilization energy. We confirmed that in the annulene family

benzene is least sensitive in aromaticity to bond-length alternation.

(4) Geometries of MCN (M=Cu, Ag, and Au) in comparison with a microwave experiment
and the previous calculations

Calculations were carried out at the level of B3PW91 for MCN (M=Cu, Ag, and Au). The basis
set employed is the 6-311++G(3df) set for C and N and the LanLL.2DZ set for Cu, Ag and Au. The
calculation results reproduced the experimental internuclear distances of MCN. Recent accurate
CCSD(T) calculations with the large cc-pVQZ basis set by Zaleski-Ejgierd et al. also provided
consistentvalues. Most of the other M-C distances calculated using a fairly large basis set were also
close to the experimental lengths. Early MP2/I work where the basis set I was essentially the DZP

basis set with relativistic effective core potential, supplied poorer estimates.

2. Original papers

(1) Toshimasa Ishida and Jun-ichi Aihara,
Aromaticity of neutral and doubly charged polyacenes, Phys. Chem. Chem. Phys. 11, 7197 -
7201 (2009)
(2) Toshiaki Okabayashi, Emi Y. Okabayashi, Fumi Koto, Toshimasa Ishida, and Mitsutoshi
Tanimoto
Detection of Free Monomeric Silver(I) and Gold(I) Cyanides,AgCN and AuCN: Microwave
Spectra and Molecular Structure
J. Am. Chem. Soc. 131 (33), 11712-11718 (2009).
(3) Aihara, Jun-ichi; Ishida, Toshimasa,
"Unusually High Aromaticity and Diatropicity of Bond-Alternate Benzene"
J. Phys. Chem. A, 114 (2), 1093-1097 (2010).

3. Presentation at academic conferences

(1) A/l f&IE, Chung Wilfredo Credo, FAHE B2, HAT Z24t
L FF— L DOIEWEER ab initio h T V=7 kU EE
5 12 BB LR RS 1P25 AT 2009/5/28
(2) Toshimasa Ishida, Wilfredo C. Chung, Shinkoh Nanbu, and Hiroki Nakamura
“Analysis of ab initio trajectories in retinal photoisomerization”
5 25 UL R e 1B01 KE 2009/6/1
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(3) Wilfredo Credo Chung and Toshimasa Ishida,

“Comparative Essential Dynamics of the Interaction of Human TRAF3 with Human CD40
and Epstein-Barr Virus LMP1 proteins®
55 25 LA RUS RS 1P17 0 K'E 2009/6/1

(4) Al {21E, Wilfredo Credo Chung, FE#E B2, HAT 224
L FF— L DOIEWEGEFR ab initio N 7 V=7 U FHHE
55 3 [Bl5r FRVER RS 2009 4P09S 44 TR 2009/9/24

(5) Wilfredo Credo Chung and Toshimasa Ishida,

“Comparative Essential Dynamics of Protein-Protein Interaction*
5 3 [E5y T RHERERSS 2009 4P143 AR 2009/9/24
(6) Toshimasa Ishida,
“Non-adiabatic ab initio dynamics of Schiff base retinal”,
The 3" J apan-Czech-Slovakia Joint Symposium for Theoretical/Computational Chemistry,
Blatislava, Slovak, Sep. 10, 2009 (Invited)

(7) TEH—IE « $aREEK - GRS - A HEIE
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2. YY—F1—H—
Keiji MOROKUMA

Research Leader, Kenichi Fukui Memorial Research Group 1

1. Summary of the research of the year
Multi-level Simulation of Complex Molecular Systems

The goals of the research of this group are 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. 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) until March 2012. With ten to twelve postdoctoral fellows (both Fukui fellows and JST fellows),
a few visiting graduate students and several research assistants in the group, as well as in collaboration
with my group at Emory University and the group of Prof. Stephan Irle (a CREST collaborator) of
Nagoya University, we have a strong team of theoretical/computational chemists working together toward
a common goal. Since detailed description on individual projects can be found in the reports of

postdoctoral fellows, here the areas of studies and titles of individual projects are summarized.

I. Simulation of Biomolecular Systems

In the area of multi-level simulation of biomolecular systems, in recent years we have studied
structures and reactions of metalloenzyme systems mainly using the active site models in which only the
active site atoms are explicitly included in the QM calculations. In the last few years we have explicitly
included the effects of protein employing the ONIOM QM/MM scheme. We optimized the structures of
intermediates and transition states of enzymatic reactions, and in some cases included the statistical
effects of protein by QM/MM molecular dynamics, In a few examples we have found that the protein
effects completely changed the mechanism of reaction, compared to the active-site models. We also
perform direct dynamics calculations using QM and QM/MM methods to study the primary events of
photochemical processes of biomolecular chromophore. We recently expanded our theoretical studies to
catalytic reactions that take place in the nano cavity created by the protein.

A. Insights into the (superoxo)Fe(III)Fe(III) intermediate and reaction mechanism of myo-inositol
oxygenase: DFT and ONIOM(DFT:MM) study (See research activities of Dr. Hirao)

B. What is the real nature of ferrous soybean lipoxygenase-1? A new two-conformation model
based on combined ONIOM(DFT:MM) and multireference configuration interaction
characterization (See research activities of Dr. Hirao)

C. Zinc-homocysteine displacement in cobalamin-dependent methionine synthase and its role in

substrate activation: DFT and ONIOM study (See research activities of Dr. Abdel-Azeim)
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D. The effect of thermal fluctuation of the protein environment on the free energy reaction diagram
of isopenicillin-N synthase (See research activities of Dr. Kawatsu)

E. Free energy gradient optimization in the ONIOM QM:MM scheme (See research activities of Dr.
Kawatsu)

F. The photodynamic mechanism of GFP chromophores in water and reversibly photoswitchable
fluorescent protein: Dronpa. (See research activities of Dr. L. W. Chung and Dr. Li)

G. The mechanisms of irreversible photoconversion of fluorescent protein: Kaede (See research
activities of Dr. Li)

H. Toward understanding light-driven rotary (bio)molecular motor systems: a theoretical study of
photoisomerization of a stiff stilbene (See research activities of Dr. Liu)

I. Theoretical study of catalysis in bio-nano cavity of protein and in solution(See research activities
of Dr. Ke)

I1. Simulation of Nanomaterials

In the area of simulation of nanomaterials, we continued our research efforts on quantum chemical
molecular dynamics (QM/MD) computations of carbon and other nanostructure formation based on
density functional tight binding (DFTB) method. Single-walled carbon nanotubes (SWNTs) have been
one of representative nanotechnology materials and their various potential applications. Although SWNTs
are known to be efficiently synthesized using metal catalyst, its growth mechanism is still not well
understood. In order to understand interplay among feedstock carbon, nanotube, and metal, we have
implemented growth simulations of metal-catalyzed SWNT using DFTB MD simulations. Previously we
succeeded in simulating continued growth SWNT on Fe cluster in our simulation studies. Since then we
have successfully simulated SWNT growth from scratch (without seed SWNT) under a variety of
conditions and our understanding of the growth process has given insight to its mechanism which has not
been seen previously from either experimental or theoretical studies.

A. Density-functional tight-binding molecular dynamics simulations of nucleation and growth of a
single-walled carbon nanotube on a metal cluster (See Dr. Page’s report for details)

B. Carbon nanotube growth from metal decorated carbon nanocones: density functional
tight-binding based molecular dynamics (DFTB-MD) approach (See Dr. Chandrakumar’s report for
details)

C. Shrinking of hot giant fullerenes in presence of buffer gas: DFTB MD simulations (See Dr. Saha’s
report for details)

D. Formation mechanism of polycyclic aromatic hydrocarbons (PAHs) during benzene
combustions: DFTB MD simulations (See Dr. Saha’s report for details)

E. Growth mechanism for aluminum-catalyzed silicon nanowires: density functional tight binding

molecular dynamics simulations (See Dr. Parameswaran’s report for details)

II1. Method Developments

A. Generalized ONIOM: Truncation and extrapolation of many-body expansion for large systems
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(See research activities of Dr. L. W. Chung)

B. Automated and systematic transition-structure explorer in large flexible molecular systems
based on combined global reaction route mapping (GRRM) and microiteration methods (See
Original paper 16 below, in collaboration with Dr. Satoshi Maeda, who was visiting FIFC as JSPS

Postdoctoral Fellow)

2. Original papers

1. A. J. Page, S. Irle, and K. Morokuma, Polyyne Chain Growth and Ring Collapse Drives Ni-Catalyzed
SWNT Growth: A QM/MD Investigation, J. Phys. Chem. C 114, 8206-8211 (2010). DOI:
10.1021/jp100790e

2. A. J. Midey, T. M. Miller, A. A. Viggiano, N. C. Bera, S. Maeda, and K. Morokuma, Chemistry of VX
Surrogates and Ion Energetics Properties of VX: New Suggestions for VX Chemical Ionization Mass
Spectrometry Detection, Anal. Chem. 82, 3764-3771 (2010). DOI: 10.1021/ac100176r

3. M. Lundberg, Y. Sasakura, G. Zheng and K. Morokuma, Case Studies of ONIOM(DFT:DFTB) and
ONIOM(DFT:DFTB:MM) for Enzymes and Enzyme Mimics, J. Chem. Theo. Comp. 6, 1413-1427 (2010).
DOI: 10.1021/ct100029p

4. H. Hirao and K. Morokuma, What is the Real Character of Ferrous Soybean Lipoxygenase-1? A New
Two-Conformation Model Based on Combined ONIOM(DFT:MM) and Multireference Configuration
Interaction Characterization, J. Phys. Chem. Lett. 1, 901-906 (2010). DOI: 10.1021/jz1001456

5. C.-Y. Liu, X. Wang, T. Furuyama, S. Yasuike, A. Muranaka, K. Morokuma, and M. Uchiyama, Reaction
Mechanism for the LiCl-Mediated Directed Zinc Insertion: A Computational and Experimental Study, Chem.
Eur. J. 16, 1780-1784 (2010). DOI: 10.1002/chem.200902957

6 1. S. K. Kerkines, K. Morokuma, N. Iordanova, and A. A. Viggiano, Experimental and Theoretical Study of
the Reaction of POCI;~ with O,, J. Chem. Phys. 132, 044309/1-9 (2010). DOI: 10.1063/1.3299276

7. S. Sekharan and K. Morokuma, Drawing the Retinal Out of its Comfort Zone: An ONIOM(QM:MM) Study
of Mutant Squid Rhodopsin, J. Phys. Chem. Lett. 1, 668-672 (2010). DOI: 10.1021/jz100026k

8. S. Sekharan, A. Altun, and K. Morokuma, Photochemistry of Visual Pigment in a Gg-coupled
GPCR-Insights from Structural and Spectral Tuning Studies on Squid Rhodopsin, Chem. Eur. J. 16,
1744-1749 (2010). DOI: 10.1002/chem.200903194

9. X. Li, L. W. Chung, H. Mizuno, A. Miyawaki and K. Morokuma, A Theoretical Study on the Natures of the
On- and Off-States of Reversibly Photoswitching Fluorescent Protein Dronpa: Absorption, Emission,
Protonation and Raman, J. Phys. Chem. B, 114, 1114-1126 (2010). DOI: 10.1021/jp909947¢c

10. H. Hirao and K. Morokuma, Insights into the (Superoxo)Fe(Ill)Fe(Ill) Intermediate and Reaction
Mechanism of myo-Inositol Oxygenase: DFT and ONIOM(DFT:MM) Study, J. Am. Chem. Soc.
131,17206-17214 (2009). DOI: 10.1021/ja905296w

11 Y. Ohta, Y. Okamoto, A. J. Page, S. Irle, and K. Morokuma, Quantum chemical molecular dynamics
simulation of single-walled carbon nanotube cap nucleation on an iron particle, ACS Nano, 3, 3413-3420
(2009). DOL: 10.1021/nn900784f

12. A. J. Page, Y. Ohta, Y. Okamoto, S. Irle, and K. Morokuma, Defect Healing during Single-Walled Carbon
Nanotube Growth: A Density-Functional Tight-Binding Molecular Dynamics Investigation. J. Phys. Chem.
C 113, 20198-20207 (2009). DOI: 10.1021/jp905354

13. G. Tamasi, R. Cini, D. G. Musaev, and K. Morokuma, An Experimental and Density Functional Study of
the Sb-C Bond Activation and Organo-Rh Bond Formation from the Spontaneous Decay of [RhCl;(SbPhs);],
Polyhedron, 28, 3675-3684 (2009). DOI: 10.1016/j.poly.2009.07.062

14. A. Altun, S. Yokoyama and K. Morokuma, Color Tuning in Short Wavelength-Sensitive Human and
Mouse Visual Pigments: Ab initio Quantum Mechanics/Molecular Mechanics Studies, J. Phys, Chem. A.
113, 11685-11692 (2009). DOI: 10.1021/jp902754p

15. S. Irle, Y. Ohta, Y. Okamoto, A. J. Page, Y. Wang, and K. Morokuma, Milestones in Molecular Dynamics
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Simulations of Single-Walled Carbon Nanotube Formation: A Brief Critical Review, Nano Res. 2. 755-767
(2009). DOI: 10.1007/s12274-009-9078-8

16. S. Maeda, K. Ohno, and K. Morokuma, An Automated and Systematic Transition-Structure Explorer in
Large Flexible Molecular Systems Based on Combined Global Reaction Route Mapping and Microiteration
Methods, J. Chem. Theo. Comp. 5, 2734-2743 (2009). DOI: 10.1021/ct9003383

17. S. Noda, T. Kochi, L. W. Chung, K. Morokuma and K. Nozaki, Mechanistic Studies on the Formation of
Linear Polyethylene Chain Catalyzed by Palladium Phosphine-Sulfonate Complexes: Experiment and
Theoretical Studies, J. Am. Chem. Soc. 131, 14088-14100 (2009). DOI: 10.1021/ja9047398

18. B. Saha, S. Shindo, S. Irle and K. Morokuma, Quantum Chemical Molecular Dynamics Simulations of
Dynamic Fullerene Self-Assembly in Benzene Combustion, ACS Nano 3, 2241-2257 (2009). DOI:
10.1021/nn900494s. Errata, ACS NAno, 4, 583-583 (2010).

19. P.V. Avramov, D. G. Fedorov, S. Irle, A, A. Kuzubov, and K, Morokuma, Strong Electron Correlations
Determine the Stability and Properties of Er-doped Silicon Quantum Dots, J. Phys. Chem. C 113,
15964-15968 (2009). DOI: 10.1021/jp904996¢

20. S, Osuna, J. Morera, M. Cases, K. Morokuma, and M. Sola, The Diels-Alder Reaction etween
Cyclopentadiene and Cgp: An Analysis of the Performance of the ONIOM Method for the Study of Chemical
Reactivity in Fullerenes and Nanotubes, J. Phys. Chem. A 113, 9721-9726 (2009). DOI: 10.1021/jp904294y

3. Review articles

I. L. W. Chung, X. Li and K. Morokuma, Modeling Enzymatic Reactions in Metalloenzymes and
Photobiology by Quantum Mechanics (QM) and Quantum Mechanics/Molecular Mechanics (QM/MM)
Calculations, in “Quantum Biochemistry”, ed. C. F. Matta, Wiley-VCH, 85-130 (2010).

2. M. Lundberg and K. Morokuma, Determining Transition States in Bioinorganic Reactions, in
“Computational Inorganic and Bioinorganic Chemistry”, ed. E. I. Solomon, R. B. King and R. A. Scott,
John Wiley & Sons, Chichester, UK, pp. 17-32 (2009).

3. M. Lundberg and K. Morokuma, The ONIOM Method and its Applications to Enzymatic Reactions. in
“Multi-scale Quantum Models for Biocatalysis: Modern Techniques and Applications”, ed. D. M. York
and T.-S. Lee, Springer Verlag, pp. 21-78 (2009).

4. K. Morokuma, Theoretical studies of structure, function and reactivity of molecules --- A personal account,
Proc. Jpn. Acad. B, 85, 167-182 (2009). DOI: 10.2183/pjab.85.167

S. Irle, Y. Okamoto, G. Zheng and K. Morokuma, NCC-DFTB Molecular Dynamics Study of Fe/Co/Ni
Catalyst Particle Melting and Carbide Formation During SWCNT Nucleation, in "DFT calculations on
fullerenes and carbon nanotubes", ed. V.A. Basiuk and S. Irle, Research Signpost, 413-434 (2009).

4. Books

None

5. Presentation at academic conferences

Keiji Morokuma, invited, “Density Functional Tight-Binding Molecular Dynamics Simulation of Growth of
Single-Walled Carbon Nanotubes from Metal Cluster”, The Fourth NASA — Rice University — Air Force
Workshop on Nucleation and Growth Mechanisms of Single Wall Carbon Nanotube, Guadalupe, Texas, April 18,
2009

Keiji Morokuma, Invited, “Theoretical studies of chemical reactions — gas phase to nano structure growth”. AFOSR
Contractors’ meeting, San Diego, CA, May 19. 2009.

Keiji Morokuma, invited, “Theoretical studies of chemical reactions: carbon nanotube growth reaction and
enzymatic reactions”. iCeMS International Symposium, Kyoto, Japan, May 29, 2009.

Keiji Morokuma, invited, “Exciting World of Theoretical Studies of Chemical Reactions — From Gas Phase
Reactions to Nano Structures, Catalysts, and Enzymatic Reactions”. Fourth Japan-Czech-Slovakia Theoretical
Chemistry Symposium, Bratislava, Slovakia, September 10, 2009
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FEREZEVR. A1, “GRRM Method — A New Paradigm of Potential Energy Surface Exploration. A Few New
Developments”, & HELZMFIEET MFERTe B FRICREBRREO =2 —T7 0 07 47, RATF,
2009.9.24

6. Presentation at Institutional/Departmental Seminars

Keiji Morokuma, invited, “Exciting World of Theoretical Studies of Chemical Reactions — From Gas Phase
Reactions to Nano Structures, Catalysts, and Enzymatic Reactions”. Seminar for computational chemists in Ho
Chi Minh City. Ho Chi Minh City University of Technology, Vietnam, June 3, 2009

Keiji Morokuma, invited, “Exciting World of Theoretical Studies of Chemical Reactions — From Gas Phase
Reactions to Nano Structures, Catalysts, and Enzymatic Reactions”. Seminar for computational chemists in
Danang. Danang University of Technology, Vietnam, June 4, 2009

Keiji Morokuma, invited, “Exciting World of Theoretical Studies of Chemical Reactions — From Gas Phase
Reactions to Nano Structures, Catalysts, and Enzymatic Reactions”. Seminar for computational chemists in Hanoi,
Hanoi University of Science, Vietnam, June 5, 2009

Keiji Morokuma, invited, “Exciting World of Theoretical Studies of Chemical Reactions — From Gas Phase
Reactions to Nano Structures, Catalysts, and Enzymatic Reactions”. Seminar at St. Petersburg State University,
Russia, June 18, 2009

Keiji Morokuma, invited, “Theoretical Studies of Chemical Reactions — From Gas Phase Reactions to Nano
Structures, Catalysts, and Enzymatic Reactions”, Seminar at Air Force Laboratory, Wright Patterson Air Force
Laboratory. Dayton, USA, July 27, 2009

Keiji Morokuma, invited, “Exciting World of Theoretical Studies of Chemical Reactions — From Gas Phase
Reactions to Nano Structures, Catalysts, and Enzymatic Reactions”. Seminar at L.V. Kirensky Institute of Physics,
Krasnoyarsk, Russia, September 7, 2009.

Keiji Morokuma, invited, “Exciting World of Theoretical Studies of Chemical Reactions — From Gas Phase
Reactions to Nano Structures, Catalysts, and Enzymatic Reactions”. Iligan Institute of Technology, Iligan,
Philippines, November 25, 2009

Keiji Morokuma, invited, “Exciting World of Theoretical Studies of Chemical Reactions — From Gas Phase
Reactions to Nano Structures, Catalysts, and Enzymatic Reactions”. Xavier University, Cagayan de Oro,
Philippines, November 26, 2009

Keiji Morokuma, invited, “Exciting World of Theoretical Studies of Chemical Reactions — From Gas Phase
Reactions to Nano Structures, Catalysts, and Enzymatic Reactions”. University of Santo Tomas, Manila,
Philippines, November 27, 2009

Keiji Morokuma, invited, “Exciting World of Theoretical Studies of Chemical Reactions — From Gas Phase
Reactions to Nano Structures, Catalysts, and Enzymatic Reactions”. Aeteneo de Manila University, Manila,
Philippines, November 27, 2009

Keiji Morokuma, invited, “Exciting World of Theoretical Studies of Chemical Reactions — From Gas Phase
Reactions to Nano Structures, Catalysts, and Enzymatic Reactions”. University of Technology Malaya, Johor,
Malaysia, November 30, 2009

Keiji Morokuma, invited, “Exciting World of Theoretical Studies of Chemical Reactions — From Gas Phase
Reactions to Nano Structures, Catalysts, and Enzymatic Reactions”. University of Malaya, Kuala Lumpur,
Malaysia, December 1, 2009
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1. Summary of the research of the year

In addition to our study on water dynamics, e.g. melting dynamics of ice, we have made two studies
on biomolecular reactions initiated by photon excitation, namely, the proton transfer in Reaction Center
(RC) and the reaction cycle of Photoacive Yellow Protein (PYP). (1) Mechanism of proton uptakes by
the secondary ubiquinone (Qg) in the reaction center of the photosynthetic bacteria, Rhodobacter
sphaeroides, is investigated theoretically. Two protons are transferred to the secondary ubiquinone (Qg)
upon two electron transfers to it. The pathways of the proton transfers are explored through molecular
dynamics and free energy calculations by a molecular mechanical method and potential energy surface
calculations by a hybrid ab initio quantum mechanical/molecular mechanical method. Initial locations
of donor protons are identified at Glu-L212 and at Asp-L210. It is shown that the first proton transfer
takes place from Glu-L212 to Qg through their direct hydrogen-bond, only when the second electron is
transferred to Q. The second proton transfer from Asp-L210 to Qgp proceeds through long-range
hydrogen-bond network bridges connecting them.  The hydrogen-bond network bridges are
occasionally formed with several water molecules in the water molecular structural fluctuation dynamics
of “proton channel”. The activation energy barrier along the second proton transfer path thus formed is
consistent with the experimental rate. It is also found that there exist very strong interactions among
water molecules and a protonated carboxyl group of Asp-L210, suggesting formation of a hydronium ion
in the surrounding of negatively charged acidic groups in the proton channel. (2) Photocycle of
photoactive yellow protein (PYP) is investigated. Upon the photo absorption, the deprotonated
p-coumaric acid chromophore undergoes the isomerization. The protonation of the chromophore and the
deprotonation of Glu46 then occur, and the pB' state is formed. In the previous study (JPCB 111,
2948(2007)), we have shown that not only the alternation of the protonation state of the chromophore
and Glu46, but also the water molecular migration into the protein interior take place during the
formation of pB'. PYP in the pB' state undergoes a wide structural change of the protein structure, and
the putative signaling state pB is then formed. Since this process is very slow and involves large
structural changes, the structure of the pB state and the cause of the structural change has not been
explored. This structural change is investigated by means of MD, steered MD, and new free energy
calculation techniques. We enforce the structural change on the N-terminal region using steered MD
calculations to obtain the structure of pB. We then evaluate the free energy change of the structural
change and show that the displacement of the alpha-helix and the corresponding elongation of the
beta-strand induce the translational displacement of the N-terminal region.

2. Original papers
(1) “Proton-transfer reactions in reaction center of photosynthetic bacteria Rhodobacter sphaeroides”, J.
Phys. Chem. B, 113, 8993-9003 (2009), Yu Kaneko, Shigehiko Hayashi and Iwao Ohmine
(2)  “AMolecular Dynamics Study for the Structure Determination of the “Signaling State in the
Photocycle of Photoactive Yellow Protein”, J. Phys. Chem. B, 114 , 6594—6660 (2010), Motoshi

Kamiya and Iwao Ohmine
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1. Summary of the research of the year

I. Photobiology
The Primary Events of Photodynamics in GFP Chromophores in Water and Dronpa. Application of
green fluorescent protein (GFP) and its variants are vital in biological imaging and analysis. A new class of
photoactivatable fluorescent proteins (FPs), e.g. reversible photoswitching fluorescent proteins (RPFPs),
were developed. Remarkably, fluorescent on-state and non-florescent off-state in RPFPs can be reversibly
switched by irradiating two radiations. Such photochromism in RPFPs advances FP technology and can

potentially become nano applications, e.g. optical data storage.

However, the reaction mechanism for the reversibly photoswitching is unclear, and proposed to be
dictated by protonation state, conformation or non-planarity of the chromophore, as well as intersystem
crossing. On the basis of a kinetic isotope study and crystal structures, two mechanisms were proposed for
photoactivation for Dronpa (Scheme 1). Our recent calculations supported the proposed on- and off-states
(A, and B) and proposed another feasible pathway via photoisomerization coupled with excited-state
proton transfer (ESPT) to the nearby residue Glul44 (Path C in Scheme 1). Contrast with Dronpa, the

neutral and anionic GFP chromophores undergoes ultrafast internal conversion in solutions.

Scheme 1. The proposed mechanisms for Dronpa
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Recently, Li Xin (JST fellow) and I proposed and developed non-adiabatic ONIOM molecular
dynamics (MD) with a fast and efficient approximated surface hopping scheme for two different
electronic transitions, i.e. non-adiabatic crossing (NC) and crossing seam (CS). Accordingly,
the primary events of photodynamics of GFP chromophores in water and in Dronpa have
been studied by our non-adiabatic MD at ONIOM(SA2-CASSCF(6e,60)/3-21G:Amber) and
ONIOM(SA2-CASSCF(10e,100)/6-31G:Amber) levels.

As shown in Table 1, the neutral and anionic GFP chromophores undergo ultrafast internal
conversion in water. In addition, the excited-state life-time for the anionic GFP chromophore
is generally longer than the neutral chromophore, which is consistent with the experiment.
Moreover, as indicated in Table 2, electrostatic and polarization stabilization from the MM
point charges significantly reduce the energy gap and thus promote the crossings. In
particularly, the neutral chromophore has a larger electrostatic and polarization stabilization

than the anionic chromophore.

Table 1. The computed excited-state life-time (ps) and photoproduct of GFP chromophores (N, and A)
in water by ONIOM(SA2-CASSCF(6e,60:MM) MD

N, (QM:CAS(5,6)) A, (QM:CAS(6,6))
NH cs Run NH cs
0.255(N,;,) | 0.597(N) 1(1) | 908(A;,) | 1004(N,,,.)
0.490(N,;,) | 0.522(N,,) 2(1) | 567(Ays) | 695(Agans)

- 0.279(N,;,) 3() | 504(A,,) | 643(A,,)
0.174(Nypane) | 0.238(Nypane) | | 4D - S54(A )
0.401(N,;,) | 0.494(N,) 5(1) | 355(Agans) | 423(Agans)
0.260(N,;,) | 0.326(Nyane) | | 6D - 735(A)
0.213(N,;) | 0.365(Nyrane) 7{h) - 819(Ag)
0.289(N,;,) | 0.338(N,,) &(l) - 961(A;)
0.267(N,) | 0.308(Ny,n) 9() | 519(Ags) | 584(Ag)
0.177(N,,) | 0.235(N,) | [19(P) - 800

Table 2. The solvent stabilization (kcal/mol) at the crossings at ONIOM(CAS:MM) level.

AE N . @water N @water A . @water A @water
(kcal/mol) | QM:CAS(6,6) | QM:CAS(10,10) | QM:CAS(6,6) | QM:CAS(10,10)
Range |-224~.348 | -279~-423 | -105~-319 | -101~-227

Average -27.4 -35.1 -19.2 -16.3

AE = AEg) gyee - AEg1qn)

-no charge

Upon the excitation, for the neutral chromophore, the formal C=C bond is elongated and thus weakened,

while the formal C-C bond is strengthened. Therefore, rotation along the imidazolinone ring takes place only
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(Scheme 2). Moreover, the internal conversion processes can be regarded as two-state two-model, in which
the bond stretching/compression of the two bridging C-C bonds occurs first, followed by changes of torsions

relating to rotation of the imidazolinone ring (Scheme 3).

Scheme 2. Time evolution of the bond distances (left) and dihedral angles related to the two bridging C-C
bonds for the neutral GFP chromophore in water at ONIOM(SA2-CASSCF(6e,60)/3-21G:MM) level.

e
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Scheme 3. Structural changes of the key bond distance and dihedral angle for photoisomerization of the

neutral GFP chromophore in water (left) and Dronpa (right)
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Scheme 4. Optimized twisted intermediates (top) and minimum energy conical intersection (bottom) for
the neutral GFP chromophores by CASSCF(12e,120)/6-31G* level.
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AE(SW oy - 0.04/9.3/12.9
?AE(MEC\ Tict 51y 1.0/4.0/8.0 /

Faster internal conversion for the neutral chromophore than the anionic chromophore is also
supported by geometry optimization in the presence of the explicit water molecules at
CASSCF(12¢,120)/6-31G* level (Schemes 4-6). The presence of the water molecules lowers the energy
gap, especially for the neutral chromophore (Scheme 4). In addition, in the presence of the water
molecules, energy difference between the minimum energy conical intersection (MECI) and the
twisted intermediate is much smaller for the neutral chromophore (Scheme 4) than the anionic
chromophore (Schemes 5-6). Therefore, the neutral chromophore should easily reach the

intersection and this has a shorter excited-state life time.

Scheme 5. Optimized twisted intermediates (top) and minimum energy conical intersection (bottom) for
the anionic GFP chromophores by CASSCF(12e,110)/6-31G* level.

i} AEs;.s0 17.6/7.3114.0
AE gy a0y 29.2/16.3/24.1

Scheme 6. Optimized minimum energy conical intersection for the anionic GFP chromophores by
CASSCF(12e,110)/6-31G*
o~

pyramidal
bridge C

-'.‘2 s {;E(MO): 0.06/7.7/8.4 </

AEgei i sty 7.0/13.8110.3



IV #FZERAR (2009)

II. Extension of ONIOM

Generalized ONIOM: Truncation and Extrapolation of Many-Body Expansion for Large systems:
Evaluating reliable energetic and geometry for large systems are computationally challenging and demanding.
Treatment of the complex systems are generally approximated by two common means: hybrid QM/MM
method (including Morokuma’s ONIOM, see Eqs. 1-3) and fragmentation methods (e.g. FMO). Both
approaches have their own merits and disadvantages. For example, computational cost for hybrid QM/MM
method is smaller, in which one key part of the system is described by the high-accurate QM method.
However, more than one part (transition metals or molecules in different electronic states) of the system can
sometimes play an important role in some metalloenzymes and photobiologies, but they are too
computationally expensive to be described by the high-accurate QM method in the current hybrid QM/MM
method. On the other hand, the common fragmentation approaches is generally based on many-body
expansion approximation. Unfortunately, computational cost for large systems by the high-accurate QM
method via many-body expansion is also high, and dramatically increases with the sizes and numbers of the

fragments.

Extrapolated schemes (ONIOM)

AEONIOM(QM:MM): AEQM,model + AEMM,real - AEMM,model (1)
AEontomm:ov) = AEM modet T AEQM real = AEQM model 2)
AEoniomm:om:mm) = AEoM.model T AEoMint — AEom’ model T AEwMm real = AEnmint 3)

Remarkably, the success of hybrid ONIOM method is constructed and approximated from extrapolation of
energies/gradients for the major parts via less expensive MM or lower QM method. Unfortunately, MM and
lower QM method may not treat transition metals or excited-states for large systems properly. In this
connection, we combined advantages of the extrapolation ONIOM method and many-body expansion
approximation: generalized ONIOM (Scheme 7). In this case, the large systems can be divided into many
units. The (2- or higher-body) interactions of the units in short-range distances are treated by high-accurate
method (such as DFT and MP2). Whereas, the interactions of the units in medium- or long-range distances
are approximated by extrapolation with the lower QM method or/and MM method. Our preliminary testing
showed that our proposed generalized ONIOM can give very similar geometries at a lower computational

cost than the normal full QM method (Schemes 8-9).
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Scheme 7. Schematic layer-separated interactions in generalized ONIOM

Short-range: 2 (or higher) body terms by higher QM method with electron

FaEES
correlation (e.g. DFT, MP2)
AN Medium-range: extrapolated by lower QM method (e.g. HF, semi-empirical)
-

Long-range: extrapolated by lowest QM method (semi-empirical) or MM method

Scheme 8. Optimized butane (right: anti; middle: rotation TS; gauche: right) by full QM and generalized
ONIOM(QM:HF/3-21G). (QM: B3LYP/6-31G* for 1* and 2™ rows; MP2/6-31G for 3™ and 4" rows).
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Scheme 9. Optimized boron-nitrogen nano-tube by full QM (top) and generalized
ONIOM(QM:HF/3-21G) (bottom). (QM: B3LYP/6-31G*).
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2. Original papers

(1) Chung, L. W.; Li, X.; Sugimoto, H.; Shiro, Y.; Morokuma, K. “ONIOM Study on a Missing Piece
in Our Understanding of Heme Chemistry: Bacterial Tryptophan 2,3-Dioxygenase (TDO)”,
submitted.

(2) Li, X.; Chung, L. W.; Miyawaki, A.; Morokuma, K. “The Primary Events of Photodynamic in
Reversibly Photoswitching Fluorescent Protein Dronpa” Manuscript in preparation.

(3) Li. X.; Chung, L. W.; Miyawaki, A.; Morokuma, K. “Photoisomerization of GFP Chromphores in
Water” Manuscript in preparation.

(4) Chung, L. W.; Li, X.; Morokuma, K. “Generalized ONIOM for Large System: Truncation and
Extrapolation of Many-Body Expansion” Manuscript in preparation.

(5) Li. X.; Chung, L. W.; Mizuno, H.; Miyawaki, A.; Morokuma, K. “A Theoretical Study on the
Natures of On- and Off-States of Reversibly Photoswitching Fluorescent Protein Dronpa:
Absorption, Emission, Protonation and Raman” J. Phys. Chem. B 2010, 114, 1114.
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3. Presentation at academic conferences

(1

2

G3)

4)

)

(6)

Chung, L. W.; Hayashi, S.; Nakatsu, T.; Kato, H.; Morokuma, K. “Mechanism of Efficient Firefly
Bioluminescence via Adiabatic Transition State and Seam of Sloped Conical Intersection”,
American Chemical Society 237th National Meeting, Salt Lake City, Utah, March 2009.

Lung Wa Chung, Xin Li, Keiji Morokuma, “Our ONIOM Journey of Metalloenzymes and
Photobiology” CREST International Symposium on Theory and Simulations of Complex Molecular
Systems, Kyoto, Japan, July 21, 2009.

Lung Wa Chung, Shigehiko Hayashi, Toru Nakatsu, Hiroaki Kato, Keiji Morokuma “Mechanism of
Efficient Firefly Bioluminescence Via Adiabatic Transition State and Seam of Sloped Conical
Intersection” (poster) Simulations and Dynamics for Nanoscale and Biological Systems, Tokyo,
March 5, 2009.

Lung Wa Chung, Shigehiko Hayashi, Toru Nakatsu, Hiroaki Kato, Keiji Morokuma “Mechanism of
Efficient Firefly Bioluminescence Via Adiabatic Transition State and Seam of Sloped Conical
Intersection” (poster) Reaction Dynamics of Many-Body Chemical Systems, Kyoto, June 23, 2009.
Lung Wa Chung, Xin Li, Hiroshi Sugimoto, Yoshitsugu Shiro, Keiji Morokuma “DFT and ONIOM
Studies on a Missing Piece in Our Understanding of Heme Chemistry: Bacterial Tryptophan 2,
3-dioxygenase” 14" International Conference on Biological Inorganic Chemistry, Nagoya, July
26-29, 2009.

Lung Wa Chung, Xin Li, Hiroshi Sugimoto, Yoshitsugu Shiro, Keiji Morokuma “DFT and ONIOM
Studies on a Missing Piece in Our Understanding of Heme Chemistry: Bacterial Tryptophan 2,
3-dioxygenase” Molecular Theory for Real Systems, Kyoto, January, 7-9, 2010.

4. Book Chapter

(M

2

Chung, L. W.; Li, X.; Morokuma, K. “Modeling Enzymatic Reactions in Metalloenzymes and
Photobiology by Quantum Mechanics (QM) and Quantum Mechanics/Molecular Mechanics
(QM/MM) Calculations,” In “Quantum Biochemistry” Matta, C. Eds. WILEY-VCH Verlag GmbH
& Co. KGaA, Weinheim, 2010, pp85-130.

Li, X.; Chung, L. W.; Morokuma, K. “Modeling Photobiology Using Quantum Mechanics (OM)
and Quantum Mechanics/Molecular Mechanics (QM/MM) Calculations,” In “Computational
Methods for Large systems: Electronic Structure Approaches for Biotechnology and
Nanotechnology ” Reimers, J. R. Eds. Wiley, 2010, pp342-373.
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1. Summary of the research of the year FY2009

(A) Formation mechanism of polycyclic aromatic hydrocarbons (PAHs) during benzene
combustions: DFTB MD simulations

High temperature quantum chemical molecular dynamics simulations on the polycyclic
aromatic hydrocarbons (PAHs) formation during combustion of benzene were performed using the
density-functional tight-binding (DFTB) method. Systems with varying H/C 0f 0.8, 0.6, 0.4 and 0.2
and temperatures T, = 2500 K and T, = 3000 K were employed for the study of the PAH formation
and growth mechanism, and trajectories were analyzed by recording average C:H compositions,
common elementary reactions and molecular species, ring count, and other characteristic quantities
as functions of time. We found that at H/C = 0.8 mostly short polyacetylenic hydrocarbons were
formed, and no significant PAH growth was found. At lower H/C ratio, longer polyacetylenic
chains started to form and new 5-, 6-membered rings were created due to chain entanglement.
Significant PAH growth forming only peri-condensed PAHs was observed at lower H/C ratios of
0.4 and 0.2.

produced by fragmentation of hydrocarbons (unimolecular reactions) and remain common species,

In addition, smaller hydrocarbon species, such as C;H,, C;H, and C,, are constantly

although they are simultaneously consumed by HACA growth mechanism. Hydrogen is found to

have a clear inhibitive effect
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Fig. 1 Hydrocarbon formation and growth with time for T, = 2500 K. Each
point corresponds to a species of the form CHy. The (red) line corresponds to
the H/C ratio of over all system. Data points plotted for 10 simulations.

propagate up to a total
simulation time of 70.06 ps.
The effects of H/C ratio by
considering H/C = 0.8, 0.6,
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3000 K on the formation and growth mechanism were analyzed by recording average C:H
compositions, most common elementary reactions and molecular species, ring count, and other
quantities as a function of time. The effect of H/C ratio on the PAH growth process is shown in
Fig. 1. We found no significant PAH growth at an H/C ratio of 0.8. At this ratio, only linear
small hydrocarbons were formed at T, = 3000 K although small PAH with two or three rings are
present for T, = 2500 K. Hydrogen is found to have a clear inhibitive effect on PAH and carbon
cluster growth in general, in agreement with recent experimental observations. Faster growth
occurs at lower H/C ratios. At the end of the simulations, larger PAH with fused 5/6/7-membered
rings were formed, with polyacetylyne-like structures attached. In agreement with the HACA
reaction mechanism, C, and C,H are the most abundant species for all H/C ratios, however, this is
not the only route for PAH growth. Other, more complex reaction mechanisms were found to
contribute to the growth process.

A significant amount of sp-hybridized polyyne-like carbon species remains present up until
all hydrogen atoms are removed. The C:H composition of the growing PAH radical species from
polyacetylene-like open-chain radical species differs rather little from the H/C ratio of the system,
and no tendency towards formation of maximally condensed PAH systems was observed. This
finding stands in remarkable contrast to the hypothesis of ordered PAH growth following
thermodynamically most favorable species, and emphasizes the necessity to consider growth
mechanisms that involve open-chain and pentagon-containing intermediate species. It can be
expected that upc.)n cor.ltmuatlon v o - % ~ 5
the presented simulations for ﬁ .& 2 “,g f; Q -Z»r}
longer time with same H/C ratio, o 'Q & J?Q | %‘ ,;i - 4_‘&%
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mechanism of a PAHs are shown Fig.2 Snapshots of PAH formation and growth mechanism. Arrows
using selected snapshots from a

representative trajectory with T, =

2500 K with H/C =0.2 in Fig. 2.  We observe that the created radical species (either due to thermal
decomposition or due the programmed H removal) with ring structure easily forms
polyacetylene-like structures (5.00 ps, 5.40 ps, 8.55 ps, 10.00 ps). These polyacetylene-like
structures may grow further by reacting with other polyacetylene-like structures, radical species or
benzene molecules present in the system (15.01 ps, 20.02 ps, 24.08 ps). Usually most of the rings

q 3254ps ‘

denote region where the mentioned event is observed.
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open to form polyacetylene-like structures, and only very few ring could survive (20.02 ps, 24.08
ps). Thus these polyacetylene-like structures assemble themselves to form larger and branched
polyacetylene-like structures (24.08 ps). Therefore in some cases an original 6-membered ring can
be attached to a polyacetylene-like structure. In the situation where there is no original
6-membered ring, the polyacetylene-like structures can catch each other to form new ring 5-, 6-, or
7-membered rings (24.65 ps). Once a ring (usually 5- or 6-membered) is formed, the further ring
condensation proceeds quite fast (24.65 ps, 24.77 ps, 25.02 ps, 26.33 ps, 27.91 ps, 30.05 ps, 30.39
ps, 32.24 ps, 32.54 ps). The formation of the first aromatic ring is a crucial event in the formation
process of PAH and soot in flame. The snapshot shown at 32.54 ps consists of two 5-membered
rings, five 6-membered rings and one 7-membered ring and polyacetylyne-like structures attached
with this. These polyacetylene-like structures (may) help further ring condensation and growth
processes. Thus a pre-formed PAH may catch a polyacetylene-like structure at high temperatures.
The above-mentioned stages can be presented as follows. In the first stage C¢H, (n < 6) radical
species are created and subsequently polyacetylenic chains form. In the next stage, these linear
chains occasionally react to form branched polyacetylene-like structures, typically initiated by
radical centers present somewhere on the chain of carbon atoms. In the third stage these branched
polyacetylene-like structures form new 5-, 6-, 7-membered or larger rings due to ring condensation,
depending on the availability of the free valences. In the fourth stage, further ring condensation
growth occurs around this newly formed condensed ring system to form peri-condensed rings, and
the size of the m-system increases while sp-type carbon converts to sp>-type. At higher
temperature, we notice a preference for hexagon creation over pentagons, resulting from annealing
transformations that occur simultaneously with ring condensation.

(B) Shrinking of hot giant fullerenes in presence of buffer gas: DFTB MD simulations

Density functional tight binding (DFTB) molecular dynamics simulations have been performed
by annealing hot giant fullerenes in presence of buffer gases, such as Helium and Argon. The
interaction potential (L-J) for carbon and buffer gas are taken from literature. Cluster size and
structural changes are analyzed and discussed. It is observed that the explicit use of buffer gas
helps to shrink the giant fullerenes faster and eventually may form smaller fullerenes, e.g., Cso, Co
etc. The shrinking process occurs almost exclusively via emission of C2 unit from the giant
fullerenes.  Ring transformations are
occurred following general Stone-Walls
(GSW) type transformation and thus the
defects due to 7-, 8-membered, or higher 51816 (0.00 ps) 6161615 (0.58 ps) 6161615 (1.45 ps)

. 6,>6:+8
membered rings are healed up. These
simulations show that the explicit use of
buffer gas during annealing is helpful for
formation of smaller fullerenes. \ X :

It is observed that the shrinking of 12 (62.17 ps) 58/7 (62.45ps)  5|7|6 (62.46 ps)  5|7|6 (62.60 ps)

giant fullerenes due to annealing at high Ci2a>CoustCy

temperature occurs in two stages: (i) fall Fig.3 C2 fragmentation mechanism from giant fullerenes. Arrows
of side chain and (ii) C2/C4 pop-out. denote region where the mentioned event is observed. Different

C . colors are used to present C atoms for clarity.
Shrinking  process  occurs  almost P v
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exclusively via C2 emission from the giant fullerenes. Ring transformations and subsequent C2
fragmentations are occurred following general Stone-Walls (SW) or non-SW type transformation
and thus the defects due to 4-, 7- or higher membered rings are healed up and hence n-conjugation
increases. Snapshots representing C2 fragmentation mechanism is shown in Fig. 3 which shows
subsequent C2 fragmentations from a giant fullerene. It is also observed that the appearance of sp’
carbon has important role in the fragmentation process. It appears that simulations with buffer gas
show faster shrinking compared to simulations using velocity scaling thermostat.

2. Original papers

1. B. Saha, S. Irle, K. Morokuma, “Formation mechanism of polycyclic aromatic hydrocarbons
(PAHs) in benzene combustion: Quantum chemical molecular dynamics simulations”, J.
Chem. Phys. 132, 224303 (2010)

2. B. Saha, S. Shindo, S. Irle, K. Morokuma, “Quantum chemical molecular dynamics
(QM/MD) simulations of fullerene from benzene”, ACS Nano 3, 2241 (2009)

3. Presentation at academic conferences

1. 239th ACS National Meeting, San Francisco, CA, USA, March 21-26, 2010 - Fullerene
self-assembly in benzene flame: Density functional tight-binding (DFTB) MD Simulations
(poster) - B. Saha, S. Irle, K. Morokuma

2. International Symposium on Molecular Theory for Real Systems, Fukui Institute for
Fundamental Chemistry, Kyoto University, Japan 7-9 Jan., 2010 - Shrinking of hot giant
fullerene in presence of buffer gas: DFTB MD simulations (poster) - B. Saha, S. Irle and K.
Morokuma

3. CREST International Symposium on Theory and Simulations of Complex Molecular Systems,
Fukui Institute for Fundamental Chemistry, Kyoto University, Japan, 19-21 July, 2009 —
Annealing of giant fullerene in presence of buffer gas: DFTB/MM MD simulations (poster) - B.
Saha, S. Irle, K. Morokuma

4. Others
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Hajime HIRAO
FIFC Fellow, Fukui Kenichi Memorial Research Group 1

1. Summary of the research of the year

Hybrid Quantum Mechanical and Molecular Mechanical Studies of Metalloenzymes:
Characterization of Elusive Intermediates and Elucidation of Reaction Mechanisms

Metalloenzymes are finely tuned catalytic machines that drive energetically unfavorable reactions under mild
conditions, often with surprisingly high selectivity. Understanding the catalytic functions of metalloenzymes
is of considerable scientific importance, and the knowledge gained from fundamental studies would open up
new avenues for practical applications such as rational design of potent enzyme inhibitors and development
of powerful biomimetic transition-metal catalysts. My long-term research goal is to contribute to both of
these scientific and practical aspects of bioinorganic chemistry via computational studies. Two prerequisites
for understanding metalloenzyme functions are full characterization of intermediates in their catalytic cycles
and elucidation of the catalytic reaction mechanisms at the atomic level. Hybrid quantum mechanical (QM)
and molecular mechanical (MM) methods such as ONIOM(QM:MM) have useful roles to play in these
efforts. With this in mind, I have been applying hybrid methods to a wide range of metalloenzymes. This
year, my research focus was on two metalloenzymes, myo-inositol oxygenase (MIOX) and soybean

lipoxygenase-1 (SLO-1), both of which are physiologically important iron enzymes.

1-1. Insights into the (Superoxo)Fe(II)Fe(Ill) Intermediate and Reaction Mechanism of
myo-Inositol Oxygenase: DFT and ONIOM(DFT:MM) Study

myo-Inositol (MI) is a structural component of inositol phosphates and phosphoinositides that are known to
serve as second messengers to mediate important cellular processes including insulin action. Accumulated
evidence indicates that depletion of the intracellular level

. . . . L o OH OH O~ OH
of MI is associated with various diabetic complications ]

OH ° OH
. MIOX _ .
such as nephropathy, retinopathy, neuropathy, and cataract. 6 @ ﬁ O=CHOH + H
. . . OH
MI is degraded via conversion to D-glucuronate (DG), OH o He® OH

which is the first committed step in MI catabolism myo-inositol D-glucuronate
(Scheme 1). This MI-to-DG oxidative conversion was  Scheme 1. MIOX catalyzed reaction.

found to proceed predominantly in the kidney catalyzed by

MIOX, and it was also shown that MIOX is expressed, albeit at much lower levels, in extra-renal tissues
where diabetic complications occur. It is therefore conceivable that the MIOX function somehow regulates
the MI level and thereby plays a critical role in the pathogenesis of diabetic complications. Despite the
apparent biomedical and chemical significance of MIOX, its molecular details are still largely unclear,
although recent experiments showed that MIOX is a diiron enzyme and utilizes a (superoxo)Fe(II)Fe(I1I)

intermediate as a reactive species. In this study, the (superoxo)Fe(IIT)Fe(III) reactive species and the catalytic
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reaction mechanism of a diiron enzyme, myo-inositol oxygenase (MIOX), were theoretically investigated by
means of density functional theory (DFT) and ONIOM quantum mechanical/molecular mechanical
(QM/MM) approaches. The ground state of the (superoxo)Fe(Il)Fe(Ill) intermediate was shown to have a
side-on coordination geometry and an S = 1/2 spin state, wherein the two iron sites are antiferromagnetically
coupled while the superoxide site and the nearest iron are ferromagnetically coupled. The initial step of the
reaction, namely H-abstraction (Fig. 1), was theoretically characterized in detail, through the computations of
the reaction pathway and kinetic isotope effect.
Furthermore, subsequent steps leading to a
D-glucuronate product were proposed based on
ONIOM computational results. It was found that
the enzyme surrounding plays an essential role in

the catalysis. The unique role of the bridging

hydroxide ligand as a catalytic base was also
identified.

Fig. 1. Initial step of the reaction (H-abstraction).

1-2. What is the Real Nature of Ferrous Soybean Lipoxygenase-1? A New Two-Conformation
Model Based on Combined ONIOM(DFT:MM) and Multireference Configuration Interaction
Characterization

Soybean lipoxygenase-1 (SLO-1) is a nonheme iron enzyme that
oxidizes linoleic and linolenic acids to yield the corresponding
hydroperoxides. SLO-1 has served as a model for dissecting the
structure and function of lipoxygenases, which are ubiquitously
distributed in plant and animal kingdoms. Past studies have

demonstrated that SLO-1 exhibits a variety of intriguing features and

phenomena, including a unique coordination sphere around the Fe(II)

site. Crystallographic studies have converged onto the view that Fig. 2. Two conformations of

SLO-1 found in this study.
ferrous SLO-1 has six ligands, with one of the ligands, Asn694, being ounc i fus stucy

only loosely bound. However, the circular i
(a) Theory (b) Experiment

dichroism (CD) and magnetic circular dichroism ; Ty l
0.2

(MCD) studies indicated that ferrous SLO-1 exists

6-coordinate

R(length) (10140 cgs)
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concerning the nature of ferrous SLO-1. Therefore,
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we have theoretically characterized ferrous SLO-1
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Fig. 3. Theoretical and experimental CD spectra.
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conformations found theoretically in this study, Conf-A and Conf-B (Fig. 2), were shown to have almost

equal stability but have quite different geometries, with short and long Fe-Ogo4 distances, respectively. While

neither of the geometries agreed well with the crystal structure of the enzyme, an averaged geometry showed

excellent agreement. This result indicates that the crystal structure reflects a mixture of these two

conformations. Furthermore, the calculated circular dichroism (CD) spectra for Conf-A and Conf-B were

found to agree well with the two experimental spectra obtained previously for putative “six-coordinate” and

“five-coordinate” forms of ferrous SLO-1, respectively (Fig. 3). We thus propose that, in both the crystal for

X-ray analysis and the solution for CD analysis, Conf-A and Conf-B coexist.

2. Original papers

(1

2

Hajime Hirao and Keiji Morokuma

Insights into the (Superoxo)Fe(Ill)Fe(Ill) Intermediate and Reaction Mechanism of
myo-Inositol Oxygenase: DFT and ONIOM(DFT:MM) Study

J. Am. Chem. Soc. 2009, 131, 17206-17214.

Hajime Hirao and Keiji Morokuma

What is the Real Nature of Ferrous Soybean Lipoxygenase-1? A New Two-Conformation
Model Based on Combined ONIOM(DFT:MM) and Multireference Configuration
Interaction Characterization

J. Phys. Chem. Lett. 2010, 1, 901-906.

3. Presentation at academic conferences

(1)

)

3)

4)

)

Hajime Hirao and Keiji Morokuma (Poster: 2P46)

“DFT £ & ONIOM(DFT:MM)i% % H V72 myo-inositol oxygenase (Z B3 25 4F48

%12 BB L5 RS (Theoretical Chemistry Symposium), Tokyo, May 29, 2009.
Hajime Hirao and Keiji Morokuma (Poster: P6)

“ONIOM studies of biological molecules: myo-inositol oxygenase”

International Symposium on Reaction Dynamics of Many-Body Chemical Systems
(RDMCS2009), Kyoto, June 23, 2009.

Hajime Hirao and Keiji Morokuma (Poster: P-12)

“DFT and ONIOM(DFT:MM) studies of myo-inositol oxygenase”

CREST International Symposium on Theory and Simulations of Complex Molecular
Systems & International Symposium on Theory of Molecular Structure, Function and
Reactivity, Celebrating Prof. Morokuma's 75th Birthday, Kyoto, July 20, 2009.

Hajime Hirao and Keiji Morokuma (Poster: P526)

“DFT and ONIOM(DFT:MM) studies of myo-inositol oxygenase”

ICBIC 14, Nagoya, July 27, 2009 (J. Biol. Inorg. Chem. 2009, 14 (Suppl 1), S526).

Hajime Hirao and Keiji Morokuma (Oral: COMP-020)
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(6)

(7

(8)

“DFT and ONIOM(DFT:MM) computational studies of myo-inositol oxygenase: Insights
into the (superoxo)diiron(I1I/II1) intermediate and reaction mechanism”

238™ ACS National Meeting, Washington, DC, August 16, 2009.

Hajime Hirao and Keiji Morokuma (Oral: 1E-03)

“myo-Inositol oxygenase (Z 39 % BREmAYHFZE”

55 59 IS AL A= (59th JSCC Annual Meeting), Nagasaki, September 25, 2009.
Hajime Hirao and Keiji Morokuma (Poster: 48)

“DFT and ONIOM(DFT:MM) studies of myo-inositol oxygenase”

International Symposium on “Molecular Theory for Real Systems”, Kyoto, January 7,
2010.

Hajime Hirao (Oral: INV-1, Invited)

“QM/MM computational studies of metalloenzymes: Characterization of elusive
intermediates and elucidation of reaction mechanisms”

14™ International Annual Symposium on Computational Science and Engineering
(ANSCSE14), Chiang Rai (Thailand), March 24, 2010.

4. Others

4-1. Other presentations

(1)

2)

Hajime Hirao and Keiji Morokuma (Poster: 3)

“DFT and ONIOM(DFT:MM) studies of myo-inositol oxygenase”

7™ FIFC Symposium, Kyoto, December 4, 2009.

Hajime Hirao (Oral)

“QM/MM computational studies of metalloenzymes: Characterization of elusive
intermediates and elucidation of reaction mechanisms”

7" FIFC Seminar, Kyoto, February 4, 2010.

4-2. External research grants

(1) Startup Grant for Young Researchers (Kyoto University)

(2) Kurata Grant (The Kurata Memorial Hitachi Science and Technology Foundation)
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1. Summary of the research of the year (3-5 pages, includes appropriate figures and tables)

I. Theoretical Study of Catalysis in Organometallic Systems

Polyenes with m-conjugated backbones

Scheme 1. Catalyzed Polymerization of Phenylacetylene
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susceptibility,
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with  potential
optical
and  magnetic

The  Rh-catalyzed

polymerization is one of the most powerful methods to synthesize polyenes (Scheme 1).
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Fig 1. Backgroup of Mechanistic Problems in Rh-Catalyzed Polymerization of Phenylacetylene.

In contrast to numerous experimental efforts in the past decades,

the polymerization

mechanism still remains a subject of discussion (Fig. 1). The Rh'/Rh"-insertion, and metathesis

mechanism involving a Rh'-carbene species were both proposed in the literature. The relationship

Scheme 2. Transformations between Different Plausible Active Species in the Solution.
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ph\\ \ mechanistic information which is helpful for advancing the
CR“Q{ ] P M design of new efficient and stereospecific catalysts for polyenes.

2=—FPh

CRhi\:M e CR“'>_<NW Our studies have revealed that Rh'-insertion is the most
feasible mechanism for the Rh-catalyzed polymerization of
[CR“:"?S}J T phenylacetylene, although the formation of Rh', Rh ™ and
CR”‘ & Ph G"‘ Rh!-carbene species are Eletronie Effect Storic
: ~20 kealimol “— 3" all  thermodynamically o E

H Ph

-
and kinetically feasible Sé‘%%? <Q ;Rn>?:H ,/ﬁ

Ph
3
CRW& P H in the reaction solution
N

- .
Gh..r' CR""' (Scheme 2). The %% ‘
N ~30 keal/mol barriers of  the S0

Fig 2. Reaction Mechanisms for the

propagation steps for o Lumo

Rh-Catalyzed ~ Polymerization — of Rhl-insertion,

e
Phenylacetylene. . ) o
RhIII-msertlon and %g:g w
Rh'-carbene metathesis are calculated to be around 10 — oo

-0.190

D.231 HOMO

kcal/mol, 30 kcal/mol and 20 kcal/mol, respectively (Fig.
. . . Fig 3. Origin of the Selectivity in

2). For the Rhl-insertion mechanism, monomer
. . Rh-Catalyzed Polymerization of

phenylacetylene prefers a 2,1-insertion rather than a

. . . . . . Phenylacetylene.

1,2-insertion, leading to a head-to-tail cis-transoidal
poly-phenylacetylene, in good agreement with experimental observations. The origin of the
selectivity is from the electronic effect and steric Effect in the transition state (Fig. 3). The former
favors an electrophilic attack of n* orbital of phenylacetylene to the © electrons of alkenyl group;
the latter dislikes the steric repulsion between phenyl group in phenylacetylene and the propagation

chain.
I1. Theoretical Study of Catalysis in Bio-Nano Cavity of Protein

The interface between bio and nano chemistry has

Catalysis in Well-Defined “Matrix” . .
£ become one of the most promising fields for its
application in biology and nano-materials. Proteins
are able to form different cavities with size ranging

I, from tens to hundreds of nanometers. One of the

Ph

significant applications is to make a confined

reaction space for catalysis by encapsulating

. catalyst into these protein cavities. It has the
Fig 4.  Rh-catalyzed  Polymerization  of

. , » potential to become a promising strategy to develop

Phenylacetylene in Nano-Cavity of apo-Ferritin o )
novel catalysis in well-defined “matrix”. Recently,
Abe et al. reported that the spherical protein, apo-Ferritin, immobilized with rhodium complexes are

able to catalyze the polymerization of phenylacetylene, providing polymers with restricted
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molecular weight and a narrow molecular weight distribution in the reaction space of the protein.
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Fig. 5. Ri', Rh™ and Rh'-Carbene Binding Sites in apo-Ferritin

Around 60 molecules of
rhodium complexes are
suggested to be
immobilized on the
interior surface of the
protein. These binding
sites can be roughly
divided into three types.
However, it is still
unknown which bind
of the rhodium

complexes are the active

sites

sites for the
polymerization, and how

they initiate the

polymerization. To provide insight into the polymerization behavior in the bio-nano reaction space

and to reveal the factors that controlling the selectivity and the restricted molecular weight of the

polymerization, QM/MM studies were carried out on the Rh-catalyzed polymerization of

phenylacetylene in nano-cavity of Ferritin (Fig. 4).
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Different plausible active sites were constructed for the polymerization in binding site C, D
and E (Fig. 5). Site C and D should be four-coordinated Rh' and Rh'-carbene centers, Site E
should be a six-coordinated Rh™ center. Our studies suggested that Site D is the most possible
active site for the polymerization. As shown in Fig. 6, dissociative Rh'-insertion from site D is the
most feasible mechanism with an insertion barrier of ~ 9 kcal/mol. There is no recombination of the
active center back to the histidine residue after the insertion. The abstraction of Rh-complex from
histidine to a hydrophobic pocket (Phe50, Lys143 and Leul71) nearby plays an important role in
the dissociative Rh'-insertion polymerization in site D. The ejection of Rh-complex from site D
during the coordination of phenylacetylene monomer releases a true active site for the
polymerization. On the contrast, Rh'-carbene metathesis polymerization in site D has to overcome a
barrier of ~ 35 kcal/mol. In Site C, Both Rh'-insertion polymerization (barrier, ~ 20 kcal/mol) and
Rh'-carbene metathesis polymerization (barriers ~ 22 kcal/mol) are less favorable than Rh'-insertion
polymerization in site D. Rh'"-insertion in site E is calculated to be the least possible
polymerization mechanism. The coordination of phenylacetylene to the crowded Rh™ center is
difficult, and the insertion barrier is higher than 45 kcal/mol. Rh'-insertion polymerization in site D
favors a 2,1-insertion, producing stereospecific polymers, consistent well with the experimental

observations.

2. Original papers
(1) Zhuofeng Ke, Keiji Morokuma, “Rh-Catalyzed Polymerization of Phenylacetylene: a
Panoramic View on the Reaction Mechanism and Stereochemistry by DFT” manuscript in

preparation.
3. Presentation at academic conferences

(1) Zhuofeng Ke, Keiji Morokuma. "On the Mechanism and Stereochemistry of the
Rh-Catalyzed Polymerization of Phenylacetylene" The International Symposium on
“Molecular Theory for Real Systems”, Kyoto, Japan. Jan 7-9. 2010. (poster)

4. Others

(1) Zhuofeng, Ke "Theoretical Study of the Rh-Catalyzed Polymerization of Phenylacetylene:
Insight into the Construction of a Single Polymer Molecule in Nano-Cavity of Protein" The
7th Seminar of Fukui Institute for Fundamental Chemistry, FIFC, Kyoto University, Kyoto,
Japan. Feb. 4. 2010. (talk)

(2) Zhuofeng, Ke "Applications of Theoretical Chemistry in Medicine and Synthesis" Southern
Medicinal University, China. May. 12th. 2010. (talk)

(3) Zhuofeng, Ke "Twins in Chemistry: Story about the Conjunction of Theory and
Experiment" Sun Yat-sen University, China. May. 13th. 2010. (talk)
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(4) Zhuofeng Ke, Keiji Morokuma. "On the Mechanism and Stereochemistry of the
Rh-Catalyzed Polymerization of Phenylacetylene" The 7th Symposium of Fukui Institute
for Fundamental Chemistry, FIFC, Kyoto University, Kyoto, Japan. Dec. 13. 2009. (poster)
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Tsutomu KAWATSU
JST Fellow, Fukui Kenichi Memorial Research Group 1

1. Summary of the research of the year

The effect of thermal fluctuation of the protein environment on the free energy reaction
diagram of isopenicillin N synthase

The protein environment can have significant effects on the enzyme
catalysis even though the reaction occurs locally at the reaction
center. The effect includes the static and dynamic contributions.
Compared to a single configuration description, the dynamical
contribution changes the potential diagram. We have analyzed two
origins of the dynamic contribution named statistical and geometric

effects. First, the average protein geometry has changed in the room

temperature with the solvent compared to the static structure. .

) . ] ) Fig.1: Structure of IPNS
Second, environmental interactions fluctuate and certain
geometries mainly contribute to free energy in the statistical effect. For some reaction steps, the
most important dynamical contribution is caused by such statistical effect, while for other steps

the most important factor is a change in geometry

L. Energy Diagram
compared to the optimized structure. In present » i dus
study, we have estimated the contributions of each . % /3 s O,OIE,,-IW
g 1 2 f cleavage
protein residue on the statistical and geometric 3. . 55 T5 iF 5% 9 aikes
g 161 ‘ Energy differences (kcal/mol) \ ‘
effects. | i
20 | —omiommME ReSP)
—— ONIOM-ME (RESP) + FEP
25 9
30 ) Reaction coordinate H,0 release

In our former study, we have computed an efficient

scheme that includes the dynamic contribution of the  pig 9: First half of the Free energy

protein, as a complement to the static effect obtained  yeaction diagram of TPNS. Bold
from static ONIOM QM:MM calculations. This is

done by applying an MM-level (classical)

numbers indicate stationary states.

free-energy perturbation (FEP) correction to the potential energy diagram of the non-heme iron
enzyme isopenicillin N synthase (IPNS). The FEP method is used to evaluate the protein effect
for eight different reaction steps, from the initial O, bound state to formation of a high-valent
ferryl-oxo intermediate. IPNS (Fig.1) is an important enzyme for catalyzing penicillin in
biological system. Lundberg et al. have determined its reaction diagram using quantum
chemical approach and ONIOM(QM:MM) method (Fig.2, blue line)[1]. ONIOM(QM:MM)
includes high level quantum chemical (QM) calculation for the reaction center and low level
molecular mechanics (MM) calculation for the interaction between the reaction center and its

— 100 —
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protein environment. We have added the free energy contribution from thermal fluctuation of
the protein environment on the reaction diagram using free energy perturbation (FEP) method.
Figure 3 redline shows the results of the free energy diagram (ONIOM-ME+FEP) with static
energy diagram (ONIOM-ME). Significant difference is at a barrier from 5" to 6™ states for

0-0 bond cleavage. Computed free energy corrections include several kinds of physical effect.

We have analyzed the statistical and geometric effects comparing three types of interaction

differences between the reaction center and others. The statistical effect is caused by the

geometry fluctuation. The geometric effect on 5 — T

60 dF_XY-<dH_XY>
&= dE_XY-<dH_XY>
Une G\efé/\ P

the change of the potential energy is caused by

the temperature and solvent. AF is the free

energy difference between two states that
includes both types of above effects. AE is the
potential energy difference that excludes these.

And <AH> that is an average value of the

Statistical and geometrical contribustion (kcal/mol)

interaction difference between two states over -10 L L ! ! ' ' ' L

12 23 34 45 56 67 78 89
. . . Pair of XY
the MD simulation. <AH> includes the HEERBAES N

geometric effect but not the statistical effect. We

. .. ) Fig.3: Comparison of statistic and
could estimate the statistical and geometric 8 P

effects, substituting <AH> from AF and AE,
respectively (see Fig.3). When |AE-<AH>| is

geometric effects in the free energy

corrections.

large, the geometric effect is strong. The average geometry of MD simulation energetically
changes from ONIOM optimized geometry. When |AF-<AH>| is large, the statistical effect is
strong. Even though the average interaction between reaction center and bulk is similar to
ONIOM optimized geometry, the thermal fluctuation can present large free energy shift caused
by the statistical effect. First case appears at state pairs of 12, 23, 34, 67 and 78 (bold numbers
indicate stationary states). Second case is at state pairs of 45 and 56.

The geometric effect is caused by the difference between the average geometry in the MD
simulation and optimized static geometry of the protein. We estimated the contribution from
each residue calculating the difference of the interaction change AAH!,(X)=AH., (X)-AE®

in the enzymatic reaction step (see Fig.2). Where AAH! (X) and AE? are the change from
reaction step X to Y of the interaction between the reaction center and protein environment at
average protein geometry in X state, and at optimized geometries, respectively. The superscript
i indicates contribution of residue number i. Namely, AAH!,(X) indicates the how much each
residue contributes to the free energy potential barrier from X to Y in the geometric effect.
Figure 4 shows AAHY,(X) at the reaction steps XY=23 and XY=56. Free energy contributions
of the reaction barrier at these reaction steps are dominated by geometric and statistical effects,

respectively. Numbers indicate dominant residues. However, amplitudes of significant
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AAH,(X) are not much different between these two cases.
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Fig.4: Difference of the interaction shift AAH!,(X) in residue i. X

and Y are stationary points of IPNS enzymatic reaction steps.

On the other hand, the statistical effect is caused by the geometric fluctuation around the
average geometry of the protein environment. When the interaction shift between the reaction
center and the protein environment from a stationary point to another fluctuates strongly, the
statistical effect becomes large. We estimate the largeness of the contribution calculating the
standard deviation of the interaction shift s}, contributed by residue i at the reaction potential barrier

from stationary point X to Y. Where,
st =y {(6H, () - (AR, (X))

indicates the largeness of the statistical effect. Figure 5 shows values of S,, at two reaction steps

Sy
XY=23 and 56 as well as Fig.4 above. In XY=23 of the geometric effect dominant case, SiXY is significantly
smaller than the case of the statistical effect dominant case, XY=56. We notice that most contribution of SiXY

is caused by VDW interaction between the reaction center and the protein environment.
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Fig.5: Standard deviation of the interaction shift s., . Notations

are the same as in Fig. 4.

Comparing two results of Fig.4 and 5, the geometric effect is stable and the strength of the
statistical effect determines which effect dominates the dynamic contribution on the free energy

reaction barrier.

[1] Lundberg, M. et al., JCTC 2009, 5, 220.
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Free energy gradient optimization in the ONIOM QM:MM scheme

In the above study, the geometric effect is free energy difference between zero Kelvin and room
temperature. We have developed programs for free energy gradient optimization method [2] to
obtain the free energy minimized geometry in ONIOM QM:MM scheme. Free energy gradient

is computed as canonical average of potential gradients,
()
or or /[,

We have also tested sequential sampling method [3] to save the sampling time in the
simulation. The method applies the multi-canonical sampling using the same MM sampling set

with different potential made by the QM part. The multi-canonical sampling is,

(AR.r)exp(- AER.)-ER™ 7)),
ool A ),

Where R and rare QM and MM part coordinates. £'is the

potential energy. The superscript of ref describes the

<A(R,r)>R =

reference coordinate.

We have benchmarked free energy optimization for a water
molecule in water sphere =16 angstrom (see Fig.6). The
target molecule is computed in 3BLYP/6-31G(d) level QM
calculation and solvent molecules are in TIP3P MM level.

Fig.6: Test system of the

The MD simulation is controlled in 300K temperature using ~ (re€ energy optimization.

Langevin thermostat with frozen QM molecule.

Optimized results for a water molecule in MM water box are shown in Table 1 (notation is
described in Fig. 7). Because a water molecule has C, symmetry, R; and R, optimized to the
same length in gas phase calculation. However, when surrounding MM water is optimized

together, the symmetry can break and R; and R, become different. On the

other hand, during free energy optimization, potential made by surrounding
water is counted as an average value of canonical ensemble and R; and R, R
become similar values again. We have also tested the sequential sampling

(SS) and obtained reasonable result. We note that the MM water force field

may not good for such small molecular system because we used TIP3P
) . . . Fig.7: Water model
water. That is, the angle of HOH is much inconsistent between QM and

MM molecules in these calculations.
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Vacuum 103.6487 0.96875 0.96875
ONIOM(QM:MM) 103.4697 0.98087 0.98416 0.00429
FEG 102.5059 0.98583 0.98628 0.00045
FEG(SS) 102.6162 0.98533 0.98633 0.00100

[2] N. Okuyama-yoshida, M. Nagaoka, T. Yamabe, Int. J. Quantum Chem., 1998, 70, 95., H.
Hu, Z. Lu, W. Yang, JCTC, 2007, 3, 390
[3] Hao et al. JCP 2008, 128, 034105.

2. Presentation at academic conferences

(1) CREST International Symposium on Theory and Simulations of Complex
Molecular Systems & International Symposium on Theory of Molecular
Structure, Function and Reactivity ~Celebrating Prof. Morokuma’s 75th
Birthday 2009: Poster title: “Thermal fluctuation of the protein
environment influences the potential diagram.”
3. Others

(1) The 7™ Symposium of Fukui Institute for Fundamental Chemistry 2009: Poster title:

“Free energy optimization in ONIOM scheme.”
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Yoshiko OKAMOTO

JST Fellow, Fukui Kenichi Memorial Research Group 1
(To 31 May 2009)

1. Summary of the research of the year

QM/MD Molecular Dynamics study concerning the states of transition metal catalysis during
Single-walled carbon nanotube formation

In spite of more than a decade of scientific struggles, the formation mechanisms of single-walled
carbon nanotubes (SWCNTs) have not been fully understood yet. Meanwhile, their application spreads to
various technologies such as electronic devices and novel materials, and the understanding of formation
mechanisms is highly expected.

Until now, vapor-liquid-solid (VLS) model is considered to be the most possible candidate to explain
their formation mechanisms, however, even within the scheme of this model, there still remains some
controversies as to the diffusion of carbons (Is it surface/bulk diffusion? What are the driving force?), states
of the transition metal catalysis (are they metal or carbide? Are they in liquid or in solid state?) etc. Some
experimental observation suggests that they are in carbide[1,2], some suggests fluctuating crystals[3], while
Harutyunyan et al. observed solid-liquid-solid transition during the SWCNTs growth[4], and concluded that
liquid state is favored for the nanotube growth. However, there are strong arguments whether the catalyst can
be in liquid state when its eutectic point is much higher than the reaction temperatures, and this large
decrease in melting point (Tm) of transition metal catalysts does not seem to be caused by cluster size
effect[5].

We carried out mechanical molecular dynamic study of a system of transition metal (TM) catalysts
(Co/Fe/Ni) with the existence of C,, as well as the study of phase diagrams of Fe catalysts, in order to obtain
some hints for the formation mechanisms of SWCNTs.. QM/MD are carried out using self-consistent-charge
(SCC) density functional tight-binding (DFTB) method developed by Frauenheim et al. [6,7,8]. In this report

we will present main findings of the studies.

1. Solid-Liquid-Solid transition of TM catalysts

We conducted DFTB simulations to study the states of TM catalysts during the carbon ring formations.
Details of the simulation are as follows. Transition metal catalysts
(Co/Fe/Ni) of 38 atoms (truncated octahedron, Fig.1) are placed in a cubic
box of 40 A a side. After annealing about 70ps, one or two C, molecules
are added every 3 to 30 ps. Simulations are continued until total of 110 C,
are added. To realize the anti-bonding character and Fermi broadning, we
introduced electric temperature (Te) of Te=Tn and of 10,000K in the DFTB

simulations. We present here the results of Te=Tn case and adding rate of

Fig.1 TM38 cluster
(Truncated octahedron)

— 105 —



IV #FZERAR (2009)

2C,/3ps. Lindemann criteria [9] is used to analyze the status of TM clusters. Ten trajectories of the same
parameters were simulated. Results of different C, adding rates are given below. In each case, carbon ring
formations and ring condensations were observed for Fe and Ni clusters. However, in contrast to Ni and Fe
clusters, maximum of several rings are observed to be created on Co clusters.
(1) Ring formation statistics

Ring formation statistics are given in Fig.2. Usually, on Fe and Ni clusters, more than 10-30 rings are
found to be formed. Ring condensation starts at about 100ps, after about 60 C, are added in the system. At
higher temperatures, this ring condensation can start earlier, because of the high diffusion rate of carbon

atoms on the TM clusters. Co clusters form only carbides, only up to several rings are observed to be formed.
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(2) Time variations of Lindemann index and correlation between ring formations

In Fig.3 we present the Lindemann index obtained from the snapshots from several time slots. Since

Lindemann index depends on the number of sampling point, it should be obtained from several time slots in
order to ensure that it has sufficient sampling points to obtain the stable value. In Fig.3, we arranged the

figures in the way that the Lindemann index at each time slots almost corresponds to the time in the above
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figures. Usually Lindemann index of 0.1 indicates high mobility of the atoms. The results suggests that as
more carbon atoms are added, initially Fe/Ni atoms start to show higher mobility until the encapsulation of
the catalysts by the carbon atoms. As the encapsulation of TM catalysts occurs, the mobility of the transition
metals go down. These results show exactly the same tendencies as in the Harutunyan’s experiments. This
solid-liquid-solid transition of the catalyst metals might be the ground for the contradicting observations by
many experimentalists. Actually, these C, adding rate are found to be too high in order to form a nanotube,

our study with lower adding rate show similar tendencies in the time variations of Lindemann index.
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Fig.3. Graphs show time variations of Lindemann indices of each metals. For Fe/Ni
clusters, at the beginning, as more carbons are added, Lindemann index becomes
larger and TM atoms have higher mobilities, like in liquid. After the encapsulation
of the cluster, value of the index becomes smaller and TM clusters turn to be in
solid states. Co seems to have completely different characters. Top right figures

show representative snapshots of one trajectory of Fe cluster at various times.
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2. New phase diagrams of Fe cluster.

As in the Harutyunyan’s experiments, catalysts in liquid state are observed in many experiments.
However, the significant decrease of melting temperatures of these clusters have not been successfully
explained by their size effect. Some discussed the possibility of lowering of the melting point by
carbon existence.

In many experiments, cementite iron is observed, but in some experiments, they observe high C
concentration on the catalysts up to 60%. Phase diagram of iron which is widely accepted show
cementite iron as the highest C concentrated complex. Jiang et al. recently suggested a new phase
diagram of Fe-C complex, which has another eutectic points and discussed that the formation of
SWCNTs can be explained by this phase diagram[5]. This new phase diagram might solve some
controversial questions concerning the states of TM catalysts, however, it have been never validated.

Here, we show the result of QM/MD studies on the melting points of small Fe cluster at various C
concentrations. The simulation method is as follows. We prepared a Fe cluster of 70 atoms. Of those 70
atoms, some number of Fe atoms are replaced with C atoms randomly to prepare a cluster of Fe;qC,.
These clusters are annealed for about 48ps, and simulated up to 178 ps at various temperatures.
Lindemann indices of these Fe;(<Cy clusters were examined at various temperatures, and melting point
Tm was determined as the temperatures where lindemann index equals 0.2. Nose-Hoover chain
thermostat was used to control the temperature during the simulations. Obtained phase diagram of Fe

cluster is given in Fig.5. As is obvious from

1150

the Fig.5, as the Fe has more carbon |
Fe,C FeC - Fe6505
. . . 1100 =4
concentration than cementite iron (Fe;C), | e
1050 ! °
which is about 7 weight %, we see dramatic oo " - IF e
3 = —i- Fel5025
decrease in the melting point, by 100-300 £ . | ~m-Fed0030
950 T - —- Fe35C35
degrees. These decreases are much larger 900 : m " - L resoon
. . m o Fe
than the decrease of melting point caused by 850 : Fos¢
. . |
cluster size effect, and seem to explain the 800 e —
0 5 10 15 20 25
liquid state of Fe catalyst during the Weight § carbon
nanotube formation. Fig.5. Fe-C phase diagram obtained by QM/MD

In Fig.5, we see somewhat like another  simulations.
eutectic point, which also support the Jiang’s suggestion that segregation of graphitic structure can be
explained by this eutectic point. The phase diagrams of Ni and Co clusters are now under simulation. In
the future, we need to check Jiang’s other two suggestions concering the driving force of C and rate

limiting step.
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1. Summary of the research of the year

Reversibly Photoswitchable Fluorescent Protein: Dronpa

A GFP-like fluorescent protein, Dronpa, which was engineered from a coral
Pectiniidae, was found to display perfect photochromic properties; the fluorescent
“on”-state and non-fluorescent “off’-state of Dronpa can be reversibly switched by
irradiation of two different wavelengths of light. To understand the detailed
mechanism of the reversibly photoswitching process at the atomic level, we
performed non-adiabatic CASSCF/AMBER molecular dynamics (MD) simulations to
study the primary events of photodynamics of Dronpa (Scheme 1). Nirans in the
off-state Dronpa undergoes ultrafast radiativeless decay via rotation along the
imidazolinone ring. The computed mean lifetime of S; is about 0.66 and 0.87 ps via
non-adiabatic crossing and crossing seam, respectively, which is shorter than the
experiment. The calculated quantum yield for the photoisomerization is about
0.40-0.67, depending on the crossing modes. Whereas, N5 in the on-state Dronpa
takes longer time for the decay via the imidazolinone ring rotation and has smaller
quantum yield for the photoisomerization. In contrast, the chromophore remains
roughly planar for about 20 ps in most of the trajectories for A in the on-state
Dronpa. Remarkably, fast decay of A.s via either rotation along the phenol or
imidazolinone ring was found in the on-state mutant Dronpa (H193T), which shows
the important role of H193 in the on-state wz-Dronpa. Overall, these non-adiabatic

QM/MM MD results are qualitatively consistent with the experiments.
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Irreversible Photoconversion Fluorescent Protein: Kaede

In Kaede, a new class of fluorescent protein, dramatic changes of photo-physical
and chemical properties by UV illumination have been observed in which color of
fluorescence is irreversibly altered from green to red. Unusual photo-induced peptide
backbone cleavage resulting in extending m-conjugation of the chromphore takes
place. Accordingly, two mechanistic pathways (E1 and E2 mechanisms) involving the
N-C, bond cleavage at His62 and deprotonation at the Cg by Glu212 have been
proposed. Here several possible pathways (Scheme 2) are explored by
ONIOM(B3LYP:AMBER) calculations. The results reject the concerted E2-type
pathway. Instead, the stepwise E1 and new Elcb mechanisms are suggested to occur
and may compete in the electronic ground state. Absorption for the green- and

red-type chromophore in vacuum and the proteins was also studied.
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2. Original papers

(1) Xin Li, Lung Wa Chung, Hideaki Mizuno, Atsushi Miyawaki and Keiji Morokuma
“A Theoretical Study on the Nature of On- and Off-States of Reversibly
Photoswitching Fluorescent Protein Dronpa: Absorption, Emission, Protonation and

Raman” J. Phys. Chem. B 114, 1114-1126 (2010).

3. Presentation at academic conferences

(1) Xin Li, Lung Wa Chung, Atsushi Miyawaki, and Keiji Morokuma, “A4 Theoretical
Study on the Nature of On- and Off-States of Reversibly Photoswitching Fluorescent
Protein Dronpa”, American Chemical Society 237th National Meeting, Salt Lake City,
Utah, March 2009.

(2) Xin Li, Lung Wa Chung, Piotr Paneth, and Keiji Morokuma “DFT and
ONIOM(DFT:MM)  Studies on Enzymatic ~Mechanism in  Bj>-Dependent
Methylmalonyl-CoA Mutase”, 14™ International Conference on Biological Inorganic
Chemistry, Nagoya, July 26-29, 2009.
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3. Book Chapter
(1) Xin Li, Lung Wa Chung, Keiji Morokuma “Modeling Photobiology Using

Quantum Mechanics (OM) and Quantum Mechanics/Molecular Mechanics (QM/MM)
Calculations,” In “Computational Methods for Large systems: Electronic Structure
Approaches for Biotechnology and Nanotechnology ” Reimers, J. R. Eds. Wiley, 2010,
pp342-373.
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(To 30 Sep. 2009)

1) Research summary of the year

Homocysteine activation by methyltransferase enzymes.

The process of homocysteine (Hcy) activation is a crucial step in the synthesis of
methionine. Three different types of metalloenzyme catalyze the transfer of methyl group to
(Hcy) to produce methionine: 1) Cobalamin-dependent Methionine synthase (MetH), 2)
cobalamin-independent Methionine synthase (MetE), both enzymes catalyze the transfer of
methyl from tetrahydrofolate to Hcy (Banerjee and Matthews 1990, FASEB J., 4, 1450) eq. 1.
The third one is the Betaine-Hcy Methyltransferase (BHM) which uses betaine

(tri-methylglaycine) as a methyl donor eq. 2.

CH3-H4folate + Homocysteine ----- > H4folate + Methionine (1)

Betaine (N,N,N trimethylglaycine) + Homocysteine --->Methionine + N, N dimethylglycine (2)

The three enzymes require zinc for activation and binding of Hcy. MetH and BHM enzymes
share the overall scaffold of the Hcy binding domain and also they share the metal ligands
(Cys)30Zn: in case of MetH the oxygen donor is asparagin residue and is tyrosine in case of
BHM. While MetE does not share any detectable sequence similarity with MetH and BHM
furthermore the active site lies between the tops of the two (Ba)s barrels domains and the

metal ligands are Cys2HisGluZn.
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Extended X-ray absorption fine structure (EXAFS) spectra of native MetE and
MetH confirmed that Zn ions switched from ZnS2NO and ZnS30 to ZnS3N and ZnS4 for
MetE and MetH ligation state respectively upon Hcy binding. (Pearson et al. 1998, J. Am.
Chem. Soc., 120, 8410, and 2001 Biochem., 40, 989).
In MetH and MetE, Hcy binds at the face of the metal opposite to the oxygen-donor ligand,
which moves away from the zinc in the binary Enzyme.Hcy complex.

Based on the available pdb structures, M. Koutmos et al 2008, Proc Natl Acad Sci
U S A. 105, 3286, proposed large zinc displacement in the catalytic cycles of both MetE and
MetH, resulting in inversion of metal geometry as Hcy binds and displaces away the
oxygen-donor ligand from the protein. They also interpreted the pdb structure 1XDJ of MetE
enzyme which was obtained under acidic conditions (PH=5.2) is the possible transition-state
mimic structure. In this structure the Zn coordination is a distorted trigonal-bipyramidal with
Zn positioned approximately halfway between Glu642 and Hcy.
We focus here on MetH and MetE enzymes as they use the same substrate (Hcy and folates)
in their catalytic cycle. The main objective is to investigate the protein effects on the Hcy-Zn
binding process and its role in the substrate activation. The computational details are the
same of the annual report of 2008, therefore we jump it here.

A) MetH enzyme

1) Active site calculations.
The overall process is highly unfavorable in the gas phase with a barrier around 44.6
kcal/mol and the reaction is very endothermic (27.1 kcal/mol). Our results of the active site

model of Zn-S (Hcy) association reaction are agree well with D. Picot et al, Chem Asian J.
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2010 (in press), who studied the dissociation of phenylthiolate (Zn-SPh) from Zn (SC6H5)s %~
complex. They located a transition state at 42.8 kcal/mol from the dissociated products
(SC6HS5™ + Zn (SC6HS5); 2_) and at 12.4 kcal/mol from the reactant. Also, our results are in
good agreement with the earlier studies done by Todor Dudev, and Carmay Lim 2002 J. Am.
Chem. Soc., 124, 6759, which demonstrate the effect of the high dielectric constant in the
stability of the Zn-S°4 complex.

2) Protein effects on the Zn-Hcy binding

In the protein environment, the calculations were performed on two models A and B (model
A in which the QM regions is exactly the same as the active site model but including entire
Hcy, model B in which the QM region is exactly as the gas phase model) (see Fig. 1) the aim
of model B calculations is to compare with the active site calculations). The calculations
confirmed the barrier disappear and the reaction is highly drift toward the product with
exthothermity of -35.5 and -33.4 (ZPC) kcal/mol in case of model A and model B

respectively.
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ONIOM Model B

ONIOM Maodel A

Fig .1: Overview of MetH enzyme and its active site in ONIOM model A and B.

To understand the enzyme effect on the Zn-Hcy displacement, we compared the QM energy
of the QM part for the ONIOM-ME optimized reactants and product in the model B with that
in the active site model calculations (without ZPC). The QM energy of the model B in the
ONIOM optimized structure for the reactant is 80.7 kcal/mol less stable than the energy in
the fully optimized (gas phase) structure of model B (see Figure 2). The corresponding
energy difference for the product is 36.1 kcal/mol. The reaction energy in the gas phase is
26.2 kcal/mol (endothermic), becomes -19.2 kcal/mol (exothermic) in the QM part in protein.
The MM part (including QM-MM interaction) further stabilizes the product by -12.6

kcal/mol, to make the ONIOM energy of reaction to be -31.7.
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Figure 2: Schematic representation of the Hcy addition step reaction profile in gas phase, in PCM
model and enzyme for modelA. The energies reported in this figure were calculated using molecular

embedding without charges update.

3) Mutations effect on the Zn-Hcy displacement

Recently, Prasannan et al. Biochem. Biophys. Research commu. 2009, 382, 730,
experimentally studied directed mutations of some selected residues in the homocysteine and
folate binding sites. These authors mutated two residues, Asp614 (which forms ion-pair with
the ammonium group of Hcy) by Ala and Ser448 by Ala, in the binding site of Hcy in the
cobalamin-independent methionine synthase from Candida albicans. They found that the
mutant Asp614Ala did not show any enzymatic activity, while Ser448 Ala mutant exhibited
67% of the wild type activity. We have performed directed mutations for the selected
residues computationally to investigate the effect of those residues on the reaction energetics
for the Zn displacement, paying special attention whether mutant enzymes do the same
overall reaction as the wild type. The considered mutants are Asn234Glu, Cys272His,

Thr147Ala, Glul46Ala and Phe66Ala. A mutant Asn234Glu is interesting to test the effect of
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the Glu which is in MetE. Mutations of Glul46Ala, Thr147Ala and Phe66Ala investigate the
importance of the salt-bridge interaction, hydrogen bond and the hydrophobic interactions on
the reaction profile. We did not consider the mutation of Gly23Ala in MetH which is
equivalent to the experimental Ser448Ala in cobalamin-independent methionine synthase
from Candida albicans. This residue interacts with Hey through the backbone NH, and the
structural difference between Gly and Ala is very small and should not change the reaction
energetic. It was found that for all considered mutants, Zn is spontaneously displaced toward
the substrate except for one mutant Asn234Glu, which passes with transition state of 1.1
kcal/mol energy barrier (see Figure 3). The analysis of the optimized structures of the
considered mutants can explain different effects of the mutations. In case of Asn234Glu, the
high electrostatic repulsion in the reactant (charge = -4) prefers that Glu moves away from Zn
and interacts with water molecules to minimize this repulsion. Therefore, the product in
which Glu is dissociated is more stable than the reactant. In the reactant complex of
Cys272His, steric hindrance prevents Zn from being ligated to His272. While in the product
Zn is coordinated to His272 and the complex is more stabilized by interactions with Asn206.
The mutations of Thr147Ala and Glul46Ala have very little effect on the reaction energy.
The absence of the hydrophobic interactions between Phe and the substrate decreases the
reaction energy from -36.8 to -28.4 kcal/mol. The reaction energies were -37.1 and -28.5
kcal/mol for the wild and Phe66Ala mutant respectively, when the calculations were done
using B3LYP-D (the B3LYP functional corrected for the dispersion term). It was found that
mutations of the above-mentioned residues have a little effect on the Zn-Hcy displacement

process. The experimental observations of Asp614Ala and Ser488Ala mutations effect from
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Candida albicans should relate to the other steps in the methyl transfer reaction, e.g. the

pre-binding of the substrate in the active site.
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Figure 3: The histogram of ONIOM-EE Zn-Hcy displacement energy for the considered mutants

4) Conclusion

Our results do not support the experimental zinc five-coordinate intermediate or transition
state hypothesis of the Zn-substrate switch reaction. In the active site, the reaction is stepwise
starts by Zn-O (Asn) dissociation followed by unfavorable step of Hcy addition. Our
calculations suggest that Zn dissociates quickly from Asn to give the Hcy-bound state
without barrier in the protein. The calculated reaction energy is a favorable chemical process,
which is qualitatively in good agreement with the experimental observation: at the
physiological conditions, MetH is always saturated with Hey and the experimental Michaelis
constant Ky; of Hey =0.6 uM. Our calculations support the proposed role of Zn which acts as

lewis acid; it activates the substrate by stabilizing its thiolate form. Furthermore, the
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calculations support the associative methyl transfer mechanism from cobalamin to Hcy
substrate and the methyl transfer should takes place to the bound Zn-Hcy followed by
product release. Also, the anchored of the substrate in the active site is necessary for the
appropriate orientation of Hcy for the methyl transfer from the cobalamin co-factor and
should proceed Zn-Hcy binding. In our static calculations, the Zn displacement toward the
substrate (Hcy) should not be the rate-determining step in the substrate activation process.
The substrate binding in the active site may be the rate-determining step. The directed
mutations of the binding site residues have not shown large effect on the Zn-Hcy

displacement.

B) MetE enzyme.

1) The active site model performed in MetE enzyme showed the same pathway as MetH in
the gas phase, firstly the Zn-Glu dissociates followed by addition of homocysteine with
barrier of 30 kcal/ml. While in PCM environment MetH takes another pathway to bind Hcy:
it takes SN2 mechanism passing with transition state of barrier 16 kcal/mol which is different
from MetH.

2) ONIOM calculations on MetE enzyme showed that the enzyme keeps the SN2 pathway
and the optimized transition state is very similar to the PCM one. Finding transition state
explains the Zn active site geometry of the 1XDJ pdb structure, in which the Zn is in between
Hcy and the glutamate. However the barrier of the Ts in the enzyme environment (47
kcal/mol), is higher than in PCM (16 kcal/mol).

2.1) Refining ONIOM energy with larger QM region
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To test the effect of the QM size on the calculation results, another ONIOM model with larger

QM region (109 atoms) is used to for single point calculations (see Figure 4).

A Glugs?

)—é Serd 1

J

)
GluB4? v

Glusd?
4

Ts in partition1 (P1, 49 atom)  Ts in partition2 (P2, 109 atom)

Figure 4: Two ONIOM models used in the calculations, P1 (partition 1) used for the location
of the stationary points and P2 (partition 2) for the refining of the energy.

Using ONIOM model with larger QM region shifts the location of the transition state to one
of lower barrier (23.34 kcal/mol) see Figure 5. These calculations demonstrate the big effect
of the protein environment and the importance of using large QM region to accurately

estimate this effect.
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Figure 5: Represents the QM size on the reaction profile, in brown the results of P1 and in

violet the results of P2.

3) Directed mutations in Hey binding site MetE

Similar to MetH, the mutation effect on the Zn-Hcy binding is a little; we take here the Ts
barrier as comparing criteria between wild type and the mutants for the Zn-Hcy binding
process. All the mutants showed the feasibility of the reaction and the energy barriers ranging
from 13.7 for D577A to 28.8 for H618C see figure 6. We have to keep in mind the
conformational changes causes by the modeling protocol of the mutant structures, which may
be produces some energy changes in the reaction profile. The produced structure model of the
mutants need to be relaxed with long molecular dynamics, therefore these results are more
qualitative than quantities as we need more conformations used in the calculation to be
statistically meaning. However, these results are in agreement of Prasannan et al. Biochem.
Biophys. Research commu. 2009, 382, 730 experimental data of concerning the mutants D577
and S411.
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Figure 6: Represents the mutation effects on the Ts barrier in MetE, the calculations were

performed using larger QM P2 with ONIOM-EE method.

2) Original Papers

1- Homocysteine activation in Cobalamin-dependent methyltransferase: DFT and ONIOM
study. S. Abdel-Azeim, X. Li, L. W. Chung and K. Morokuma, to be submitted.

2- Homocysteine activation in Cobalamin-independent methyltransferase: DFT and ONIOM

study. S. Abdel-Azeim and K. Morokuma, manuscript in preparation

3) Presentation at academic conferences

July 19-21, 2009: CREST International Symposium on Theory and Simulations of Complex
Molecular Systems and International Symposium on Theory of Molecular Structure, Function
and Reactivity, Celebrating Prof. Morokuma’s 75th Birthday, Kyoto University, Japan.

Poster: S. Abdel-Azeim, X. Li, L. W. Chung., K. Morokuma “ Zinc-Homocysteine binding in

cobalamin-dependent methionine synthase”.
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1. Summary of the Research of the Year

(A) Transition-Metal-Catalyzed SWNT Nucleation, Growth & Healing:
Dependence on Temperature, Catalyst Composition and Size

Since their initial discovery late last century, single-walled carbon nanotubes
(SWNTs) have stimulated myriad experimental and theoretical investigations due to
their extraordinary physicochemical, mechanical, and electrical properties. However,
complete understanding, or consensus, on many important structural and energetic
aspects of SWNT synthesis is yet to be attained. A pertinent illustration of this fact is
the current lack of control over the diameter and (n,m) chirality of SWNTSs produced
using current synthetic techniques. This is also the case with respect to the control and
quantification of SWNT growth rates in CCVD experiments. The effect(s) of
pertinent environmental factors (such as catalyst particle size and composition) on the
mechanism and kinetics of SWNT nucleation and growth remain therefore, largely
unexplored.

The self-consistent-charge density-functional tight-binding molecular dynamics
(SCC-DFTB/MD) method has been employed in order to elucidate these effects with
respect to SWNT growth. SWNT growth was simulated using model C4o-M, ‘cap-
catalyst’ complexes, where M = Fe & Ni, and x = 38 & 55 (Figure 1). The effect of
different catalyst composition and sizes on the mechanism and kinetics of SWNT
growth could therefore be observed directly. The ultimate conclusions of this
investigation are outlined in Table 1. The kinetics of SWNT growth was observed to
depend acutely on the size of the supporting catalyst nanoparticle. In particular, the
rate of SWNT growth was inversely proportional to the diameter of the catalyst
nanoparticle. In addition, Table 1 indicates that Ni, nanoparticles are ‘better’ catalysts
(in the context of SWNT growth rates) than Fe, nanoparticles, since SWNT growth
proceeded more quickly using Ni, as compared to Fe (for an equivalent catalyst size).
This is consistent with conclusions from laser evaporation and carbon-arc
experiments.

The mechanism of SWNT growth
was observed to depend critically on the
composition of the catalyst nanoparticle.
Ni,-catalyzed growth was preceded by
the formation of extended polyyne chains
at the base of the SWNT, and so differed
fundamentally from Fe,-catalyzed growth.
These polyyne chains usually persisted
for 10-30 ps. Polygonal ring formation,
and hence SWNT growth itself, was

Figure 1. Model C4Mss systems employed for  driven by the continual, simultaneous
SCC-DFTB/MD 1nvest1gat10ns of SWNT growth.  avtension of these polyyne chains and
(a) M = Fe, (b) M = Ni. Cyan, brown and grey o [

. subsequent ‘ring collapse’ (i.e. self-
spheres represent C, Fe and Ni atoms, N .
respectively. isomerization/interaction of the
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Table 1. Dependence of C,y cap growth on catalyst size and composition: Average growth rate,
numbers of added carbon and polygonal ring after 50 ps of simulation using Fesg, Fess, Nizg and Niss

catalysts (all data averaged over 10 trajectories).

Growth rate

Number of carbons

Number of n-membered rings

2 R _
Catalyst (x 101) Aps added to SWNT — addednt:6SWNT —
Fess 2.879 51.0 6.2 6.5 4.4
Fess 3.542 55.2 6.2 9.2 4.3
Niss 4874 62.4 9.0 9.0 59
Nizg 7.299 64.8 9.2 10.2 6.5
polyyne chains resulting in ring catalyzed SWNT nucleation reported in

formation). The rate of the former
exceeded that of the latter, and so this
mechanism was self-perpetuating (Figure
2). The relative stabilities of the polyyne
moieties on the Fe, and Ni, surfaces were
consistent with the relative strengths of
the Fe-C, Ni-C and C-C interactions. The
presence of smaller carbon moieties on
the Fe, surface led to the dissemination
of surface iron atoms, and subsequent
diffusion of short C, units through the
subsurface region of the catalyst particle.
Conversely, the Ni, catalyst particles
were observed to be more stable,
remaining intact to a greater extent
during SWNT growth. The Ni-catalyzed
SWNT growth mechanism established in
this investigation was the first to be
reported in the literature based upon
quantum mechanics.

The mechanism and kinetics of
SWNT nucleation from model M.C, (M
= Fe, Ni) nanoparticle precursors, and
their dependence(s) on simulation
temperature, have also been investigated
using SCC-DFTB/MD. These model
carbides were constructed from Mg
clusters, by randomly replacing M atoms
with C (Figure 3). It was observed that
SWNT nucleation occurred via three
distinct stages, viz. the precipitation of
the carbon from the metal-carbide, the
formation of a ‘“surface/sub-surface”
carbide intermediate species and finally
the formation of a nascent sp>-hybdrized
carbon structure supported by the metal
catalyst. This investigation constituted
the first quantum mechanics-based
investigation into the mechanism of Ni-

the literature (Figure 4). Ultimately, it
was found that the metal-carbide carbon
concentration and simulation temperature
had little influence over the SWNT
nucleation mechanism itself. However,
the kinetics of SWNT nucleation
exhibited distinct dependences on these
same factors. In particular, SWNT
nucleation from Ni,C, nanoparticles
proceeded more favorably compared to
nucleation from Fe,C, nanoparticles.
Although SWNT nucleation from Fe,C,
and Ni,C, nanoparticle precursors
occurred via an identical route, the
ultimate outcomes of these processes
also differed substantially.

® (9) (h)

(e)
33.08 ps 42.82 ps 42.94 ps

Figure 2. Typical polygonal ring addition
mechanism observed during SCC-DFTB/MD
simulation of Nizg-catalyzed SWNT growth. In
this case, the alternating extension and collapse
of a single polyyne chain results in the formation
of a 6-5-7-6 ring system. Colour conventions as
in Figure 1; yellow spheres represent carbon
atoms in newly formed polygonal rings. (a), (c),
(e) and (g) represent polyyne extension, (b), (d),
(f) and (h) represent ring formation. Times are
given with respect to the beginning of the
simulation.
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Figure 3. Optimized geometries of the (a) Nijg, (b) Niz;Cso, (¢) NisgCsg and (d) NizoC77 model systems.
Grey and cyan spheres represent Ni and C atoms, respectively.

Explicitly, the Ni,-supported sp*-
hybridized carbon structures tended to
encapsulate the catalyst particle itself,
whereas the Fe,-supported structures
tended to “lift-off” from the catalyst
surface, resulting in more well-defined
SWNT cap structures. These differences
in SWNT nucleation kinetics were
attributed directly to the relative
strengths of the metal-carbon interaction.
The strength of the metal-carbon

interaction was also observed to play a
dominant role in dictating the

(a)

116.84 ps

300.00 ps

TSRS

53.80 ps 1468 ps 300.00 ps
Figure 4. Evolution of SCC-DFTB/MD

simulations of SWNT nucleation at 1400 K from
(@) Ni;;C39 and (b) NisgCsg nanoparticle
precursors. Colour conventions as in Figure 1.

precipitation of carbon from the
nanoparticle bulk, and the longevity of
the resultant surface/sub-surface carbide
species. The mechanism and kinetics of
both  SWNT nucleation and growth
therefore appear to be controlled
primarily by the same factor, viz. the
strength of the carbon-catalyst interaction.
The stability of the metal-carbide bulk,
however, was determined by the
interplay of this metal-carbon interaction
strength and the phase (i.e. solid/liquid)
of the nanoparticle itself.

(B) SCC-DFTB/MD Investigation
of CHy Chemical Vapour
Decomposition and SWNT Nucleation
on SiO; Nanoparticles

The ability of non-metal catalysts,
notably SiO,, to assist the nucleation and
growth  of  single-walled  carbon
nanotubes (SWNTSs) via chemical vapour
decomposition (CVD) has  been
established experimentally within the last
decade. Recent speculation indicated that
the traditional vapour-liquid solid
mechanism (established for transition-
metal catalysts) is possibly responsible
for SWCNT nucleation on silica
nanoparticles also. However, the exact
mechanism by which this new breed of
catalysts assists the nucleation and
growth of SWNTSs remains unknown.

We have addressed this issue using
SCC-DFTB/MD simulations of CHy
CVD on a Si0; nanoparticle at 1200 K.
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CH, radicals, chosen at random, were initially deposited on the SiO, surface at regular
intervals. In contrast to CVD using traditional transition-metal catalysts, a complex
chemical process was observed, as shown in Figure 5. Most notably, CO was
produced as the primary chemical product via the carbothermal reduction of the SiO,
nanoparticle, a fact that is consistent with recent experimental observations. The
production of each CO molecule first required hydrogen-abstraction from
neighbouring C, Si or O atoms. Ultimately, the insertion of carbon into/removal of
oxygen from the SiO; nanoparticle resulted in the local formation of amorphous SiC.
However, this carbothermal reduction was limited to the outer regions of the catalyst,
with the core of the particle remaining “oxygen rich”. In addition, the amorphous SiC
regions, are composed predominantly of extended polyyne chains “anchored” in place
by native Si atoms. Consequently, these polyyne chains exhibit restricted vibrational
and translational mobility, compared to the equivalent precursor structures observed
during transition-metal catalysed SWNT nucleation. On this basis, we suggest that the
extension of the traditional VLS model of SWNT nucleation to SiO,-catalysts may by
inadequate. Compared to transition-metal catalysed SWNT nucleation, SiO,-catalyzed
SWNT nucleation is a far slower process because of these considerations.
Nevertheless, the formation of five-membered carbon rings (generally considered to
be the “moment of nucleation™) has been observed following extended annealing at
1200 K (Figure 6). Further ring condensation from this SWNT “nucleus” (as observed
for Fe- and Ni-catalyzed SWNT nucleation) is expected to follow.

&

) o 7-membered rin;gs E—
A 6-membered rings ——
o 4 |  5-membered rings ——
4-membered rings ——
} » 3-membered rings
g 3}
i
35 v T k]
Csi0,2 — s 2F
30 B HTota\/2 I z ‘
co ——
| L
c
he)
5 ob— . 1L -
2 0 10 20 30 40 50 60 70
n? Time (ps)
Figure 6. The beginnings of SiO,-catalyzed
1 SWNT nucleation following 70 ps of CHy CVD
e TR S Ln N simulation using SCC-DFTB/MD. Colour
0 5 10 15 20 25 30 35 conventions as in Figure 5.
Time (ps)
Kigure S. SCC-

DFTB/MD simulation of CH; CVD on SiO,
nanoparticles (following 35 ps of simulation).
Blue, red, cyan and white spheres represent Si, O,
C and H atoms, respectively.
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JST Fellow, Fukui Kenichi Memorial Research Group 1,
(From 11 May 2009)

1. Summary of the research of the year 2009

Carbon Nanotube Growth from Metal Decorated Carbon Nanocones: Density
Functional Tight-Binding based Molecular Dynamics (DFTB-MD) Approach

Carbon nanotubes and other related nanomaterials are now well-known in the
literature and have been identified as one of the practically applicable nanomaterials by
different experimental and theoretical groups. Owing to these unique properties, they have been
found potential applications in the area of hydrogen storage materials, electronic device
components, nanoscale biosensors, etc. The introduction of pentagon in the hexagonal carbon
lattice leading to a formation of conical shaped materials, now known as carbon nanohorns or
nanocones. Unlike the well-known carbon nanotubes, carbon nanohorns can be made simply
without the use of a catalyst and their aggregates can be produced with a yield of more than
90% through laser vaporization of carbon at room temperature. These aggregates have a
dahlia-like shape with a large number of horn-shaped short single layered nanotubes that stick
out in all directions. The tips of these short nanotubes are capped with five-membered rings.
One of the key characteristics of these carbon nanohorns is high adsorbability, due to their large
surface area. In view of the importance of this relatively new material, carbon nanocone, an
extensive study has been undertaken to study their electronic structure and properties. The
catalyst-free self-assembly mechanism of single-walled carbon nanohorns (SWNHs) from
vaporized carbon is currently little understood. It is of great importance to achieve
understanding of the restructuring processes occurring in the single-walled carbon material at

high temperatures in the presence of the transition metal catalyst.

A. Structural Transformation of Carbon Nanocone into Nanotube:

Herein, we have made an attempt to study the structural transformation of carbon
nanocone into nanotube in the presence of iron and nickel nanoclusters as catalyst using the
density functional based tight binding approach. In the present DFTB/MD simulations, we
employed the self-consistent-charge DFTB (SCC-DFTB) method in combination with a finite
electronic temperature approach with T. = 10000 K to evaluate the quantum chemical
Born-Oppenheimer potential on the fly. In the molecular dynamics simulations the velocity
Verlet integrator was used with a time step of 1 fs, and the nuclear temperature was controlled
by connecting the Nose—Hoover chain thermostat to the degrees of freedom of the present
model system. We have annealed the initial starting structure at different temperatures 1500,
and 2500 K for 10 ps, and ten such trajectories have been considered at the respective
temperature for 30-40ps. Thus, the investigation in this work is comprised of a total of 50

trajectories plus a large number of less systematic supplementary simulations. Out initial
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structure comprises of the nanocone with definite length along with the iron nanocluster of

size Fess (Figure 1).

Our initial results at 2500K reveal that different possible structures are possible when the
two nanocones interact each other in the presence of iron catalyst. In all the cases, part of
the metal cluster is covered by one cone and the other cone either covers the metal cluster or
it is in the suspended position. However, at 1500 K, in most of cases, one end of the cones
is attached with the metal cluster and the other part is found to be in the suspended position.
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Figure 1: Snapshots of the nanotube growth - o - , N
Figure 2: Statistics of the ring formation for one of the

process at 2500K showing some important key ; :
trajectories at 1500 (top) and 2500K (below)

steps. The number denotes time in pico seconds

The effect of temperature appears to be very significant in these cases. In some cases, the
structural transformation of cone into tube-like transformation is indeed observed and the
tube starts degrading at 2500K while the tube is observed to be very stable at 1500K. From
the Figure 1, it is evident that initially, both the cones have to flip from the tip position to the
edge and thereafter, both the cones are zipped together. The entire process is leading to the
formation new 5Sm and 6m-rings as it is shown in Fig. 2. Considering the time scale, it can be
mentioned that the flipping of the cones and the formation of the tube-like structure takes
place in the time range of 3-4ps and 7-9ps, respectively. In addition, our simulation results
illustrate that the transformation process is faster at 2500K compared to that of 1500K. It
can be seen from Fig.2 that the growth process at 1500K is quite smoother and the increment
in the number of new 5Sm and 6m-rings in the nanotube is quite sharp, indicating the growth
process is quite fast with threshold time period. We have also observed that the 3m, 4m and
7m-rings are not formed and the number of Sm-rings present in the tube are less compared to
that of the tube obtained at 2500K and the 6m-rings are higher in the earlier case. The rings,
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which are directly connected to the metal cluster, are affected significantly. More
strikingly, the structure of the tube is not changed after annealing the structure up to 34ps,
which is also evident from the ring count (From Fig. 2).

B. Nature of the tube-like structure: The transformed tube-like structure has many
defects and the shape of the tube is also found to be very irregular, in particular at the edges
where the two cones are joined together. The irregular shape of the tube can be attributed
due to the presence of Sm-rings. In general, one Sm-ring is present at the capping region,
which is surrounded by the five 6m-rings in the normal cones. However, the number of
Sm-rings is increased to 8-10, during the growth of the tube along with few 6m-rings. This
type of arrangement of the rings causes the curved types of structure. Since the nanocone
has the zigzag as well as armchair types of edges, the formation of 5Sm, 6m and 7m rings is
expected when two cones joins together especially at the interface region, as shown in Fig. 3.

Sm-ring .
om-ring
7m-ring
6m-ring
Sm-ring
Armchair : Zigzag Zigzag : Zigzag Armchair : Armchair

Figure 3: Formation of different combination of rings during the growth process of the tube

In the present case, the
peripheral part of the cones are
normally composed of both the
armchair and zigzag types of
structure  and  hence, the
interface or bridge position at
the intramolecular junctions of
the two cones can define the
nature of the nanotube (defect or
perfect nanotube). The Fig. 4,
describes that the combination

of armchair - zigzag types of

structure can lead to the Figure 4: Armchair-Zigzag combination leading to the

formation of Sm-rings at the formation of Sm-rings during the growth process of the tube
interface or bridge region of the

intramolecular junctions where
the two cones meet each other. The additional S5m-rings cause the tube to have the curved or
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irregular shapes with defective sites as well.

C. Structural Transformation of Carbon Nanocone into Nanotube: Some Differences
between the Nickel and Iron Catalyst

As a sequel to the earlier study, we have investigated the transformation mechanism
in the presence of nickel catalyst. The size of the catalyst has been the same as iron catalyst
and the simulation has been carried out different temperatures, 1000K, 1500 K and 2500K.
As explained earlier, we have followed the same methodology, DFTB-MD approach in this
case also. More strikingly, the present results as shown in Fig.5, demonstrate that one of the

cones is observed to be non-interactive, implying that only one cone is interacting with the

Ssg
R TR,
LS.
e
Figure 5: Nature of the interaction of cones Figure 6: Inversion of the cone attached to mickel
with nickel cluster cluster. The number denotes time in femto seconds

nickel catalyst and in some cases, both the nanocones are found to be leave the catalyst. In
some cases, the cone covers either the metal cluster or it is in the suspended position. This
feature is not observed in case of iron catalyst. Another important difference is that one of
the cones interacting with the nickel cluster is inversed, as shown in Fig.6, which takes place
in 400fs without breaking 5m or 6m-rings of
the cones. Only in two cases, the formation of
the nanotubes like structure is favored at 2500K.
Another important observation as shown in
Fig.7, is that at higher temperature, 2500K,
when the two nanocones interact each other, the

first ring at the bridge position of the two

nanocones is formed at 8.6ps (in case of iron, at
7ps the tube is formed) and it takes 16ps to
form the tube-like structure. In addition, the

Figure 7: Snapshots of the nickel catalyzed nanotube

e R e L 8m-rings as well as several Sm-rings are also

steps. The number denotes time in pico seconds

formed and the number of Sm-rings is found to

be approximately ~10-12 (much more than that
of iron case). This feature is different from the case of iron cluster-induced nanotube
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formation. Interestingly, the similar trajectories at 1500K, found to be very different from
what has been observed at higher temperature. In this case, one of the nanocone is observed
to be effectively interacting with the catalyst surface and one of the nanocones is found to be
away from the surface. In addition, out of 10 trajectories, we did not observe any nanotube
like transformation at 1500K. On comparing with the iron-catalyzed reaction, the
mechanism of the formation of the tube-like structure by nickel catalyst is found to be
profoundly different from the iron-catalyzed tube formation. In case of iron-catalyst, the basic
structure of the zigzag as well as armchair types of edges are not destroyed and hence, the
mechanism of the formation of the tube has been explained in terms of the interface or bridge
region at the intra-molecular junctions of the two cones which can have the Sm-rings around
the tube. However, in case of nickel cluster-induced tube formation, the mechanism is not
very apparent from the trajectories. The zigzags as well as armchair types of edges are found
to have no role. Thus, although there are some similarities with the interaction of single
nanocone with the catalysts, the interaction of the two cones with the iron and nickel cluster
is very different from each other.

2. Original Papers

(1) K. R. S. Chandrakumar, S. Irle and K. Morokuma, “Carbon Nanotube Growth from Metal
Decorated Carbon Nanocones: Density Functional Tight-Binding based Molecular
Dynamics (DFTB-MD) Approach” Manuscript in Preparation

(2) K. R. S. Chandrakumar, S. Irle and K. Morokuma, “DFTB-MD simulations on the
Growth of Carbon Nanotubes Metal Doped Nanocones: Effect of Catalysts, Catalysts Size
and Reaction Temperature” Manuscript in Preparation

3. Presentations at Academic Conferences

(1) K. R. S. Chandrakumar, S. Irle and K. Morokuma, “DFTB-MD simulation of carbon
nanotube growth from metal decorated carbon nanocones” (poster) presented in, “50™
Sanibel Symposium, Celebrating the Past, Present and Future of the Quantum Theory”, St.
Simons Island, Georgia, USA (2010).

(2) K. R. S. Chandrakumar, S. Irle and K. Morokuma, “Structural Transformation of Carbon
Nanocones into Nanotubes: Role of Iron and Nickel Nanoparticles”(poster) presented in
“International Symposium/(Jon[]*“ Molecular Theory for Real Systems”, Fukui Institute
for Fundamental Chemistry, Kyoto, Japan (2010).

(3) K. R. S. Chandrakumar, N. K. Jena and S. K. Ghosh, “Structure, Property and Reactivity
Correlations in Carbon Nanomaterials: A Simple and Novel Concept of Nanoscale
Curvature” (Poster) presented in “International Symposium on Theory and Simulations
of Complex Molecular Systems”, Fukui Institute for Fundamental Chemistry, Kyoto,
Japan (2010).
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Fengyi LIU

JST Fellow, Fukui Kenichi Memorial Research Group 1
(From 15 Sep. 2009)

1. Summary of the research of the year

Rationalization of Light-Driven Rotary Molecular Motor: An Theoretical Study on the
Photoisomerization of an Stiff Stilbene

Molecular rotary motors, though common in nature, were
synthesized rather recently. One of the most promising categories of O .O
artificial light-driven rotary molecular motors allowing for optical ‘
control is based on helical overcrowded alkenes. For instance, ? O O

light-driven rotary molecular motors (3 in Chart 1) based on stilbene 1 stitone  Stiff<2ibone  Moloculr motor
have been synthesized by Feringa’s group. By introducing helical Chart 1
substitutions into these overcrowded alkenes, the authors have step 1

successfully harnessed the nondirectional motion to achieve an S13nm
unidirectional, 360° rotation around the central carbon-carbon double -8o°c

bond (Fig. 1). The rotational process consists of four steps, two of which

occur in the electronically excited state and involve cis—trans stable i3 e frenss
isomerization of the central carbon-carbon bond. Though the s;;:g ls;;pCZ

mechanisms of these photo-initiated processes are important in
rationalization of the chemical nature of the currently synthesized rotary

molecular motor and to design new promising motors, they have not

been well understood yet. In the present study, we carried out complete

unstable cis-3 stable trans-3

active space self-consistent field (CASSCF) calculations to explore the

Figure 1. Four-step rotation in stiff-
rotary potential-energy surface (PES) of stiff-stilbene-based molecular  stilbene-based molecular motor 3.
motor 3 in order to understand the reaction mechanism of the phoisomierzation reaction and rationalize the
unidirectionality of the rotation.

The cis-trans photoisomerization of stilbene is one of the most extensively investigated subjects in
photochemistry. It is known that for free stilbene both trans—-cis and cis—trans isomerization can take place.
Though their dynamics are evidently different, the wave packet from both isomers can access a conical
intersection (CI) with perpendicular conformation near the minimum of the S; state. The ideal branching
ratio of the cis- and trans- products is 50:50. Thus the primary torsional motion during this process is
nondirectional and reversible. As shown in Fig. 2a, the one-dimensional PESs are symmetric around 6 =0
and 180° for the cis- and trans-1, respectively. The introduction of two 5-membered rings into free stilbene
produces stiff stilbene 2 (Chart 1). The 5-membered ring in 2 not only prohibits the photocyclization side
reaction (which is the predominant side process in free stilbene 1) but also more or less fixes C;—C, bond

thus makes hula-twist mechanism unfeasible. From Fig. 2b it is seen that compared with that of free stilbene
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1, the symmetry of the excited-state PESs around the Frank-Condon (FC) region of trans-2 remains, while
the one around cis-2 has been removed. This is caused by the steric compulsion between the two benzene
moieties which is only significant in the cis-isomer. In order to avoid the high cross-plane rotational barrier,
the C,—C,—C,'-C,' and C;—C,—C,—C,' dihedral angles increase (or decrease) simultaneously, resulting in the

helically twisted conformation and asymmetric excited-state PESs.
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Figure 2. SA-CASSCEF energy profile of (a) free stilbene 1 and (b) stiff-stilbene 2.

Further introducing methyl group into stiff-stilbene 2 slightly changed the geometry of the cis-3, while
put significant effects on trans-3. The SA-CASSCF optimized 6,¢ are 162.5 and —37.3°, respectively. The
strong methyl-methyl compulsions alternate both the ground- and excited-state PESs around #rans-minimum
into slopped. Tracking the geometry variation along the rotational coordinates suggests that after the
photoexcitation the molecule follows the twist motion to reach the perpendicular excited-state intermediate,
which represents a conformation better matching the product than the reactant. Therefore, the steric effects of
S-membered rings and the methyl groups which evidently slope the excited-state 1B surface, could partially

account for the unidirectionality rotation of molecular motor 3.
!
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Figure 3. The SA-CASSCF//SA-CASSCF and CASPT2//SA-CASSCF (in square brackets) schematic
energy profiles of molecular motor 3 along the C,;-C,’ torsional coordinate.

In addition to the topology of the excited-state PES, it is also important to understand the radiationless

relaxation of the excited-state molecules to the ground-state PES in these two photoisomerization steps (step

1 and 3 in Fig. 1). Along the primary reaction coordinate, several excited-state intermediates, on both the 1B
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and 2A states, were located. It is found the 1B and 2A PESs approach each other from the FC region of cis-3
(or trans-3) to the perpendicular intermediate region and finally intersect with each other in the vicinity of
the 1B minimum (min-1B or min-1B’). The located MECPs on the 1B/2A seams has “peak™ nature and are
almost identical in energy with the 1B intermediates, thus they provide opportunities for the molecules on the
1B PESs to barrierlessly access the energetically more favorable 2A surface. Moreover, with the torsional
angle increasing from planar to perpendicular, the double-bond character of the central C;-C;" bond is
weakened, correspondingly the C,; and C,’ have high mobility along the carbon pyramidalization coordinate.
Indeed, two Sy¢/S; MECPs can be found on either directions of the pyramidalization coordinate (shown in Fig.
4). Before the excited-state molecule could cross the Clgys; to reach 1A surface, they have to overcome
10~30 kcal/mol energy barrier. In short, the photoisomerziation process undergoes a 3-state, 2-coordinate
mechanism: The excited molecules in 1B state first decay to 2A state though the 1B/2A seams along the
primary C;-C,’ torsional coordinate, and then follow the C,/C,’ pyramidalization to cross the 2A/1A conical
intersection and return the ground-state PES. In summary, our calculations rationalize the undirectionality of

the rotation and suggest a possible reaction mechanism for the stiff-stilbene based rotary molecular motor.
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Figure 4. The reaction paths around 1B intermediates: (a) min-1B’(6 = -98°) in photoisomerization

step 1 and (b) min-1B (6 = 85°) in photoisomerization step 3.

Original papers
(1) Fengyi Liu and Keiji Morokuma,
Rationalization of Light-Driven Rotary Molecular Motor: An Theoretical Study on the

Photoisomerization of an Stiff Stilbene, manuscript in preparation.

Presentation at academic conferences

(1) Fengyi Liu and Keiji Morokuma, Poster on:
“Rationalization of Light-Driven Rotary Molecular Motor: An Theoretical Study on the
Photoisomerization of an Stiff Stilbene”

International Symposium on “Molecular Theory for Real Systems”, Kyoto, Jan 7-9, 2010
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1. Summary of the research of the year

Growth Mechanism for Aluminum-Catalyzed Silicon Nanowires : Density Functional Tight
Binding Molecular Dynamics Simulations

Silicon nanowires are identified as one of the important components for future micro electronic
revolution. Several metal-catalyzed silicon nanowires have been reported in the literature. The metal catalyst
is believed to play an essential role in the nucleation and growth of silicon nanowires. The control over the
growth of nanowires is nevertheless essential for various technological applications. Recent report of
Al-catalyzed Si-nanowire growth demonstrated that the tip is mainly consists of Al atoms whereas nanowire
part is mainly consisting of Si atoms. It is to be noted that these Al-catalyzed Si-nanowires are grown in the
lower temperature range of 430°C to 490°C.

It is well known that Si-Si m-bond (= 25kcal/mol) is rather weak as compared to C-C, n-bond (=
60kcal/mol). This in turn destabilizes planar coordination in silicon and hence planar, tabular and fullerene
type nano scale structures are less stable as compared to carbon. Thus nanoclusters and nanowires are
suitable candidates for nanoscale properties for silicon. In this study, we are investigating the nucleation and
growth of the silicon nanowire using aluminum catalyst at different temperatures by self-consistent-charge
density functional tight binding molecular dynamics simulations (SCC-DFTB).

Three model systems have been used to understand the mechanism of growth of Si-nanowire (Figure
1). Al4 cluster was used as a cap to Si-nanowires. All the dangling valencies of Si atoms are satisfied by
hydrogen atoms in model-I (Als4-Si,sHs3), where as model-1I (Al34-Sii6) and model-IIT (Al;4-Sis,) do not have
any hydrogen atoms. The nuclear temperature of the system was controlled by the Nose Hoover chain
thermostat and electronic temperature is set to 1500K. Periodic boundary conditions were imposed with a
cubic box of side 100A. The simulation involving model-I was carried out two different temperature S00K

and 750K to study the effect of temperature.

I 11 I
Figure 1: SCC-DFTB optimized geometries of model Al-capped Si-nanowires. Green, pink and blue

spheres represent Al, Si and H-atoms respectively.
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Figure 2: Snapshots after supplying 50 Si atoms on model-I at temperature (a) S00K and (b)
750K and snapshots after supplying 60 Si atoms on (c¢) model-II and (d) model-III at 5S00K. Green,
pink and blue spheres represent Al, Si and H-atoms respectively and black spheres represent newly added
Si-atoms.

Si atoms were supplied at the interval of 0.5ps at the interface of Al-Si cluster in model-I. Our
simulations at 500K and 750K showed the formation of several 3-7 membered rings which finally leads to
Si-nanoclusters (Figures 2a and 2b). Some of the hydrogen atoms attached to Si-atoms has migrated to
Al-cluster and form AI-H bonds. The number of Si-rings increases with time and the number of six
membered rings is always greater than other rings (Figures 3a and 3b). A few of the added Si-atoms have
diffused into Al-cluster. The simulation at two different temperatures shows that mixing between Al and Si as
a result of diffusion of added Si-atoms is higher at 750K as compared to 500K. It is to be noted that Si-Si
bond strength is only a little higher than AIl-Si bond strength. The Si-Si bond strength in Si;Hg is
96.0kcal/mol while AI-Si bond strength in H;SiAlH, is 85.6kcal/mol. It can be concluded from this
simulation that lower temperature shows more cluster formation, however even after supplying 50 Si atoms
no significant uni-directional growth has been observed. On the other hand a Si-nanocluster growth has
been observed (Figure 2a). This might be due to the hydrogen atoms on Si-nanowire which prevent
uni-directional growth. In order to understand this factor we supplied silicon atoms at the centre of mass of

Si-atoms in models-II and III.

Si-rings at 500K, 80 - -
80+ Average of ten trajectories (a) Si-rings at 750K, (b)
1 for model-l 704 3 Average of ten trajectories
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Figure 3: The plots of average ring count for ten trajectories versus time in ps at (a) S00K and (b) 750K

for model-I.
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Addition of Si-atoms on model-II and model-III results in mixed Al-Si nanocluster formation with
lower part mainly consists of Al-atoms where as upper part is mainly Si-atoms (Figures 2¢ and 2d). Here
also a few of the added Si-atoms have diffused into Al-cluster. The number of Si-ring increases with time;
however the formations of 3-membered rings are lesser as compared to other rings (Figures 4a and 4b).
The number of ring formation is more for the model-II than the model-III.

A general conclusion observed from these simulations is that a few of the supplied Si-atoms are

diffused into Al-cluster, while other Si-atoms form nanocluster on the surface of Al-cluster.
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Figure 4: The plots of average ring count for ten trajectories versus time in ps at S00K for (a) model-II
and (b) model-III.

Original papers
(1) Melaimi, M.; Parameswaran, P.; Donnadieu, B.; Frenking, G.; Bertrand. G.
“Synthesis and Ligand Properties of a Persistent All-Carbon Four-Membered Ring Allene”
Angew. Chem. Int. Ed. 48, 4792-4795 (2009).
(2) Prabusankar, G.; Gemel, C.; Parameswaran, P.; Flener, C.; Frenking, G.; Fischer, R. A.
“A Short Bi=Bi Bond Supported by a Metalloid Group 13 Ligand”
Angew. Chem. Int. Ed. 48, 5526-5529 (2009).
(3) Parameswaran, P.; Frenking, G.
“Transition Metal Complexes [(PMes),CLbM(E)] and [(PMes3)(CO)M(E)] with Naked
Group 14 Atoms (E = C — Sn) as Ligands; Part 1: Parent Compounds”
Chem. Eur. J. 15, 8807-8816 (2009).
(4) Parameswaran, P.; Frenking, G.
“Transition Metal Complexes [(PMes),CLM(E)] and [(PMes3)2(CO)M(E)] with Naked
Group 14 Atoms (E = C — Sn) as Ligands; Part 2: Complexation with W(CO)s”
Chem. Eur. J. 15, 8817-8824 (2009).
(5) Aldeco-Perez, E.; Rosenthal, A.; Donnadieu, B.; Parameswaran, P.; Frenking, G;
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(6)

(7

Bertrand. G.

"Isolation of a C-5-Deprotonated Imidazolium, a Crystalline Abnormal N-Heterocyclic
Carbene"

Science, 326, 556-559 (2009).

Back, O.; Donnadieu, B.; Parameswaran, P.; Frenking, G.; Bertrand. G. “Isolation of
Crystalline Carbene-Stabilized P,-Radical Cations and P»-Dications”

Nature Chemistry, 2, 369-373 (2010).

Parameswaran P.; Frenking, G.

“Chemical Bonding in Transition Metal Complexes with Beryllium Ligands
[(PMe;),M-BeCl,], [(PMe;3).M-BeClMe] and [(PMe;),M-BeMe;] (M = Ni, Pd, Pt)”

J. Phys. Chem. A ASAP (2010), DOI: 10.1021/jp910181gq.

3. Presentation at academic conferences

M

2

Parameswaran P.; Frenking, G..

“Chemical Bonding in Transition Metal Complexes with Beryllium Ligands” (Poster
Presentation)

The 7" symposium of Fukui Institute for Fundamental Chemistry, Kyoto, 4 December,
20009.

Parameswaran P.; Frenking, G..

“Chemical Bonding in Transition Metal Complexes with Beryllium Ligands” (Poster
Presentation)

International Symposium on “Molecular Theory for Real Systems” 709t g anuary, 2010.
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FIFC Fellow

1. Summary of research for the year

Nonadiabatic ab initio dynamics of a model protonated Schiff base of 9-cis retinal

Rhodopsin is the photosensitive chemical found on the outer segment of rod-like cells in the
retina, the light-sensing structure of the eye. The 1l-cis retinal chromophore in rhodopsin is
changed to all-trans retinal upon exposure of rhodopsin to light. Isomerization of retinal to the all-
trans form is essentially completed in 200 fs with a 0.67 quantum yield." Isorhodopsin is an
analogue of rhodopsin that contains a 9-cis retinal chromophore instead of 11-cis retinal embedded
in the same opsin environment. Light-induced isomerization of the 9-cis retinal chromophore to the
all-trans form is known to occur at a longer timescale (600 fs)* and at a reduced quantum yield
(0.22)° resulting in a weaker visual response.

The dynamics of the photoisomerization of a model protonated Schiff base of 9-cis retinal in
isorhodopsin is investigated using nonadiabatic molecular dynamics simulation combined with ab
initio quantum chemical calculations on-the-fly. The classical time-evolution of the trajectories
employ the velocity Verlet algorithm while the quantum chemical part is treated at the complete-
active space self-consistent field level for six electrons in six active m orbitals with the 6-31G basis
set (CASSCF(6,6)/6-31G). Initial atomic velocity was generated using random numbers subject to
the Wigner distribution and the molecule was excited onto the S, state. Seventy-one trajectories
were calculated in total with a 0.5 fs time step. The probabilities of nonadiabatic transitions between
the S; ('mn*) and S, states are estimated in light of the Zhu-Nakamura theory.

Figure 1 shows the population of the 9-cis, all-trans and 11-cis photoproducts as well as the still-
unreacted residual of the starting material. Generation of each form is counted only after the product
region in the ground state (the dihedral angle Cs—Co—C;o—C; reaches 0 £ 10° or 180 + 10°). Thirteen
percent of the trajectories yield the all-trans isomer in this simulation: the quantum yield of the all-
trans photoproduct is 0.13. If the 9-trans (11-cis) products are counted as a trans product, the ratio is
0.18, which is in excellent agreement with the experimentally measured quantum yield of 0.22. This
is significantly lower than the one obtained by

Ishida et al. for 11-cis PSB retinal of 0.27 (or 0.49 (@~  Time evolution of trajectories (9-cis)
if the 11-trans (9-cis) form are counted as a trans 0ol
form).* Experimentally, the all-trans quantum o8|
yield for rhodopsin is 0.67,' around three times c O7r
more than that for isorhodopsin. The rhodopsin/ 2 08 Trre
isorhodopsin quantum yield ratio for the two 3 zj ] al-Cis
simulations is 2.1 to 2.7, in good agreement with T sl
the experimental ratio. 02}

On the average, it takes 441 fs to form the all- z; e

tranS 1SOII1€I' from the 9_C1S form. the tlme Scale Of o 1;30 2‘00 300 400 500 600 700 800 900 100011‘001200

. A . > . Time (fs

isomerization is shorter than, but in reasonable ime f2)

agreement with the experimental reaction time of  Figure 1. Population change calculated for all the
600 fs.> The shorter time scale of the trajectories in the isorhodopsin (9-cis) model
isomerization may be due to the total neglect of systems.
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the influence of the protein environment that surrounds the chromophore in a biological medium.
Inside the binding pocket, the cis-trans isomerization is slowed down by steric interactions with
nearby amino acid residues and counterions. In the gas phase, on the other hand, the active dihedral
rotates freely with little impediment.

Formation of the all-trans product begins about 280 fs and peaks around 660 fs after
photoexcitation in the case of the 9-cis model trajectory calculation. If the 11-cis (9-trans) form is
counted as a trans photoproduct, formation of the said product starts around 200 fs in this
simulation. This is consistent with Schoenlein et al.'s observation that “measurements on
isorhodopsin show an initial photoproduct absorption by 200 fs, which continues to grow-in until
600 fs” reinforcing the validity of our model simulation.

Our simulation
83.7 confirms the experimental
88.2 88.2 observation  that the

photoisomerization to the
all-trans chromophore is
slower than that of
rhodopsin and at a lower
quantum yield. We point
out the existence of an
energetic barrier to the
Co—C,o twist coordinate in
the excited state as the
main reason for the delay
and reduction in the
generation of the all-trans
isomer from isorhodopsin.
Since these features are captured in a gas-phase simulation, it appears that these are intrinsic
properties of the chromophore that may be altered, but not necessarily triggered by the surrounding
environment of the retinal chromophore in the process of vision.

9-cis All-trans
Figure 2. Energy diagram for the cis-trans isomerization of retinal. Energy is
in kcal mol .

The energetics shown in Figure 2 suggests

that once the barrier in the excited state is (@) Rg and [¢g at hopping

surmounted, the molecule has access to the 183 B S .

conical intersection region that presumably g * I

controls the branching ratio between the 9-cis @ 707 T R

and all-trans photoproducts. At the conical § ot .

intersection, the reactive ¢y torsion coordinate ﬁ ig LN .

is twisted further to ~90° from ~0° at the §1 "2 o} et . .

minimum and ~26° at the S, saddle point. - fg — AT Trams
Figure 3(a) shows the diagram of the bond ofr " . o s 1?:8:§ Il

distance Co—C;y and the absolute value of the 135 14 145 15 155 16 165 1.7

dihedral |¢o| of twisted bond at the instance of
hopping for all the trajectories. We note that at

o

Rg (A)

smaller values of |¢po|, the trajectories show
strong tendency to return to the starting reagent,
the 9-cis form. It appears that it is necessary for
|ds] to be greater than ~70° at the time of
hopping for successful photoisomerization to

Figure 3. The diagram for the bond length and the
absolute value of the dihedral angle of the dihedral
angle Cs—Co—C0—Cii (|¢o]) at the instance of
transition from the excited state to the ground
state.
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the all-trans form. Many of trajectories make transition prematurely before reaching the conical
intersection region which connects to the all-trans form. The premature transition would be caused
by the trajectory trap in the well in the excited state. This mechanism explains the smaller quantum
yield of 9-cis retinal.

The type of photoproduct generated is weakly dependent on the Co—C;o bond length with all sorts
of photoproducts generated within a region of Ry > 1.45 A and Ry < 1.6 A. On the other hand, at
bond lengths shorter than 1.45 A, photoisomerization to the all-trans form is unlikely to succeed.
That is, the Co—C;o bond needs to be stretched for successful photoisomerization. A sole trajectory
where Ry > 1.6 A at transition resulted in the formation of the all-trans form. While it is necessary
for the Ry coordinate to be stretched, this is not necessarily a guarantee that formation of the all-
trans form will succeed when this condition is met. The branching ratio at the 9-cis-all-trans conical
intersection is more likely to be controlled by ¢, rather than Ro.

In line with the analyses of Strambi® and éounterclockwise
Ishida®* on the mechanism of retinal 156 B 3 z < iy ]
photoisomerization in terms of the ¢ and gsa 'CE,(ﬁc_t, All-trans Cl(11c-t) ?Dh
¢ dihedrals, the topology map of
. hod . hod . bathorhod . A Cl(9¢-11c¢) Cl(9¢-t)| Trans -
isorhodopsin, rhodopsin, bathorhodopsin 90| e r ® ! |
: : . . aad 9-Cis = 9

and conical intersections and other | & . 11—Cis 2
stationary points that interconnect these g 2 T h %
photoisomers is shown in Figure 4. The <¥| @ 0r IsoRh R cis 113
transition points in terms of ¢y and ¢, are 8 e S E o
plotted using squares in the map. The b Cl(9c-11c) £ 4]

. . . . -90 | o Cl(9c-t)/@ @ = 11 =
transitions of trajectories leading to Cl-IsoRh o
successful cis-trans isomerization of ¢ All-trans(protein)y  cl-Rh _ V
tend to occur within a very limited region _180 Lo gAltrens P thl&%‘?
in the ¢o—¢1; space. Transition at failed Rh‘o CH;‘E)L t 15() Li(121‘7ca) —
photoisomerization occurs on a much
wider range of ¢. Nevertheless, the plot 911 (degree)
shows that only the second and fourth clockwise

quadrants  are  populated, reflecting Figure 4. Diagram of the twist angle of —C;=Ci,— (¢11)
successful photoisomerization as well as  and —Cs=C,— (¢v) at the transition points. The minima
failed one proceeds with the crankshaft or and conical intersections obtained in the present and
asynchronous bicycle-pedal  previous® calculations in vacuo are plotted in the diagram.
photoisomerization mechanism. Transition The corresponding points in protein obtained by Strambi®
from the excited state to the ground state ar€ also plotted in open and filled circles.

during isomerization toward the 11-cis

photoproducts clearly occurs near the conical intersection that connects the photoisomers. In the
case of all-trans isomer formation, on the other hand, transition occurs near the 9-cis-all-trans
conical intersection but with the ¢ dihedral heavily twisted as a consequence of a cooperative
nonlocal motion of the carbon backbone in a crankshaft-like motion.

An on-the-fly ab initio molecular dynamics simulation based on the Zhu-Nakamura theory is
carried out on the cis-trans photoisomerization of a model protonated Schiff base of 9-cis retinal in
vacuo. We have found an energy barrier with the —Cs—Co=C,,—C1— angle (¢) twisted in the 'n* S,
state (see Figure 1). Many trajectories are trapped by the barrier and make transition prematurely
before reaching the conical intersection region which connects to the all-trans form. This
mechanism would explain the experimentally observed slower photoisomerization and lower
quantum Yyield of isorhodopsin compared to rhodopsin (see Figure 2). The smaller pretwist of
isorhodopsin would not be main reason for the slower reaction and the lower yield.
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Dihedral angle ¢oneeds to be twisted to at least ~70° and the Co=C,, (Ro) intermolecular distance
needs to be stretched to at least 1.45 A in the excited state before nonadiabatic transition for
successful photoisomerization to the all-trans form. The type of photoproduct formed is controlled
by the degree of twist in the ¢o dihedral where the transition to the ground state occurs. The slower
velocity of the twist angle at the crossing region would be irrelevant to the lower yield in
isorhodopsin because the products are not dependent on the velocity.

Cis-trans isomerization is an intrinsic property of 9-cis retinal that is not triggered although it
may be altered by the opsin environment in isorhodopsin. A widely-accepted crankshaft or
asynchronous bicycle-pedal photoisomerization mechanism of the retinal chromophore in rhodopsin
is also found to be operative in isorhodopsin.

The processes that occur from photoexcitation to ground-state relaxation of the PSB of
isorhodopsin in the gas phase are summarized as follows:

1. The Co=C;o bond Ry is stretched to a single bond and the torsion coordinate ¢o is twisted to
as far as £30° after photoexcitation.

2. The bond oscillates between single- and double-bond character while ¢y also oscillates
within £30° while being trapped in the S; well.

3. The barrier is surmounted and crank shaft motion of the two angles of ¢y and ¢y; occurs
toward the transition point to the ground state. The Ry bond is predominantly single bond in
character during transition. When |¢s| is greater than about 70° at the transition point, an all-
trans photoproduct is likely to result.

4. The molecule relaxes in the ground state as Ry shrinks back to a double bond and |y
approaches 0° and 180° depending on the resulting photoproduct.

It is suggested that lower efficiency of photoisomerization and slower response to photons in
Schiff-base 9-cis retinal itself would be one of important reasons for human to evolve to choose 11-
cis retinal in retinal. The effect by surrounding protein would not be a major one.
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Takahiro SAKAUE

FIFC Fellow
(To 15 May 2009)

1. Summary of the research of the year

A) Diffusion at interfaces

Consider a surface-active small particle at an interface (say, oil-water). This molecule, while
staying around the interface, exhibits a (two-dimensional) lateral diffusion (Fig. 1). The main
question here is “how is such a Brownian motion at the interface affected by the viscosities of

surrounding fluids, noeit and nwater?”

M1

N2
Fig. 1: A particle at interface

A naive theory predicts that the diffusivity decreases with the increase in either
Noil OF Nwater (more precisely, with the increase in the average viscosity), which may well correspond
to our natural intuition. However, a recent experiment has demonstrated that it is really not the
case, and the diffusion coefficient as a function of nwater (with fixed noi) exhibits a maximum! We
point out the crucial role of out-of-interface fluctuation of the particle, and propose a generic

scenario that the maximum corresponds to the iso-viscosity point (Noil = Nwater).

B) Statistical Physics of Planer Ring
Circular chains represent an important class of macromolecules found in living organisms as well as in
modern biotechnologies. Although expected to be much different from those of linear polymers, their
properties are not yet fully understood. The combined effect of topology and flexibility is for example
dramatic on the shape of DNA minicircles and has raised important questions about the structure of DNA.
Here, using analytical and numerical approaches, we aim at unraveling the functional form of bond

correlation function (BCF) of a circular chain confined in two dimensions over the entire range of flexibility

y=L/l ,» Where L and / , are the contour length and the persistence length of the chain. We first

formulate a Gaussian theory by assuming that a ring takes a nearly circular shape with small fluctuations

around it. Such a description is accurate in the s#iff regime characterized by small y . We then estimate the
onset point ¥ * at which this approximation breaks down. Finally, we argue that, in the flexible regime, the
polymer adjusts its structure to a particular universal one as a result of the excluded volume and the

topological constraints. The scaling properties in that universal regime are discussed based on the
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self-confinement picture. The analytic BCF formulas are confirmed
by extensive Lanvevin Dynamics simulations, and quantitatively
agree with recent experimental data of DNA rings of various lengths

adsorbed on a mica surface in two dimensions

Fig. 2: Images of DNA plasmids and simulation snapshots. (a)
DNA mini-circles (L =230 nm). (b) pSH1 plasmids (L = 2016 nm).

(€) centerhote ® _ rimwesn] () and (d) Superposition in the center-of-mass frame of pictures of

(a) and (b), respectively. (e) and (f) Superposition in the

center-of-mass frame of chain configurations from our simulations for

x=~7,and y ~110.

C) Driven translocation of DNA

Flexible polymers, such as long DNA, RNA molecules and proteins, can pass
through a narrow pore whose size is comparable to their molecular thickness. We
highlight the richness and complexity involved in the dynamics of this unique
mode of molecular transport, called translocation, actively driven by external
forces . In particular, the process takes place in the condition
far-from-equilibrium accompanying of large conformational distortion in line

o I Al with the propagation of the tensile force along the chain backbone. A general

(iif) S framework is proposed, which captures such essential features, whereby can
@&m.- A= . . . . .
” account for reported various experimental data from a unified viewpoint.

Fig. 3: Schematics of the translocation process driven by  the action
~ of a moderate force. The front (represented by a dashed curve) separates

wrety  the steady state region under tension (designated by the colored area) and

S
<_,I ¢’ the rear part as yet at rest.
X (<R,

2. Original papers
(1) A. Kato, E. Shindo, T. Sakaue, A. Tsuji and K. Yoshikawa,
"Conformational transition of giant DNA in a confined space surrounded by a
phospholipid membrane",
Biophysical Journal, vol. 97, 1678-1686 (2009).
(2) M. Negishi, T. Sakaue and K. Yoshikawa,
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"Mismatch of bulk viscosity reduces interfacial diffusivity at an aqueous/oil system",
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3. Books

4. Presentation at academic conferences

(1) Takahiro Sakaue
“Diffusion at interfaces”

JPSJ Autumn meeting, Kumamoto, Sep. 2009
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Takafumi IWAKI

FIFC Fellow
(From 1 Mar. 2010)

1. Summary of the research of the year (from March 1 to March 31, 2010)
Theoretical study of photophoresis of a liquid droplet

When a temperature has a gradient, it sometimes induces a convectional flow, coupled with a body
force such as the gravity. This type of convection is called a natural convection, which is commonly
recognized in our daily life. On the other hand, there are convections of which mechanisms rely on a more
delicate effect upon a surface of the object. One example of this is the Marangoni convection arising from a
gradient in surface energy, and another is the radiometric effect arising from an inelastic reflection of gas
molecules at the solid surface with a temperature different from a gas. These two types of convection are
really highlighted in mesoscopic systems, and their behaviors are not fully understood as compared with the
natural convection. These convectional phenomena are particularly important in conjunction with the
transportation of a micro object. When the object is transported through the radiometric effect from a

temperature gradient induced by light absorption, this transportation phenomenon is called photophoresis.

o (o

<]

a) Radiometric effect in a free molecular case.
b) The case of a slightly rarefied gas.

Figure 1: A schematic representation of the radiometric effect. The Maxwell temperature of
impinging gas particles is different from that of outgoing gas particles influenced by a
surface temperature of an object. On the other hand, the densities of gas particles are same
before and after the reflection. This induces the difference of the pressure according to the
temperature difference. For the case of a slightly rarefied gas, interactions between gas
molecules heats the impinging particles, and the temperature difference between impinging
and outgoing particles decreases as compared with the free molecular case. Thus, in the

limit of a dense gas, the radiometric effect disappears.

Since the discovery of the photophoresis a century ago, theoretical studies of photophoresis have

focused on the photophoresis of a solid particle. On the other hand, the photophoresis of a liquid droplet is
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also important in a practical application. For the case of a droplet, the main difference from the case of a
particle is an internal flow induced by two effects; a viscous stress from an external air flow and a Marangoni
effect by a temperature gradient. Here, we theoretically analyzed the Navier-Stokes equation for a liquid
region with the (linearized) Boltzmann equation (Eq.1) for a gas region coupled through a Maxwell-type

boundary condition (Eq.2) with an accommodation coefficient a=1 (complete condensation).

azf+§vxf+vg(Ff):J(faf) (1)
ao, ox (_|§—VW|2
(22RT,)*" P 2RT,

[(€-v,)n>0] @

JXE)=(0-a)f(X,5-2(E~V,) mn, 1)+ )

The solution for the linearized versions of Eqs.1 and 2 coupled with the Navier-Stokes equation for a
liquid sphere was obtained by a spectral method in the second order and 5-th order for the system with an
axial symmetry. The second-order solution (Fig.2) is not necessarily accurate, but stable with a large Peclet
number, and is convenient for capturing a general behavior of the solution. When the Peclet number is less
than 1, the Green function almost linearly increases with a normalized radial distance r’, in which the
temperature distribution is almost determined by heat conduction. As the Peclet number increases, the
advection becomes to influence the temperature distribution. In this case, the surface temperature gradient is
determined mainly by the heat source in the shell region near the surface of a droplet. It is notable that the
photophoretic velocity and the Peclet number are linearly dependent on the surface temperature gradient,
respectively. When light intensity becomes larger, the system shifts from a temperature diffusion dominant
region to a temperature advection dominant region. According to this shift, the scaling exponent of the
photophoretic velocity shifts from 1 to about 0.5.

1.0

Pe = 0,03
Pe=1.0
Pe=20
Pe = 3.0
Pe=4.0
Pe=3.0

Pe =10
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H
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05 L
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Figure 2: Green function of the surface temperature (P;(cos 0) component, where P,(x) is
the Legendre polynomial of the n-th order) for a heat source function (P, component) of a

radial distance r’. The Peclet number Pe corresponds to the magnitude of the internal flow.
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Figure 3 is the 5-th order solution of the response function of the surface temperature (P, component)
to a various heat source function in the form of P,(1-2r’)P,(cos 0). These response functions can be
substituted for the Green function if the complete set of the response function for functional bases are given.
A finite set of the response functions, however, is also useful to discuss an approximate behavior. Response
functions for Pi(cos 0) heat sources monotonically decrease as the Peclet number increases. On the other
hand, response functions for other modes of heat source functions show a peak at around the Peclet number
of 10. For a small Peclet number, an advection carries energy from other modes. For a large Peclet number,

stirring by the advection becomes too strong and the temperature distribution is equalized in all modes.
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Figure 3: Temperature response functions at the surface in Pj(cos 0) component for the
heat-source function in the form of a) P,(1-2r’)Py(cos 0), b) Py(1-2r’)Pi(cos 0), c)
P(1-2r")Py(cos 0), and d) P, (1-2r")Ps(cos 0). The plus symbols are for m=0, the cross

symbols are for m=1, the circles are for m=2, and the diamonds are for m=3.

In summary, when internal flow is slow, a temperature distribution inside the droplet is determined by

the diffusion equation. In this case, the photophoretic velocity linearly scales to the radiation intensity. Only
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difference with the case of a solid sphere is its coefficient. When internal flow is fast, the temperature
advection changes the behavior of the system in a qualitative manner. We observed an asymmetric flow field
induced by a homogeneous mode of the radiation intensity distribution inside the droplet. While such a
mixing of modes is a characteristic of nonlinear phenomena, this case has a much simpler explanation. A
homogeneous mode is not an eigenmode for this system even if the hydrodynamic equation is linearized. On
the other hand, since nonlinear coupling exists between the flow field and temperature field through the
boundary condition, a nonlinear relation appears between the photophoretic velocity and the radiation
intensity. For a sufficiently strong radiation intensity, the photophoretic velocity scales to the intensity with a
scaling exponent of about 0.4, and the actual value depends on the intensity distribution inside the droplet. In
addition, the radiation intensity can switch the dominant mode of the radiation distribution, and a threshold

behavior is anticipated for the photophoretic velocity.
Original papers
(1) Takafumi Iwaki,

“Effect of internal flow on the photophoresis of a micro liquid droplet”,

in submission.
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X BT OITIERIRE(15:40-16:40)10 . F o AMBE D IT 135 24(16:40-17:40)IZ R A X —DIFFFIZ T

HEEIT- TSN,

ONIOM Study on a Missing Piece in Our Understanding of Heme Chemistry:
Bacterial Tryptophan 2,3-Dioxygenase (TDO)

(FIFC, Spring8) oLung Wa Chung, Xin Li, Hiroshi Sugimoto, Yoshitsugu Shiro and Keiji
Morokuma*

Annealing of Hot Giant Fullerene in presence of buffer gas: DFTB/MM MD
simulations
(FIFC) oB. Saha, S. Irle, K. Morokuma

DFT and ONIOM(DFT:MM) studies of myo-inositol oxygenase
(FIFC) oHajime Hirao and Keiji Morokuma

On the mechanism and stereochemitry of the Rh-catalyzed polymerization of
phenylactylene
(FIFC) oZhuofeng Ke

Free Energy optimization in ONIOM scheme.
(FIFC) oTsutomu Kawatsu, Keiji Morokuma

QM/MD Simulations of Single-Walled Carbon Nanotube Nucleation, Growth and
Healing on Transition-Metal Catalysts

oAlister J. Page (FIFC), Yasuhito Ohta (Nara Women's University), Stephan Irle (Nagoya
University), Keiji Morokuma (FIFC)

Chemical Bonding in Transition Metal Complexes with Beryllium Ligands
(FIFC) oPattiyil Parameswaran and Gernot Frenking

mno Rule for Condensed Boranes vs. Mingos’ Rule for Condensed Transition Metal
Clusters: The Missing Link
(FIFC) oSusmita De and Eluvathingal D. Jemmis

Non-adiabatic ab initio dynamics of a model protonated Schiff base of 9-cis retinal
oWilfredo Credo Chung (FIFC), Shinkoh Nanbu (Sophia U) and Toshimasa Ishida (FIFC)
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13.

14.

15.

16.

17.

18.

19.

20.

RFAFREFOBELILED DOEERE—FAET
(FLR S ELT) oM 2

Ras-GAP AT® GTP MK M RIGIZE T SRR
(GrF-HF) o BT HER, /IR THL, Fik HH

Double core-hole states of small molecules
(O3 7-0F) o AR IS B JTJRIETE, fEiE 77 S, EH, C.Buth, L.S.Cederbaum

A theoretical study on the structural change of the N-terminal domain of PYP
(FIFC, Chem. Dept., Nagoya Univ.) cMotoshi Kamiya, lwao Ohmine

Density-Functional Tight-Binding Studies of Pristine and N-Vacancy Defects in
Hexagonal Graphene Flakes

Lili Liu," Francisco J. Martin-Martinez,?> Jose A. Dobado,? Stephan Irle’ 'Nagoya University,
Japan Universidad de Granada,

Early Stages in the Nucleation Process of Carbon Nanotubes: Density Functional
Tight Binding Molecular Dynamics Simulations on Acetylene Polymerization on Fess
Cluster

(Nagoya University) Ying Wang, Yosgiko Ohta, Hu-jun Qian, Stephan Irle, Keiji Morokuma

ReaxFF simulation of fullerene formation in benzene combustion
(Nagoya University) Hu-Jun Qian, Stephan Irle.

DNA DB E D IR R ISR I S ER TR
(1 BRI 2 2 50KRBEEE) o B IUACK[1], #21L5A12], Hhit-#[1]

EMEAEUDFOBHBHIHRTVOVILDE—REBHE
(BT KB o AZ IR RFF ] - 25 B0 55 - e RS - M L il - A7 ks

BHBSEDAEV-AEVIBEOEBHHEIZDOLNT
(KRB THISEABR) o FHFN Y . AZIGEHIF ], Veiefnis | M oK, TArakis

CW /NILR ESR A EICKABRILMEMERAESCHILDEFIBEIZETIME

ol — A EFEFNE  DHE B, IGHFE], TPIEETA, AW, B W MR, A0S,
TALER
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EARMBTESZFAFIRSPHILORBEEEADRE —2RTEFEVMETILR
DIEEFBEELT—

(BRiRBEE) o¥pliy 8 A, Fhi% EEEH, 0% B e, Vel fifs, R Kl W fn,
Aaron S. Micallef, Graeme R. Hanson, dbJIl s, TA7 iiE

Weakly Exchange-Coupled Biradicals as Electron Two-Qubit Systems:
Determination of the Spin Dipolar and Exchange Interactions by Single-Crystal
Pulse-ELDOR Experiments

(M BRI 2 TR E T - BRORBEER -4 BB SR T % 7L — 342 - 8JST-CREST) o ift
FEEEE O pEAE O E b s T il = O T R A 0, /B2 T - Robabeh Rahimi® - 2k i i >
B S e R R T RS O 5L 3 R ©-Patrick Carl®- Peter Hofer® Tfi7 ik 14

NILABF-BEF _EBEHEBEKICKDITIVI—TILEBRESCHILOBS FEEDH

a4

(BT RBEEE) oty o8, Ha O, FROFMER], T EE, g (s, M H Ak, TR

/LR ENDOR %2RV =R FAEVARBFIAVE2—42ET /L% DP'°NO-ds @ Bell
IKRED A& Rk 5T 4

(M BR RRR B - 2 3T KBRS B B -4 K SRR T - *JST-CREST) o # BF 4k i -

PE R O hiE e MO RS 15 Robabeh RAHIMIZ- & mfnts M5« th H okl V- 2w 5k
NS 40 ThrakyR

RS FROFEBRIEAENRESSVHILAFDEERAIHETE
o PR R (MR ORIE R L) | oK FH RO (BoORBe S5 1) | Sl FES W] (RERSITBE PE o 7 —) | KB
Z(ERMIBET B2 —) | AR (BRORBEER)

LC-UDFT LIk AR —EBEN FROEME_BIMBEDEE
(PR ERET) of #55. Sean Bonness. KM 50, &6 S50, P8

=BT STIVF/ITL—IDSELEARD FRDAEVIRELEDSDHILEDEEK
T
(KPR T) ok FFE AHIERE FFE miETee] e

—ERRADFEERETLICETAI XN AREESDREERFEICEATLHMR
(BRORBESEE T) oPg it JF5e . mff el sPEpHEh

—BIEVSVHILDFEFDIDAIAFT D EZBLEERIZEETIEHHITAE
(FoRPeE L) ofd 2. KW FE, FEra e, miiGseid, HEFHEH
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30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

AT ST+ /IL—ODOSOHILEAFERED D IBO BRI
(B A2 KR 1) o Ak H AR, K F U, BESa e, kG oenl . P epsE

JEEEMEFEN A RICHITHF 5 HIER
OUKBEEE - B REL T - L7 7 7 EEF) o Hilk—HS, Alexey D. Kondorskiy,
RS

Binding free energy calculation of B-lactam inhibitors in the covalent complex with
methicillin-resistance S.Aureus
(Ha Noi University of Science) oNguyen Hoa My, Dang Ung Van, Truong Nguyen Thanh

Folding pathways of human telomeric type-1 and type-2 G-quadruplex structures
(FUKREEEL ' NEC Y7k 2 o Fan¥ ', ZF#iA " KRR 2 Ll

HIRBERR L DOEF- RO ERMME
(ALK - Bi) ORI IEA

15,16,17 ITe>ANTAOTRILEMERZSCHILORE) T4OBMRKRIGIZEET HHE
CHEKALHE, 2R RE 2 —) o F i e — ' IiF% " Lung Wa Chung?, FEAEZE 1A 2

BOERICKDHIREHDHE -EEAKFEHROREIZDONT-
(BRI ME M BE 2 JE T o SRR B, R0 55

KDEZEEN NN FRIZLDIRENEERRFE L= KRS FDERK
(RURBE- T) P E3Eh, BILIER | [ A4S, T E R, oIl B (Ab < - AKIEAF) 18 50 1 Asf
(Univ.of Bristol) Michael N.R. Ashfold (Queen's Univ.) Hans-Peter Loock

FEILIFRAKDEADRIZKYERLIZOHSHILDEEHRH
(RURPBE- 1) o 1L IEBT [ A4S, PG, BT % . I Eff (Leiden Univ.) Stefan
Andersson

TEILITF7RKDED KD FDEZEEN SR BE R
(KB T) ol ANAS, SRILIERA ., PEEth, 5 PR, IR & (AKX - ARIRATF) I8 0 e kst
(Leiden Univ.) Stefan Andersson (Univ. of Bristol) Richard N. Dixon, Michael N.R. Ashfold

HALFER N I2HE T DA E RIS D O FIEAREE (CBE I S ERAIB 2T
(RORBE 1) oA IR, )17, i

FEHRMES T F—AREHD R AL T
CRRHD) o Fafit, KHEFMESR
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EREDELEEZERBLI-BHINIILE—R
CRURBERE) o/ MZETE, MEE

BBRAEIRERGOERHIAE ~BHIEFHBEOERMEICONT~
(R BeEE) o BREESC, P W5 1L, e EEL At

KKREICHITHILFERICDIERHIZE
CRRBRED) o228y BRI B

7-FTHAUR— L2BROMEKRES TIL IO BEREDORIEEAFIIRIZHTS
BRI EE
GrERR - B o Z2 R, NIHE F kT

QM/MM %I &BBRAIEERIEDEBHIRIILY—EE
CRRH) o AR E

RILIA)VERETT— LY - BED—RUF/Fa—TEEIRIIRI—EMHFERE
B RS E S ESIEF 4 E/Film Morphology and Photoelectrochemical Properties
of Semiconducting Electrodes Modified with Ternary Composite Clusters of
Porphyrin- Fullerene Linked Dyads and Single-Walled Cabon Nanotubes

(FUKBE L -iCeMS) ofil |5 S, FHGLHE. eIl A, (REFERE, 408 4

Synthesis, Structures, and electrochemical properties of Naphthalene-fused
phosphole derivatives

(FURBE L 5UK iCeMS sURAEHF)oA. Saito, T. Miyajima, Y. Matano T. Fukushima, H. Kaji, H.
Imahori

ROE—BEREAOMENFMEIL: 7ILy 2 BERERET /350 LEERE
HILRFBD RIS
CRARBET) o ANAR T, A28 B A

AIAUR) o DERERIRRKZFIE C-H RUIEIZEBR)IILAVAVR—ILDERL
CRABET)  RATENE, o RIEIE =, A8 Bk

BFREHEICIDS I OA—RF)IT—DERSBEICETAHLHRT LIV U EREED
fiZBA

ORURBE L) oS | R 575 | VR S, fil ar
Bonding Nature and Electronic Structure of New Ethynediyl-Bridged Bis(Silylene)
Dinuclear Tungsten Complex: A Theoretical Study

(RUKBET) oMausumi Ray, Yoshihide Nakao, Hirofumi Sato, Shigeyoshi Sakaki
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Program

July 19 (Sun):

9:00 .
Director
CREST Bio Session
Chair: Shigehiko Hayashi

9:10 Richard A. Friesner
9:40 Kazunari Yoshizawa
10:10 Todd Martinez

10:40 Break
Chair: Toshiaki Matsubara

CREST Symposium

11:00 Junya Hasegawa

11:30 Qiang Cui

12:00 Weitao Yang

12:30-13:30 Lunch
CREST Transition Metal Session
Chair: Djamaladdin G. Musaev

13:30 Feliu Maseras

14:00 Chantal Daniel

14:30 Christophe Bichara

15:00 Break
CREST Nano Session
Chair: Alister Page
15:30 Gustavo E. Scuseria

16:00 Kim Bolton

16:30 Susumu Saito

17:00 Stephan Irle

17:30 Shigeo Maruyama

18:00 Keiji Morokuma

Shigeyoshi Sakaki, FIFC

C-01
C-02
C-03

C-04

C-05

C-06

C-07

C-08

C-09

C-10
C-11

C-12

C-13

C-14

Opening Remarks

Density functional based QM/MM studies of
metalloprotein active sites

QM/MM Study on Oxygenation Enzymes
Photobiology and mechanochemistry from first
principles

Excited states of photofunctional molecules in
protein environments

Multi-scale models of biomolecular processes:
developments and applications

Free energies and mechanism of chemical
reactions in solution and in enzymes with ab
initio QM/MM method

Cross-coupling reactions: calculations do help
mechanistic understanding

From small to large transition metal
complexes: quantum theory of electronic
excited states

Modeling Nickel-Carbon alloys to study the
catalytic synthesis of Carbon Nanotubes

Carbon nanotubes and grapheme nanoribbons
Computational studies of single-walled carbon
nanotube growth

Abundance of C60 revisited: A microscopic
formation process of fullerenes
Density-functional tight-binding molecular
dynamics simulations of carbon nanotube
formation

Nucleation of a Single-Walled Carbon
Nanotube inside a Nanotube

Welcome Reception
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July 20 (Mon): "Birthday" Symposium
Molecular Structure & Functions Session
Chair: Seiji Mori

9:00 Shigeyoshi Sakaki

9:30 Suehiro lwata

Chair: Alexander Mebel
10:00 Masanori Tachikawa
1030 Break

11:00 Michael J. Frisch

Chemical Reactions and Dynamics Session

Chair: UIf Ryde

11:30 Seiji Mori

12:00 Kazuo Kitaura

12:30-13:30 Group Picture & Lunch

13:30-15:30 2hr poster session

Chair: Junya Hasegawa
15:30 Djamaladdin G. Musaev

16:00 Koichi Yamashita

16:30 Alexander M. Mebel
17:00 Break

17:20 Toshiaki Matsubara

17:50 Satoshi Yabushita

18:20 Mori, Tachikawa
19:00-21:00 IP:laezuo Kitaura, Stephan

B-01

B-02

B-03

B-04

B-05

B-06

B-07

B-08

B-09

&# (2009)

CCSD(T) Study of Large Transition Metal
Complexes with Frontier-Orbital-Consistent
Effective Potential

Perturbation Expansion Based on Absolutely
Local Excited Molecular Orbitals and
Application to Molecular Clusters

Nuclear Quantum Effect on Hydrogen Bonded
Systems

Recent Advances in the Exploration of
Potential Energy Surfaces and the Prediction
of Vibrational Spectra

Important insight into Reaction Mechanisms of
Organic Syntheses and Biosyntheses from
View of Computational Chemistry
Quantum-chemical calculations of large
biomolecules with the fragment molecular
orbital method

Computation aided catalyst design: visible light-
driven water oxidation

Quantum transport of single molecules and
solid interfaces

Growth mechanisms of large organic
molecules in low-temperature conditions of
Titan's atmosphere: from polyynes to PAH

Application of the ONIOM-molecular dynamics
method to the chemical reactions. A new
theory of chemical reactivity

Theoretical study on the f-f transition intensities
of lanthanide trihalide

systems

Poster Award Ceremony

Birthday Party
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July 21 (Tue): CREST Symposium
CREST Nano Session
Chair: Stephan Irle

9:00 Boris I. Yakobson
9:30 Henryk A. Witek
10:00 Atsushi Oshiyama

10:30 Break
11:00 Younghee Lee

11:30 Shigeru Nagase

CREST Comp Chem in Industry Session
Chair: Masanori Tachikawa

12:00 Shinichiro Nakamura

12:30-13:30 Lunch
CREST Bio Session
Chair: Kazunari Yoshizawa

13:30 UIf Ryde

14:00 Shigehiko Hayashi

14:30 Shigenori Tanaka

15:00 Lung Wa Chung

15:30 Walter Thiel
16:00

C-15

C-16

C-17

C-18

C-19

C-20

C-21

C-22

C-23

C-24
C-25

Relaxation mechanisms in nanostructures
through theory and computations

When finite becomes infinite...
Nanometer-scale shapes that produce
unusual properties of carbon nanomaterials

Engineering electronic structures of carbon
nanotubes: Theory and experiment
Structures and reactions of endohedral
metallofullerenes

Theoretical Chemistry in Chemical industrial
researches

A comparison of different methods to calculate
reaction energies in proteins

Molecular mechanisms of enzymatic activities
in motor and photoreceptor proteins

Large-scale biomolecular simulations based on
the fragment molecular orbital method

Our ONIOM journey of metalloenzymes and
photobiology

QM/MM studies of enzymatic reactions
Adjourn
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P-02

P-03

P-04

P-05

P-06

P-07

&# (2009)

International Symposium on Theory of Molecular Structure,
Function and Reactivity

and
CREST International Symposium on Theory and Simulations
of Complex Molecular Systems

1:30-3:30 pm on July 20, 2009

Ver.6 (July 7,2009)

Poster Program
JENESYS participants (including award applicants)

Effect of hydrogen bonds to the OH stretching mode of bicarbonate in general
aqueous solution

Viwat Vchirawongkwin and Saowapak Kasemsook

Faculty of Science, Chulalongkorn University

Computational Study of a Bicyclic Cyclophane Nitrate Receptor general

Huifang Xie and Ming Wah Wong

National University of Singapore

Reliable DFT Method for Determining Bond Dissociation Enthalpies: The Case of young award
Green Inhibitors (Poster)

Pham Cam Nam, Le Minh Duc, Minh Tho Nguyen

Danang University of Technology

Systematic investigation on the methodology in the binding of GW420867X as young award
NNRTI by using quantum chemical calculations

Patchreenart Saparpakorn, Peter Wolschann, Alfred Karpfen, Pornpan

Pungpo, Supa Hannongbua

Kasetsart University

How does single water play a role in the binding pocket of wild type young award

and Y181C HIV-1reverse transcriptase with nevirapine, examined by

molecular dvnamics simulations and MM-PBSA calculations

Witcha Treesuwan and Supa Hannongbua

Kasetsart University

First-Principle Studies of Straight Armchair//Zigzag Carbon Nanotube Junctions voung award

for Molecular Device Architectures

Anurak Udomvech and Teerakiat Kerdcharoen

Faculty of Science, Thaksin University

Effects of Tube Diameter and Boron-Nitrogen Doping on Electronic Structure of student award
single-walled carbon nanotubes

Arthit Vongachariya,Vudhichai Parasuk, and Thiti Bovornratanaraks

Chulalongkorn University
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P-08

P-09

P-10

P-14

P-15

P-18

P-19

P-20

P-21

P-22

P-23

Poster Program
Award applicants

Zinc-Homocysteine binding in Cobalamin-dependent methionine synthase
S. Abdel-Azeim, X. Li, L. W. Chung., K. Morokuma

Fukui Institute for Fundamental Chemistry, Kyoto University

Structural and electronic properties of chiral SiC nanotubes

G. Alfieri, T. Kimoto

Kyoto University

Molecular Single-Bond Covalent Radii for Elements 1 - 118

Pekka Pyykko, Michiko Atsumi

University of Helsinki

Reaction Mechanism for the Formation of Pyridine-2-one and Pyridine-
2-thione from Cobaltacyclopentadiene with Isocyanate and
Isothiocvanate. A Theoretical Study

AbdelRahman A. Dahy and Nobuaki Koga

Nagoya University

DFT and ONIOM(DFT:MM) Studies of myo-Inositol Oxygenase

Hajime Hirao and Keiji Morokuma

Kyoto University

Hydrogen atom and graphite surfaces interaction by molecular dynamics,
Monte-Carlo and ab-initio calculations

Atsushi Ito, Takahiro Kenmotsu, Kaoru Ohya, Kenmotsu Inai, Ying Wang,
Stephan Irle, Keiji Morokuma, and Hiroaki Nakamura

National Institute for Fusion Science

Palladium-Catalyzed C-H Bond Amination: Mechanistic Study and
Computer-Aided Catalyst Desian

Zhuofeng Ke, Thomas R. Cundari

Fukui Institute for Fundamental Chemistry, Kyoto University

Symmetric Band Structures and Asymmetric Ultrafast Electron and
Hole Relaxations in Silicon and Germanium Quantum Dots: Time-
Domain Ab Initio Simulation

Kim Hyeon-Deuk, Angeline B. Madrid, and Oleg V. Prezhdo

Kyoto University

Quantum Monte Carlo Study of Positronic Hydrogen Cyanide Molecule
Yukiumi Kita, Ryo Maezono, and Masanori Tachikawa

Yokohama-City University

A Theoretical Study on the Nature of On- and Off-States of Reversibly
Photoswitching Fluorescent Protein Dronpa

Xin Li, Lung Wa Chung, Hideaki Mizuno, Atsushi Miyawaki and Keiji Morokuma
Kyoto University

DFT Calculations of the CN and NH, Substitutional Effects on the
Geometrical and Onbtical Properties of Vinvi-Fluorenes Model
Wichanee Meeto, Songwut Suramitr, Vladimir Luke$, Peter Wolschann,
Supa Hannongbua

Kasetsart University

Healing of SWNTs During Growth via Ring Isomerization: Towards
(n,m) Chirality Control

Alister J. Page, Yasuhito Ohta, Yoshiko Okamoto, Stephan Irle, Keiji Morokuma
Kyoto University

Surface Diffusion Dynamics of a Single Polymer Chain in Dilute Solution
Hu-Jun Qian, Zhong-Yuan Lu

Institute for Advanced Research

Neutral vs. Zwitterionic forms of SAH ? Comparison Interaction of the
Mycolic Acid Cyclopropane Synthase as Tuberculosis Targets with
SAH Cofactors: An ONIOM Studv

Darinee Sae-Tang and Supa Hannongbua

Kasetsart University

Density functional method including weak interactions: dispersion
coefficients based on the local response approximation

Takeshi Sato, Hiromi Nakai

Waseda University

Chemisorption of Hydrogen on Graphite (0001): Spin-Polarized
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P-24

P-25

P-26

P-27

P-28

P-29

P-30

P-31

P-32

P-33

P-34

P-35

P-36

P-37

P-38

P-39

Density-Functional Tight-Binding Molecular Dynamics Simulations

Using G2MS-Derived C-H Parameters

Ying Wangq, Atsushi Ito, Hiroaki Nakamura, Stephan Irle,and Keiji Morokuma

Nagoya University, Kyoto University

Molecular and Electronic Structures of Di-erbium and Di-erbium-carbide
Metallofullerenes Er,(C,)@Cs,: Density Functional Theory Calculations

Jian Wangq, Stephan Irle, and Keiji Morokuma

Nagoya University, Kyoto University

Ab Initio Studies on the Nonradiative Decay Mechanisms of Guanine

and Xanthine

Shohei Yamazaki, Andrzej L. Sobolewski, and Wolfgang Domcke

Technical University of Munich

Development of efficient computational scheme for four-component

relativistic GMC-QDPT and application to molecular systems

Ryo Ebisuzaki, Yoshihiro Watanabe, Haruyuki Nakano

Kyushu university

Density-functional tight-binding molecular dynamics simulations of the
self-capping process in open-ended (n,n) SWCNTs (n=3 to 10)

Hironori Hara, Genki Ichinose, Stephan Irle

Nagoya University

The analysis of sodium hydroxide water cluster by using ab initio path
integral molecular dynamics

Akihito Koizumi, Motoyuki Shiga, Masanori Tachikawa

Graduate School of Nanobioscience, Yokohama-City University

Density-Functional Tight-Binding Studies of Pristine and N-Vacancy Defects in
Hexagonal Graphene Flake

Lili Liu, Francisco J. Martin-Martinez, Jose A. Dobado, Stephan Irle

Institution of Advanced Research, Nagoya University

Study of amino acid models for coarse graining of protein.

Shunsuke Mieda, Misako Aida

Hiroshima University

Two-Mode Circular-Polarized Laser Control of Exciton Recurrence Motion on
Double-Ring-Shaped Aggregate Model

Takuya Minami,Hitoshi Fukui, Hiroshi Nagai, Kyohei Yoneda, Ryohei Kishi,

Hideaki

Osaka University

Development and Application of ab initio Docking Procedure Based on
the FMO-ONIOM Method

Sayaka Motoyoshi, Kenji Yamagishi, Sachiko Yamada and Hiroaki Tokiwa

Rikkyo University

Alternating Copolymerization of Polar Vinyl Monomers with Carbon Monoxide

Akifumi Nakamura, Kagehiro Munakata, Takuya Kochi, Lung Wa Chung,

Keiii Morokuma, Kyoko Nozaki

School of Engineering, The University of Tokyo

Dioxygen Binding Mechanism of the Iron(lll) Catechol Dioxygenase: A
CASPT2 Study

Naoki Nakatani, Yoshihide Nakao, Hirofumi Sato, and Shigeyoshi Sakaki
Graduate School of Engineering, Kyoto University

Benchmark Studies of Acetone Interaction on Graphite Surface
Yoshifumi Nishimura, Takao Tsuneda, and Stephan Irle

Nagoya University

Theoretical Studies on Endoperoxide O-O Bond Cleavage Catalyzed by Iron
Porphyrin Complexes

Jun Ochiai, Tetsuya K. Yanai, Seiji Mori, and Tsunehiko Higuchi

Ibaraki University, Nagoya City University

Theoretical Study of Tungsten Dihydride Silyl Complex: Non-Classical
Bondina Nature and Novel Fluxional Behavior

Mausumi Ray, Yoshihide Nakao, Hirofumi Sato, Shigeyoshi Sakaki

Kyoto University

Unusual Reaction Catalyzed by Cytochrome P450: Density Functional
Studies on Prostacyclin Biosynthesis

Tetsuya K. Yanai, Seiji Mori

Ibaraki University

Nonlinear optical properties of rhombic and bow-tie shaped graphene
nanoflakes in open-shell singlet states
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young award

student award

student award

student award

student award

student award

student award

student award

student award

student award
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student award
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student award
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Kyohei Yoneda,Hiroshi Nagai, Hitoshi Fukui, Takuya Minami, Ryohei Kishi,
Hideaki Takahashi, Takashi Kubo, Masayoshi Nakanc
Osaka University
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Poster Program for General Participants

P-40 Theoretical study on the S-S, relaxation pathways of realistic diphosphenes
Yoshiaki Amatatsu
Akita University

P-41 Theoretical study on the gold catalyzed C-S bond formation of a-thioallenes
Kaori Ando
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Detailed schedule of JENESYS program

Wednesday, July 8
by noon; Group C participants arrive at Seifu Kaikan hotel in Kyoto
1230 Walk to FIFC, led by Ms. Liu
1300 Registration at FIFC
1400 (Group B members also join at this point)
1400 Welcome to JENESYS and logistics (Dr. Morokuma)
1500 Introduction to FIFC and activity of Ishida Group

(Prof. Ishida)
1530 Activity of Morokuma group | (Dr. Alister —nano projects)
1600 Activity of Morokuma group 2 (Dr. Chung- bio projects)
1630 Reception (JENESYS participants and FIFC members)
1800 adjourn

Thursday, July 9

930 Presentation of JENESYS participants (10 min from each participant)

1130 Activity of Ohmine group (Dr. Kamiya)

1200 Final logistics (Dr. Morokuma)

1230 Walk to Kyoto University north campus and have lunch

1400 Visit Kato-Hayashi-Tanimura Group at Faculty of Science (science faculty bidg 2, room 218)
1400 Overview of theoretical groups

1420 Seven presentations of Jenesys participants

1540 Presentations of theoretical groups

1620 Visit labs

1700 End visit. Walk to the main campus and confirm the shuttle bus stop in front of the clock tower
1730 Adjourn

Friday, July 10

850 Gather at the bus stop in front of the clock tower of the main campus

910 Shuttle bus to Katsura campus leaves punctually (If you miss the bus, the next bus leaves at 1035)

1010 Bus arrives at Katsura campus. Get off at the first stop (A-cluster). Nakatsuji group picks up at the
bus stop.

1020 Presentation of research of Nakatsuji group at Quantum Chemistry Research Institute(QCRI)

1120 Seven presentations of JENESYS participants

1230 Box lunch at QCRI

1330 Walk to Sakai Lab, Kyoto University

1345 Seven presentations of JENESYS participants

1500 Presentation of research of Sakaki group, Faculty of Engineering, Kyoto University

1620 Visit laboratories

1700 Dinner at Coop dining room

1820 Shuttle bus leaves

1915 Arrive at clock tower of the main campus and adjourn

(ERL 21 FE)
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Saturday, July 11
Free. Enjoy visiting sights in Kyoto.

Sunday, July 12

~800 Group C Leave Seifu Kaikan hotel

~830 All gather at the main gate of Kyoto Station
902 at Kyoto station take Nozomi #220 train
1116 Arrive at Shinagawa station. Change train
~1140 arrive at Takadanobaba station

~1200 arrive at Hotel Sunroute Takadanobara

~1300 Students from Prof. Nakai group will come to the hotel and take for sightseeing

Monday, July 13

1030 Students from Nakai group pick up at the hotel

1045 Arrive at Nakai group, Waseda University

1100- Discussion 1 (group B and Nakai group presentations)
1300- Lunch

1500- Discussion 2 (group C and Nakai group presentations)
1700- Reception

2000- ?7?

Tuesday, July 14

730 Check out hotel

740 Leave Takadanobaba station

820 Arrive at Hamamatsucho station

900 Hato Bus tour (half-day tour of Tokyo) leaves

1200 Tour ends. Lunch

~1300 Leave Hamamatsucho station for Shinagawa station
1334 Kodama#650 leaves Shinagawa

1542 arrive at Toyohashi. Change train to Meitetsu line
1553 Metetsu leaves Toyohashi

1618 Arrive at Higashi-Okazaki// Walk to Mishima lodge of IMS

Wednesday, July 15

845 Walk from Mishima Lodge to IMS (Prof. Nagase’s office)
900 Overview of theo/comp research area of IMS

915 Presentations of JENESYS participants

1115 research presentation of theory groups 1230 lunch
1330 visit UVSOR facility

1415 presentations of computational groups.

1500 visit research center for computational science

~1600 leave Higashi-Okazaki by Meitetu line

~1730 Arrive at the guest house, Nagoya university
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Thursday, July 16

1000 Visit Irle group meeting, IAR, Nagoya University
1040 Seven presentations by JENESYS participants

1150 Presentations of Irle group members
1250 lunch
1350 Presentations by chemistry GCOE

1420 Visit of Prof. Hisanori Shinohara lab (Science)
1500 Visit of Prof. Eiji Yashima'’s lab (Engineering)

1600 Leave Nagoya University by subway
~1700 Take Shinkansen from Nagoya to Kyoto
~1800 Arrive at Kyoto, adjourn

Friday, July 17
Gion Festival in Kyoto, enjoy

Saturday, July 18
free

Sunday, July 19
900 International symposium at FIFC
1800 Reception

Monday, July 20
900 International symposium at FIFC
1900 Banquet

Tuesday, July 21
900 International symposium at FIFC
1600 Adjourn

Wednesday, July 22
900 Final discussions at FIFC

Thursday, July 23
Group C members head back to home
Group B members continue research
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