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TS (IRhEEHRETH AINZITLC Lo Y
OHTD roaming TS T&)ZDO \_O)fﬁ\ A For diatomic cases /

1% D1-TS -~ T NO+O, |+ Flran)=ECap )+m

57>, D1/D0 connical intersection % SN gned i
~T DO IZFEWTEGERL L DO-TS Z2~T induced reactons as rea

fEBEST 2 WT I ORKELDT 2. AFIR =0 HAM A

LINTES, DI-TS 1T 0..0 FEREASEL
AL, REEL 72 O 1 ZNTR T IO IZIRE L 23 D72 D2 L, DO-TS 1% O..0 FREEMN
g R, fREEL 72 O, lX @ WiEBIhE 27~ 7, ZORER, FEIRO TE TV o 7= Ehafh
TSI, HEIREETD raoming MMEUO TGN/ -7=[35], 2012 (272> THLWE
%ﬁﬁ?iojocbn T TV DRTEIZEL ST, Fox BEGHHNIC TR U7 SO 3 iR
V. Science FEICERF EBRO LRI IEIH SCELTRES NI
GRRM 1%, A > XD K SICKT L TIEART /L i B 8RR TH I ThHN, 2

A FEIFXZNLL OO ET DI BR%R A+ B (+C-++) = X IZHLTIE, 3L
BHENEIE 20T, ZOLI7R R RITE WO THEB IR HE %oq:rﬂ'ﬁmwg \ZRHBHND
JOT e x I3 AR T Y VIEIZ N LM A5l I &N Z2 % artificial force-induced
reaction (AFIR) JEZBAFL ., RMANC ISR ERTRTH7 27T 2% HELT (K 2)[54,
28], B2 HFIOMBE o 2 Y IBIRT 5L, A+B BIORT v /LS EREN Y 2 . Bz 5]
FIENT 2%, ZOMREE CREE B b AT TO & AB AR S s b S 505, 2o N TR I



BO(a =OEEISTWDO T, 220 5HH20 TR (b2 LE D A G ) i sk
5o Foo NIRRT VEI DM SO EDOBEBIRENE IR ES, K2 1XA LB HE
FF5FORAEDREN, 2T FRHHITNOEDS FRERICES UK ST 55
AITHEICIEIETX S, 20848 A LB OEE A-B #EED F0ET 2 MR ILE S
T AFIR #HEEITAIX, FREZR USRS DT X THONDLE ThDH, Fo. ZOHIETRTV
T VIEIE O ZZZE S MSX 23RO D EIThiEE L, B OfEsE (SEIR) /7 1-IZ DB IX
S (BRBESCO D5 1 BERE) IZBHL T SERHERIS N CWA3HEIH/1 EHAR A M INIbIcm L
F—MEAEED B/ H3HEIE/ 1 HIAAZ 2 & L L72[36],

Z® AFIR %, RCOOH + R,CO + RNC D355 FFitc b U THBME 2 H B EICH#H > T
% Passerini SIS LTIZEZA, 39 IS DOREEE L E < TR Z D AT HEME LAV DS,
B VEDEE 53 1 DML U CRUSIZ SN 5455 - BOG IEFREE DML, 20 KIS DB D&
R THHIEE M ULE[39], BUE, EHIZ% LD MRS FHEEOEG DEOFEREOfF ] ~D &
HNEITHCThHD,

E5I2 AFIR % EMEAEEFE HCo(CO), & C,H,. CO. H, DA B IR SGSIT I L . fi
BER S A7 V%85 TC, HCo(CO)y AT A UNEIE M bt T Lo W02 e 2 B #hi
IR LTz, 22Tk, 100fE1ZE O RIRe7e R A2~ THE T T 52O ISR DI B £
CoHy DL, ZDAERINZ CO MG L, SHIZ, Hy MG LT1% | A DB T 5728 1%
DB FINAF —PMEL, ERSRBE THHZEERHTLEBIZ, DN TZRLF =DKW
DD DRI T AR B EUE R Fo72[2], ZAVUCELIZFFREILPC 2 /—R &> Tl
BILAN TdH -T2, ZORENE, BHE RS A7 N O SOSEEHO B B ERZR O Al GEME A BRLD
DTHY, SHEILICAEET TH TN TETHD,

GRRM{EB IWNAFIR IEDORFRIT, HICH & RIEL2S B BRI TN EEHL T, T
L7aWEE N R EL LV LITH D, 6K IEIL, Fcid b Uiz i s CEr i | BB IR e,
M[SX ZR ) DOHEEREED D L TR 21T o T e | HEE D002 S 1A
EENDATREMEN B o7, FTLWFIETIXRLINAT AR UICHEEZR D DD T, TDIH720
B2\, 72730 | ZOFHEZAE > TEMESDS DL 500 OSSR ORT 2 Vi & B BRI
BRTDEVIAREMENKEL o7 b T 25, IHIT, ZOBR T IE T BRI DMALIIIR
HHENDDT, I—ROWFULRAHETHY, IR R A— =2 “ 50 OF| RN F =N HHTC
D, Bzl d, BHE SR O 2RO AEiEELZ B L T AR RESE T 5[28],

GRRM 7’07 T AL, KEFA iR A2 I T, EE IR CARSN TV D,

A-2 % )& ONIOM {E~DOFE IR R REDZEA

%J& ONIOM JE~DJEMVESE RSB ADE LT, AR RS E b5
FLNATHEZR DETB 725 TNZ VASP & ONIOM FHRD A EZ: Gaussian ZkH A A o8 TS A
ZBRIE L. ONIOM(QM: QWi &7 17 Z MFIIELAEBI T2 591272 7=, £/= ONIOM(QM:
MM)Z VTR B % O KRIFCRIRIR N R 2 HHDIZE O DT80, MM 5 (2 JE 5 R 4
T 3 D05t a D T D,

A-3 % J& ONIOM EDEHEMDRREE

ONIOM(QM : MMVEIZF N TR, 3l MM 3 13 MR L7V DT QM 5843 D43 fi At
SIS AIBEMED DD, BRI 1D 3 fBOFER 2R 5T 5728 MM #5455 O —HR 232
IR LA THROHS 38 ONIOMQM: QM : MM)M3dhD, 20 7 DS HEM: 2 BRI
PEBSRAEL | AR O B b5 AW 8 S E Ky 7 D iR 2 N Riik 35 2 L %1
I DEEBIT, ZOFEOEANITET D USRI S ~D G 22 21T -72[85,
601, SHIZ, OB FEE I K-> THEMES T RO FE O DIZBEIZ AR STV 2 Fragment
Molecular Orbital (FMO){£ED# % J5% ONIOM ¥ED HFIZHD ANDH LW IEEZERL, £
DIz DT 77 AOFRAMERH FERR LT DT, i B2 R I3 U TE M OMGEE EhiL 7o, £
7o HEIRAEIZ KL C ONIOM EZISH T DBR D IREHL R, &7 VO AT 72 E DSA:
IZOW T RO DY AR TR ORIEIREEIZ BT D L RS~ LT,



B HESFEMRICESENFEHT 12— a FEORKE
B-1 LA — N2l — g ORI

HEE RIS FE N o2 — v aidn + NGBS IE Sy FE %
PRzl —aiZbX DFTB T10°% DFT T10%ERDICH 03D 7280, MY 1~
O IR EEA LD, 2 TZ AT — A2 —a BFITTHRREL T, HiER T
B0 FEN 1 Rab— v ar HREEEE TN NETHLEE 2 BTV T iERwm D
B E ) —KZEOT N—T LW 1 THERE LT-, H71EIT Liouville-von Neumann (LvN)
EHBNCESNWTE B EITHEZRMEREIEHHD TH5H([82], Born-Oppenheimer
Molecular Dynamics (BOMD) i, 4

AT T TT7 A7 (BHHNF, 23— Liouville-von Neumann ab initio MD
L L) {TH% SCF 12725 £ THEDIK gy e Sciicay ot
LAt T BB NRHHD, LN 1ET @E‘g‘bﬁﬁ’ g s,

L N - ‘saﬂ I o Ll -ﬁ:vm;dsecﬁgnnigllizaliﬁn
&j: X‘T % /”: hj: /ﬂé < M‘g fcﬁ l/ \o — 0) /‘f_f'; N %ﬁ -inlrinsicall)?ummr\_.' !
Car—Parrinello  Molecular Dynamics e baneidiladad
(CPMD) &)éb \ci ab ll’llth MO]QCU]&I‘ i :“\rfe:lmlzl‘t‘;\lfcp:r:el (classical) for nuclei:
Dynamics (AIMD)EFHELL TWB A3, M(;f“jz
:m%@jj‘/fkéb \\ {}ij‘gﬁ@fcﬁ%%@ L — . ; = Density rtia‘l;;ﬂ_vm for eleclrons:
EBHEERLRVOT, M= | e o)
— I+ BOMD & RIL<EE i 34 ) oM TNR| | ins
FERBHET S, il ZOHFEICES ) S PUPO-HER S IR IR
W='a T A0y Gaussian CTIEHIZ ' ' '
BETAIICR, a—ROxE{l. 3. Liouville-von Neumann MD £

Bk R A LR T D DI B2 FE 11
FEORESETT ol RFEDONERE FiFH7=8 . graphic processor unit (GPU) (215 E&E
bz, 7 AV A — IV PESNAR LT D 7 v — T LS [E TR Lz, ZOfE Rz oW TiE .
Jakowski, S. Irle and K. Morokuma, Quantum Chemistry: Propagation of Electronic Structure
on a GPU, in “GPU Compute Gems Emerald Edition” ed. W. W. Hwu, Morgan Kaufmann
(Elsevier), 59-74 (2011). DOI: 10.1016/B978-0-12-384988-5.00012-7 IZFFL<HEE I TV
D

B-2 £J§ ONIOM (EIZbESEN I HERIT I2L— T a FIEOR R

ONIOM(QM : MM)IZ35V VT, MM #8543 DI T B 2 B L QM H 7y OfEiEZ2 3 h—
FF— E TR T 572012, H T p VX —B#ik26 425 E07 0 s 7 55D
IZH =X —AEIEO T 07 7 L %I LT, A5 E E OWFFRICFIH L7Z[38],

Fo AEREHE T RO WACFE IS D X AT 07 ADRRIEDT=8 . ONIOM IEIZ L DR T
Ty /L% on-the-fly (ZFHE LS HE) ) FEE) HFE R AT 0 s T L EBRL, fix OT
AR EFEIT LI, 207 ar T A, WHEE H E-4 OWFFEICRI S i7z[45, 27],

B-3 KW« EENKGRA DD DEFHAFIv7 RAED %
AL T —<IZBE LT, (1) RISM-SCF {EIZOWTOH LWHIEDORFE[112, 114], (2)
IR NALSE R OIS X A7 A[113, 117]. (3) QM/MM {EZ AWMy %D H
= %L — i B C ORISR O PR TE 15D BRFE L% 8 SO ~D I F[115, 116], 8L TNM4)
charge response kernel E&H W=/ A[GENGET VOB LS T Iab—Tailon
THFE AT 572 [118], (DTI, o7, TE - I IR O FLEREEFE A AEH 2508 35720 | B
ST OMEAER S BICHRT e Va2 ERL, ENEH O TRE - IS 1 2 #kE A
VERZZFT HIEOB% 51T o7, FIZ, 3 kIt RISM-SCF 1% I\ CKIER 1 CD pyrrole &
indole @ Rydberg [hIRIED = RV — NI T5F T DIAE - T 1T O Ak AR O
BENZDOUWTHRNT 2T o7, (2)TIE, I T proton—coupled electron transfer & his D4
WL AT 7 2RO T2 | JO D H H = X — M RN D OINR R T v L%
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HWTERBT L HEOREETV, SIS E A & 78 /) B IEHME -2 ko e b %z
1Tol7 ZDOH1E%ET B =R /LHTO ubiquinol & phenoxyl radical DS ZE AL 5
7o BE RN SR 2 s 3B C DUV T 52 21T 72, (3) Tl chalcone isomerase DEEFEK
INEE BT, FEERIITRIBI TS OO R 2 b L, s b= R v ¥ — % A
o7, @TIE, MP2 #5I2555< CRK B 7 VEE T 5 T IEZFL, 7= /L AF L
IuFAR T NARKROREEEEIR CORNE T~ AT MV &5y BRI SR
HL ATV OIRE R D D ETOEA/5HBOEEN SN TR,

SHIT, WRNSENRN S D Z A F IV A% FLIR T DT WX I D 50 8%
G CRBILIEMEICE B ALY —Z2ER L, ZO L TO&E XA Iv7 ALRHEM
BBEEZROWO HFIEOREZITWVW BN TOT7 /) — V- TIVEERIZIE TS
proton—coupled electron transfer S~ Za F L7=, [17]

C. RISM-SCF &, 53R /13508 R B
C-1 RISM-SCF {EDHE# /L : RISM-SCF LIS E O &1 LD I AL D FE R A DB
%

3 It RISM-SCF {EIZxf L, TA/E - BRI B EB AR BAE AT AR OFH BRSSO
FLNWT VY Z LA, RO FIELVFHE AR 100 43D 1 FREEIZE 52 &1240,
INSTRVRE Sy T BRIV T T P R 2 KB TR K32 7O B R 21T > 72, WIZ. A
WeR e B NE FHMEPEEREHZR T EZRIEZIOES =D
RISM-SCF/MP2 {0 B =R/ X — AR Z TN R DD HIEZREL, = —TFT L To
Grignard FRIED b PO M RE 238 A L7z [114],

IR T ORI B 22T 556 . I P EAEEFR 2RO L ER D, £Z
THIZIGEA B B = 2/LX— (LRFE) ®#& 2 FIZ S W CIE M B o L X — B A 5%
L. Z55 152 AT 52 LI K0 SRR D H TR LF — 2RO D LN REL 25,
ZDIEEAL ) — VIR CO T alAbSN =Y o 7 RS L GE AL B RO R
115721651, Fi=, W T D7~V~151 ORI D AT RV D53 F-REJR O [R E %47 -
721661,

CHETICBFE LIPS B = /¥ — (LRFE) IC - S<FE T B B = r V¥ —k
[651& VT, BV bl KA FEFE O 7E 2D T, ZIWETIZ, KAHF ToE
THEARBED R T Loy L R — RO FH RITHE T U, RE00 2088 Fnsk BE 0 4y 1k
R LT GRSCBER ) o BUEIT, ERLTEAw A U, i Ik BE6E fn 0 BHE 7oA AR (7 E D
fiEiZ= B LT\ 5,

C-2 RISM-SCF & ONIOM k& D4

ONIOM j£& 3 It RISM-SCF {EEDFEEIZRT T, @MiRO St - RHEZZ B LT §E
KT LY NT 40T 47 DEARFHBIEDRIE T > TS, ZHETIT, M+ K O
23T DB ART Vv VA N E 1L E ORENTROIR 7 OB R ITTITHE TL, 7 A
RIZEBITDH QM/MM-RWFE-SCF BHH (#23R) TKRER AT DIEIAE FxHI LD B3
T2 FEARAFIE A FF OV I3 AT D FFBLIT AL L TD,

C-3 EFHHE%ZE AT RISM-SCF {EDBF

BB 5 L5 . RISM-SCF % Hartree—Fock-MP2 YEIZHEIEL . Grignard Sl Z
FLT-[42], BT, FhE R RECHFH I EE T-FH B 2N B /2 R il FH 35728, CASSCF A2
< CASPT2 EB XY MSPT2 12 RISM-SCF {EZEYEIEL, 20 H H =R/ — A B ZfEATHIZ
FHET D IEAEBFRELIZ[94], E5I2, B RESCEHAE TR E R/ R IS A 35729,
CASPT2 {£FB L MSPT2 J£IZ RISM-SCF {EZJEIEL . 20 A H =R /LX — A FL AT I
HRT D IEEBFLZ65], BEX. 2 ETIZBZE L7- CASPT2 s B L OYMSPT2 12 £63<
RISM-SCF fi#4f i) B =¥ — A (6512 VT, Lo Uy O Rhkt ik sz fia e
DFFE AT TN,
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C-4 MIIBIEDOBS

MP2 12 55-3< charge response kernel (CRK) B WV aA%EE4 2 7 1E2BIZELI96, 72]. T
TR=NV AF L 7aT AR TR AREOARE B IR T ORI T~ AT MV Sy
FENIFEICEVRR L, AT MLV O ERD D ETOE A BOEENZ OV e U,
BN, ARk D FIEZ HWTE L R IEITRE T 5005 DR TV R T FROa 7
FA=L A AN TDI 2L —2a Al AL, Bl B OEHE E 2~ BRR
ZIE, Zo TR DT 5 TSk A% E T, CRK 1781& kK | bz
THNTERROFEMAAEREE RO D FIEEZR N, Z0 5% R) T FRO IR A
NIRRT A= ar FALOFHRIZHWE[96], SHIC, 2 ETIZR L7z charge
response kernel (CRK)E T /WIS Al GE/ AT T VAW C LSS H T3
JLX =R A QM/MM 1 (Yamamoto, /. Chem. Phys., 129, 244104, 2008) |2 L0Of#AT
U AL RISIZ BT 20 s RO EEMEA DN U GRSt ) .

D BANFEBIIID T I VATADYIaL—T gy

F RSO ARICE T EIL SRS OFTB) B2V b/ 5F8 )%
(QM/MD) FHEALSEMGE 2 2 <D FEXT G L THEE L7130, B 7L AEZEIC > TF
OIS, 76 FRIMEE | ROSHED TR 209 23 e LTz, Fiz, ot o 1% D—>T
D ReaxPF L& W0 FEN I FEHE BTV QM/MD GHREOFERE LR,

D-1 —RF)Fa—T7, FIE—KRYR, 79—V EDOERDFAFIvI AL Ialb—Ta
NS
(D). fExD6EBRICESWIERBEBEI —R T/ F2—7 DRFTAFTITVT A DR EE
g —HR T ) F2—T (SWCNT)DOFZVT 11d, OB AL FEIMEE 2D S b E
HIR B THD, SWCNT OFZVT (il A RIZIF, vy 7y —K SWCNT OF7V7 4D
HEFF DS B CTHD, BARNIIER SWCNT OXF VT (13777 2 D& CHEICERSND
D, AEREBPIECDHIEIER SWCNT OFFVT &R DD — 73 F IR E LR o7,
OiLhoiuix, SWCNT AR T 5 4 D6 BER D {FTRIF 7V 7 123D W =FEIEH SWCNT
DX FVT %3RO H— 72 7 1EZBFR U, RFTIF 207 8 5(LOCDH e VD43 Af 1%,

EHOARLRGTIEEHR SWCNT (2
LT &5, LOCL X |
armchair(AC) SWCNT TIiX 0°,
zigzag(ZZ) SWCNT Tl 30°TH 5
23, FEIERH SWCNT Tl 0°& 30°
DN AL TND, ZDAAR D
FER A bIcED, sl EBED
SWCNT OFZUTAMNEDIHIT
EALT 50, HlE I THDNE
MBI A2 LN TED, KRS
D#ER1% Phys. Rev. Lett. (ZHAR
Enrz2218, 2O FEERI AL
SWCNT FRIBRRIZEITHFTY

TARFED Z AT I 7 ZADFFHTH : » ,
@?—TEP«C&)%)O 4. Fe38 *J%LT@E}E@ SWCNT @ﬁiﬁ

Q). BEA—RTF /) F2—T DBBEIRI TAZ— I I 54 RIBRR D BT LFH ST
B /1R 5

BT /G AERUCBIL E B B LA THLE LB RS (DFTB) J&IC&

STRT oy VBB ZE R R T B/ 5 F8) 1175 (QM/MD) 2 > 7= FHRA LA

- 12 -



FeaHERE L CE DB RS ORI Z H ¥ L=, Z D8R, SWCNT 2 QM/MD 322l —i3
ANCKOFFERE ET R TIILD TERSEAZLITHII LT, DR F ., SWCNT Ak k:
{b(nucleation), 4 F(growth) & OVK [faffif& (defect healing) D 3Bk 2 ~TH#EITTHIEEHS
PIZTHEEBIT, KB OFEMARE) 12 LW D £L201% § 54, 655
D,

£, Fegy 7TAZ—ITAEEET2(5,5)SWCNT DF 2—7 4 J@ FL - T\ 2 3 S - %17
ZEXHDHIEITEY, SWONT DR IKERETIHIEEZRWELZ(K4)[95], ERICiT, &4
B d #uE DS EFRICESROBBRMEEZHLDICE BT NN LM T, Fox 3BT
HBEOEANICIVZN AT LT, ZOBEZOIWBEDR BT 03387 T AL — |l 250 AL
TS EIC ERENREDISNTE D I h =R TIE DD B INZLDENNIE I ZTH TR R,
1500K 2“@EiR T, ZNIVKIE TIZ 4B+ encupselation 23V, JOEIR TIXIRE T
T A NDIRBERCTF 2 — T HAREDHE/ N2 E N B ZHZ LR R LZ91], DWW, F-, T
DHELIZCYyF Yy 7 DRF—EBMEAIRBIR R T 2281080/ Fa—T7 D27
ERNBAGNHZEEZIBNNTLIZ83], EHIT, CupF vy 7 2 ESE T2 Feyy D& BENIT RS
SR EWESTTET ADLHFEL, FRRICRER FORIMILBIZEDF v 7T DEENED
ZEA R HL7=[88],

SHIWCKRERT V=T AN — L, 8T /7T AF— EICMESETEED Com b,
SWCNT A2l —3arbLTUILH T, —RARLIC, B EBFEHICE ST sp? IRED
KA (nucleation) 325 2 L% 410ps @ QM/MD FHEICKVEALNZLIZ(K5)[74], 22T, =
ORI DB A IR T ZEICKVED ZERHBNI -T2 A RBRFIORIAL

5. Fey 7/ IT7AH— L TOE C, o0 FinbD) ) F2—T7 % vy 7 O H CBRFERK

(polyyne)SHAS AN SR LT Y BUIRY AL 43I 2 ED | 2y £ BRI BBR AL L T4
KT 5, B)5SBERZRF S ToAR A BHBIR N TEIUCA L5 HDWIT6 BERZ AT 5, ©
WTOEF MR A BHOBNTIC K05 BB D56 B ER~D H CE1E (self-healing) FH-Ar & A3
0, RELZENSED, RHSNEARBRIT, Fox Y QM/MD ol —arThREZ7Z
—L D HOBRFEREREERIL TS, LLIZTIE., & B 23720\ 7T —L D
Bl AERLOOBLX vy IR OHEZAL T I —L Ul sTLEIDELIEL, F=
[ 35 R i A LV R TR B DA IO 72D [ TIEE IR > TR ElZ &80 T AL — N FRT-L
TNDRNENNT 2 STND,

EBHIC SWONT FEEIBFRICB W T, IRBFEDOEB-IREFE S ~DIF AHFEAILE-TT
XDHRME (5B LT BRI B2D) 236 HER 1272 HIEE (Healing) i@ 2 NS HZ LA R LT
(JPCC DFEMEAA ~T-[X6)[75], ZZTlE, Cy-FeywET AEEHAD [ 34 B 5 R IRFIF T4
1C/0.5ps & 1C/10ps ODREIETHZTD, FCERORFIR NG 207X BT
UM ENCH AN THRENEWZE R L2, 22 Th, ZORERRRITT o Z LA R LK G
{E1H (healing) £ B2 > TEY, 77— LU DR EIREDO VIaL—ra OH#iGEFELIL T
HZEWGID, T TSN 1T, 1ERZ B AL TETRRPRIERR ET V7 (Tok
z X, Yakobsen and Ding, Proc. Nat. Acad. Sci. (2009)) :H56 CTHE/A->TWNAZE AR L
U,
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SWCNT A AR %95 5705 4 i filiht D %h B

B ARD120 ., Nigg ECOABRFEDT IaL—Tay ) THE JOURNAL OF
ATV Feyy DBALIIE LT, $KITH =0 LTl =~ PHYSICAL C
R DTS 357 BRI I D CHEMISTRY

MEHESINA[69], =7 /v ETHRENHE WO, $&
[N TRE—SBREAN TN D THHZ LN HE
BT o7 [66], —HIEMEE X Fe O JindiE<,
Fe-C f&DIWIERZ C—C i LDORHIZIHE i
MWoinolz, BT, VTAZ—F AKX (Mag & Ms)D L | ]
BRI D, KEWITAL—DIZHIN, H—RT T 2
AUREEF D SWONT IZBAEND ETHTL A Lo
LA =T DREENEL, EENREWI LR 50T
[56], SHIZ, FEBRFENOIENILHER: SWCNT A
R D& B ITHB 2D RIBT—ART2DINT | P

%257‘1&5\ *il? @ﬁ%/}%fﬁ@%)ﬁﬁ—/vﬂ\blﬁb 6. SWONT 2B faicisir 58 o
QM/MD =l —3ar&i7o7[49]. TORER. | fef(selt-healing Dk,

SWCNT nulceation 1ZIR D3 TREAZ LA R LT
A, BRI — AR

6@}%%0)4:}?& ) B L ?-membereg rings : }’-n:lemgere'g rz:ngs'

KEHDVIERE T | 5 of 3 membered s —— g || Smembsedrn

H—SARHIED | 3 o £L3 s s

ER.BEONC & | 2, 2

R fsh | | {.

Fg A= #(nascent)?® sp o ol 1

PR AR R & D R °0 s w0 , I‘IS:J ; 200/_;5'0_':00 S 1;;TI 15:) 200 250 300
N . o me (ps] me (ps)

P SWONT %07 | NG, SWNT Nucleation  Fe,C,: SWNT Nucleation

iﬁé?ﬁf H {?j’?ﬁ enhanced impeded

RIRBE VN IR _ . B e . )

Wl AR LA, S 7. =N R OEI—SARNEDF v~ nucleation

v 7 A R D R IR D

AUBIZHRAEATF T 5, FFIZ Ni,C, 2>H D nucleation 1% Fe,C, MHDEFUT LA TIEWL, FTH

TR FEJF 1% encupselate T DAV DIZK L, $h#E CTILRFEEED S B EZ IS

LT UVMHANZH D7), ZAVHDEWL, @8 — K FE S ORI DENIZLY, E R

BITED, Fo, A= ARDEENZDOWTE, A—ARPEET UL SWCNT DA E

HLYDM, ZOFIEIEF v~ nucleation RAE R DO MELMETlIanW kw491,
ZNHDO—HDOMSEIL, Ace. Chem. Res. [50] (ZFEDHHI TS,

(). il 272\ Si, SiC, SiO, RED DD A —AR T ) F 2—7 DERKEE

Rl B PED 7RV Sy SIC, SI0, TR RIENPDDA—R T/ Fa—T DERN
RERFEEIT > TV, ZHHDREIZ W TS, DETB/MD FHEAFTV N, DS
RO BARBEN D535 G & D A A OEWICIER LoD BFEA1T o7, £7°. Si KMl
BN T 72— BT D LI R ) T a— T WEETHI LA RHLE[108],
ZOFREFRIL, 1) ONT v 7 OERIT C-H DA TS, 2k, /797 = i Bk C £E D
dangling bonds ED DIV C-C FEADERKEEHM sp? 7T 7 =2 — R FETH sp® 1R
ERADHZE~DIEBLONT AT KT 5, 2) C KEHD Si R FDUEET DL REER
dangling bond ZFFo7- fRFBFEDAERLL . ZHAAE E D dangling bond EfEAL, vy 7 0bF
22— ~DFFEZIET, 3) —J7. Si D dangling bond IFE#ESNTEY, BEWIHEALT
757 2 —h D,

IHIZ, Si, SIC, Si0, RENIIKHF T A —REAFTHILITLD, [RFEZTFAZ—D nucleation
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MBEEZNHDHZ L% DFTB/MD FHEIZESTHLMNI LT, £7°., Si0, T R +-RIEIZBITH
CH, 124% CVD(chemical vapor deposition iFe DT =L —a %1757, CH, MBERKT 5
LEZHN5 (DB M) CH, (x=0—4) fizT/ SiO, hiFIZRRH L 7- X 2E:b A EAHREIT =
\ZCO 4+ Thhd, ZDEET JRi+FKH T Si0, DR TN E | [REBBE N EWERZIZ S0
T SWNT @ nucleation 23 5[40], ZDE&E 3EIT SiO, KL FHIXEMIRREDO FFET (K 8) | Kt
AL VSS (vapor—solid—solid) & MEITN L~ CH,CVD  SiO,Reducion  SWNT Nucleation
ThD[33], ZnbliE, EBARAEIZES SWNT O | & b
ARICTRERREDOE BN T 5 T3 T05D
WD VLS #iEE K E 73t b a2 T H O Tho,

BT, SIC F R DO RUSEIZ D W TH [RlER 72
FHEAZBI/Z2V CDV A EICEEL SiIC T /Rl f
SWCNT @ nucleation A& & [AIED VSS #tE T
TEEHHT L% RHLIZ[26],

8. Si0,Z& M T® SWCNT @ nucleation
7 VSS Hikk

4). XUBUOBRBEICEDT T LU R OEMRE B ERRACKRDOLEFBRROEFLEN
73 FEN IS

DFTB/MD {EIZED R B DIRBEDBEDE R 77— v BLORNERKFEAL sp® RF%E7 T
AR—DERDYIal —ark
2500K K X 3000K THEMiL7=, =D
B2 O, 5 FICkB_PBrokFEG| &
WERSITMmD TRVWO T, KER | &
FaATHICRNE —EomsTey | &
(=]
*

— . with 3 ot
.

nds

T=3000K; 36 CGH jmg\g\v:l?r:jor?honds.

BT TR, ROTITARE | 3 ol

FHIRAFL TODRNEFLL T sp? R 50 o Sl i o e

FZOREFDITAE —NHRAD 0 10 20 30 40 50
WZRFL ., KRBT DS 22D 2+ ps Time (ps)

DRNCERZ T =L w3454 9. LB TISKEE T RIAR S E 5 T=RHE
NL79], IXAT NI T LU RNERR T BDOINT Y =2 M — D — il

SIHIT, XU B U OBRBEIC LD S
B HEBIRLKFZPAH) O LR OMEZ R 357, H/C % 0.8, 0.6, 0.4, 0.2 [Z&5 T,
DFTB/MD 2=l —yar%4ro7-, H/C=0.8 TliL, EIZRI T BF L U RALKZENTFIZERK
L. PAH I ZIEEAE AR L o7, 2R H/C TR IV EWRI T v F L 8N4 R
LAasD | $HOFEEVICE - TE—, 6—BERNTEXD, H/C F-0.4, 0.2 TIE, ~UkEE PAH DAL
NEL BT, CH,, C,H, BIW C, LD /NS mAb A FE TH 2 9 £ S, HACA
(H-abstraction-C,H,~addition) A= ZHEICIVIHESND, KBIT PAH RRHBITAZ—D
FRVVE B PLEEAZE > TOA LS TEA37], 510, FFESEAE 2 LB EHLE X
BNDKBIRABREET VKT D3R BT TH D,

Flt B ST OS5y F /55 ReaxFE OEHEMEARGET D728, XU B OBRBEOEED
ER7I7—VUBIXORERKE sp? [RETTAX— DA K SEN 155 F ATV,
DFETB/MD D B[79]& He#k 7=, DFTB/MD ES[RIEEIC, fREHL 155 75 212 D AT 7
FT—L  DBNER U, WG E ORE FATEMEAIC R E BN TRV, B KROEWITFER
D H CAERICE T AT, DFTB 23 50-150ps TRSDWEFETHDIZ%I L, ReaxFF T
VIS AL | B/ 100ps. FE 2 ICUTECE ps 2>~ 7-[301,

(5). FDfh
ERoofh, ETH . FRSUER T O T —~ &85 5,
a. TIZATELRINTF JAE AR AL TH /4 =4 ciinfid 20 i% DFTB/MD
EICEDS 2L —RU -,
b. &BNET 77— OERHERED DFTB/MD ol —ar



c. BREBITAZ— ETOTHFLUNBED CNT DA EAEOVIHLATFEOHHE
%% DFTB/MD JEICL0FT o7, WE T & FLoinb Fe (28D H DB &ik& ik, 7T
FL U DOFRMEPEENEOEHIIZEAEY CH,. CH, DT CH, AR T 52
ERRHENTZ, ZNORELICAER TR, BIEFESEITH ThD,

d. BER77—Lr 07 ==V 7RI 5 He, Ar N7 57— T ADHLDIR LY
DFTB/MM-MD {£EZHWTEHR L, BUn 27 =— VU ZEH RS R L i LT,

e. 777z —Npb7T7—L U FARO DFTB/MD v Ral—3iay

D-2 B—RF)Fa—T, FIE—RYR, 77—V &RBT TV 7REDKG, WERE
DEAFIVI AL Iz —ay

(1) chiral (2n,n)SWNT OWNERE L O ERAIEE~D CH,/NH/O OO S s =4 /LF —D
F 2 — T EEMAFEE DFT FHEICERD , ZORIFEEZH SN LZ[103],

(2) 2 KRIERT N—T 2LV EBRANGRESAFFEE I TS Er,@Cy, 725 TNT Er, C,@C, D -1y
#15% DFT {ECIREL, fEimiE. 1L.YOAX LT T —L o ORI F1IFOESEME
FEIARIEL T d DV FELE 2 > T M-M fi5 & 245, 2. SN2 M,C, 1 Z41#
BIZDEAHETT— L AHIET DT, 3.C, 1T T C e,

() /I TAR— LD I =R F ) a—rDF ) F a—T ~DEHOMREZ DFTB/MD #5I2
BT,

(4) Cuo—CpofE 22 LABREA FUGD QM/MD 32— 3. DETB/MD Z MU T, Cy 4>
FH DML DBRICI Z D5 BOG (& 0 i, BYELSE) O RS S 2 i 28— L ¥ —
DR ELTHLMNIZTHEEBIZ, BRRICBIT D5 T EB OB /1522 T U7z[51]

(5) G BIGHNTIZZ 77 7 ANREOKFE, EARRICLDFERENEE ML /> TS,
Fox 1%, R ARFO PR IR AR S L ILF T, VT v A MK FEEAER O &1L
FEE. O TEV)FEHEEFEM L., T O KSR SNz LT2[84],

(6) M/ XTI NI F )T —DJRFHEELLZ EAL—RLF—0 DFT W28, sk
110U A 572V LB E S 7258 LWS 72N L6 B BT T/L sV as F )0 A v —D ki
PR, FORFEEBIOLZET VX —% DFT IETEETLLEBIC. FTUT
S DEEJEIZ SN Tham U72[80, 521,

D-3 FINAF B —RDI Iz —ay

AR D=3 TR E T, (=R T/ Fa—T OF ) A0 —~DISAD S AT
VI AR ab—ar | Tholoin, BELIWIE 2 B OFERIC VY, H21 RS [T /81
AUV —FRDI Il —ar | ([TEBEL, Zo 7RO h OB IG5 1 —4— RO
Ral—varEEbisI i,

(1) Z2YFUo BRI DFOFTD, 7=V T & F L BA DM

BT, Z o OB E AR T OVED Y R L Ca & B AL A I XD ARG
ZEATL, IDEWIRIRMEAZ 1S IO &5 N LEER OEBRDNANALAALIL TS, L
L. 2D S DG DREIZE D LH72 5% 5. 2 TODDDNT DU TOH FLITARD T
WIRN, AAFZETIE, BT 2D FEER A2 G L7 BRI ZE & L EL T, NEIC 7 ==L 7 & F
LU 130 EN B TEDIZE D RERZEMEH § 57 =) F 237N TO[Rh(nbd)Cl,
(nbd = norbornene) ZfMEL 7= 7 == VT v FL L O ESMELZHONCTAZELHIET,
FT° RIEAZREE COZOEEG BSOS OBREO BERIIR 21T o7, K 10 13912,
ISPERELL Rhl, RhlIl, RhI LU O 3FENE 2 5, Bi2& 137 8 F L O3HERES D Rh—p
o FETNAFNIELLNIRE T OE D T)DFEAN, IR FRIIAS & A CTHEIT 5,
FHEOFER Rl FEOKISHEN L E<ER TP TIEERIGTHLES 2 DM, 7=V F RO K
JEMETIESFEELMRFT A E T 5, SHIT, T/~ — O ANCEEL CUFAREON B SRUE, 5124
FEDNLARBHRMEDNZ X HAVHDS, BEmFHE OSSR, (7 [E BRI CIE head-to-tail-2,1-4fi A
STASEIRMEIL cis—transoidal BRI EHA R THAZENBAGINIIR T2, O RS
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RIE 2011 4F J. Am. Chem. i) Proposed Rh Active Species for Polymerization
Soc. 1216 ~—YDOFmLEL s (Rb (Rn,
il NI

THEE S [32] N SHIZHE % Rh! aclh!épspecias Rh!! ad\i\.-.rg species Rh- carbana Sctive species
T _RxPFILL T JACS i) Rh" Insertion Mechanism

Editorial (W.T. Borden, J. | . =0 % G hTQ " ::—\ =

Am. Chem. Soc. 2011, 133, i = | S

14841- 14843) x_"C‘fn)[ éh\ iiiy Rh-Carbene Metathesis Mechanisi

JACS Select IRMENT=, | G =2 G P — [GHO P — Gnd-n— (i Vo=
WIT, ZIUDTTAEMBERRE T | L ety b b

zUF O AN THRAES H Ph H Ph H H H Ph

% ONIOMQMMM)EET | # =0 ;} el ey

BEUT-FF, A iR Ri7S 2 | hoasioal  hesdiohead  hesdiola) . hesdicheas

FNTZVF N E R OR] | V) Stereoregularity

Ph

@%B'fja:w%éhé:&ﬁ§% H  PH Ph H‘.;-ﬁ"':‘_‘{

P H PH Ph

H
N ._( Y—Ph H H Y \Ph —y
ST, TRERIGIE | # 0Gr Sl MM
;(‘j’ L i /E|\ }i };J‘LT\ D] 4%% 1‘% D %i gf‘EH cis-transoid cisﬁ:'}m‘d trans-transaid = trans-cisoid

insertion mechanism metathesis mechanism

LSRRt U7z AT, EIIEME
FE Rhl 7% site D £ E DL B
IKPED SN ERAL T S92 10. Pd AL 57 ==L T F Lo O A RSO AL, BN
ZEN ol ZORERIE, PED AT HEME

B Rt ch b,

P polymer chain, ':, diene igands

) BEEA VT~ —DX NG ER AU E e RIEA SR RS DX 7Y 7 1 HI I OtE

BT 2 MR ERE BR DX T NI % - CL 7V TRVVERES BN IZ . SREIR MO
WHISA RS 21T 2R A0, EBRAGIZWL O Thil T, jt?‘f“.%)zﬂ VA=
= NCTHDHMN, ZOREREEHI IR 7233 UL 5 % OO B OR BRI H 5T DR REN
EFZZBIND, EZ T, ZORIEDF 7V 7 A HE O ZHE 50T 572D ONIOM {E4A#
STFHRE ARG U e, TEMEARSEFRE O R E | Aliiifl L 2 AR e a4 3~ — L O B ER R,
KEle— i S AR O REE L SOSTERE | FHE THOIZLRNEWT RN LR ILH D73,
BEZNDE— D> DAL 2 2HD, WLONDIBFRIZHOWTIXRIBLE . > TEX/ZA, A
R ST TR SN AT REMEIL <20V D T SRR BE LU BRI 78 Zkfse -5 T 7
THD,

() KBENVEWT—F—DET NELTOREBD TE—F—DRISHHE

S BREN ) 55 - —H— O RSHERED BRER T D T2 b D —Hr LT, “STARAYICH| IS
NN RF (2R, 2R-2,27,7,7 —tetramethyl-1, 1—bis(indanylidene), 3 DYFE—%—
JEDAABLREOBERE (IX] 11)% CASSCF KUY CASPT2 IEIC XD IR B LR EBOR T
UXVIE DFHEEZFLIZHA DML, AF AR 1, AT IVE RO EN AT )L 208
BLIEHRT o3 Iab—rar w2 i L2 (K 1), 3DFRTIE, 4BFEOS B ERMEL RIS
THAFE1B(P.P-cis—(M,M—unstable—trans N OG5 3B (P, P—trans— (M, M)~ unstable—
cisIMFED S, — S, — Sy DEARSIAR BN L E WO HRFERE I L > T v e, —Jmk[E
FRNAL—RIZHEDDITK L, 1 CTIHERISER IR O S HRBERESAFIEL72 L, 2 Tl HafeaE
DMERNEEE LMFIEL 2RV O CRIERD JF kA Kb b, ot —J5 ik [alis (7€ —
B —) BAEIZDOWT D, 2D RESGT-, BUERSREELOBRP Tho,

E &4 FHERICIDEMD TFROIVIaL—Tay
E-1 BEERRISOBBINEBHEHGRLEEROBE

ZIET RISM-SCF I L CERILEN CETRIBINE H i = X — ke X R 78
Brp E AR — 72 CORIGHEROES T2 — i D QM/MM {EITHEIEE T -7, Y637, MD J&IZ
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FV B B3 X —REERD D L%
MESL T B LT KL T DAL 2 b
VOGEZ TAR L OSIZIEA L, 28T
LW HIEDOEEMEAR LT, fER. #i-
WZERAL LTAE ERAR IS A B =X
VX —BAEL AR TIEFE D H B —
RNX— & 525 ZEMN 53 o72[116],
WRIZ, B3 chorismate mutase (2425 Stilbene rotory motor
chorismate—prepherate 774 ¥ MM
I D B IR RE DO & e b 21T o 72,
B, KERTORISE T HZ 1T
X0, BRSO DOIEE L =L — DK
T O FS LU FE R Zh F Az D
TimC7z[115], £z, ZHET RISM-SCF (P,P)-stable-cis-3 (M, M-unstable-tr ans 3
FEICHRL TER LS TETEIG A B oo 4

Ry 7y IS B - Al
—RGTCORINEROES T — D
QM/MM TEIZPEIRZA TV, BRI F
%2 AT chalcone EMAVEESE Ot
R AR, S5, Sohi=E %o

0 } Fjord region

=112

t step 2

Rl

S N step 3
TR AR AR B 0D I Pl = L — 36 "
%‘ MD §+% %)EH v \77:7‘ E H;l - Z\/I/% »—EEE (M AN-unstable-cis3 (P P)-stable-trans-3

BEICEY AARD D ZEICED, RUGE S
EUE LT GRscisgad) 11 6B =4 —RUGH M e L7 [ VAT
IR RET DABPE RO

E-2 ZU I BHBEOXAFIvIADY

ab—Igv

(1) Isopenicillin N synthase (IPNS)D#EEE s lZx4 A2 /X7 NIZRITA RGO B 3%
X —Z% B—2 TR LIZ 7 EAZ VT ONIOMQM:MM)TEHEL . MM #4503 i
N — DG Z G F LM DR T TR L 72[38], =612, B = RAF—|Z
OV SR 7 vr T A EBFE L, IPNS RIS AL,

@) RHE N7 2 BEDOHE AL TE RIS 3BT DRIEH AT I AL FESRTE Mg 2
FERRBRA) QM/MM 43 78 13RI LV BN L 72[99],

(3) AT v HFIZRBIFBIH R CO HFDILERE R NZFDOEHTRNAX —T 077 A
W AR AFIJ A0 -8 )F O TR ELTZ, &5, CO o FHEEBRRRIZB W)
TH TGO RIEHIREETE O PWEH R EZ R L QD22 RIHL[107],

@) Yo aRFyAcBiTs, hnT /AR -V FF— L B OB E e 2. QM/MM
1EAIRITHENT LT, £, transition density fragment interaction JEZBIFL . iEBE D
ey — v M EAER 2R R LIz, SO, 7 — U M AR 28 BT oM EEREL
TR 5281280, Zo P E R ThHaT JAROEDIDEE 2 7Bl E (2 BT i &8
SOt DOh# AR L, REE DAL IEZ S LZ[97],

(5) FEAME B RROF )V BTBRRICBITAEEN o BB DN FiE 2. MD &
O QM/MM EIZEDOfiENT L=, MD FHRICKY, BB o B2 flc 2008
B OKG FIZ XD KRB ERBEOIEME RHL, S5 QM/MM EI2XD, 208
KIS KSR NF =T a7 7 A )V EIH BN LT2[98],

6) IATwEVHDYHUR CO HFOBENBRIZHBITEZ I EE) 1FDORE| %, MD
G M OIS B B e 2 WO THHLNC LTz, A XA T AG Ik > THEb - CO
D5 LY MDD FHRIZ K> TROND -0 AT, CO 4y 03B Eh
LHEEDOTF v 2V 2 R OB E A BRI B B O THHLN L
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[106], F7=, Mori-Zwanzig H¥EIEIZIY, HONT=Z "I EOE X% —%{t Langevin J7
A TRIZLITLD, 208 ) PRI RHEAE B LTZ[70],

(1) 0-T7I7—EBOREn/ MBI IERTEEOZBHEIBEDENELOT 40 &5
T DD, VT REERICBITA 2 "7 gD o hae’—284 v &, 8 Fi A
IZEDB R LT, ZOBE, = bat — 2 b 2T D% GO0 BT HHH O ik E e
R, XU SIREI R R 21T o 72401,

(8) W T HRERBLITHEI KD T DB KREDBELLICHZ TIERILERIGEDOFED
72T, FiflZe QM/MM B = 0F —1E (QM/MM-RWFE-SCF %) ZBA%8L7= (G
Befad) . QU/MM H =L —iETiE, MD vzl —raildhrrrsin:
MM 5 OREE ARSI EFRESND B =X — i BT QM EIZE>THO b
FLDTEMEAL 53 1 0 Feiill B = R L — S DR E SD, R FIETIL, 8Tl
HEEHHY reweighting O FIEEHA A D, &5 QM-MM B OEREfEY —a AR EVER
% Bwald JEIZEVEUNCEETHIETID, FEEITH EO BRI IR R LT,
FRIZ, RFIEOAR — LA TiE, QM/MM EH5OFFE MM #EES 7V 7O 0
MD PRl —Ia iy Ne @Il oS A ZEI12d) MD v alb— T a B O
ENT- MD 7 T h i 452 ATREIC/RY | FHELZAT B RER T AR L
770 BRINT-FEOT AN LT, IR O HbHa—amylase DTV REEES OINAKSY
fR[AINZIE A U=, BB R CREND KT O R RIT 68,000 LA EDOFFT
RERRESHL, TEPERRALO QM 4y 11X 600 FRECLL Eoo BE e LB S 2 W CRiid s h
Too RPIEZANT, 2O KGO AIRRE K OFCIRBED B = /L — i 2 E L
7oo ZTORER, K1 2ITREND I, TNDDREREE L, IEMERALE LD 2RIV
— T W OENEI 90 ns K
W 21 ns [Tz K& SR >
MZEfEWIRESNT, 2O X957,
T A7aiziEs QM/MM ‘
ERE e VI e SR SR g
IEHTFIDN 22 WED TH D, 72
B ARFIETITH M R b Et
Bx. EEMNZ QVM/MM MD
FHRICHAN IO RSO Q. — 4 ;
R EREERREFETE A IB) Z M Ve L 4
TE, o, o QM/MM I
HHET LY —5HEICHERTY

Product

Reactant

12. SGHAAREE (reactant) S#& IR EE (product) TOX

100~ 1000 fi%#2 FE o = W[ 5%
MZFLIR L TND, 512, ZDF
BAIZID, RSHEIZICBWT, I

ANTE RSO, B AT F -G Rl IS 50
IAEHEFML T DL —7 (L1 RO L2) O i GIR) 23,
RS BT () ORBED DR EELL TV D, F7z, L2

i X - =T DML, IR AE LA TR XL B,
BEL— 7 NI B VS A D A e

REMED VRSV (X 12) , 2D 897, PR OGITHB 35 2 VB 1E D R E 712281k
I, INFETOFETIIHEDLIZLDO TERWA L THY, BESR S DB 727855 1 ¥ O fiR
BE=C. il - R EF~DEEIRS LD LIRS NS,

E-3 & BEER s D RS HEEDfEHA

BERDLZITBBEE A TEY, TOMBERBUITCBPEZEE S T5ILM2 0, 20X
VIR EWER D SUSHEIE DL 2L — T al (3B B EZ DR 2 VBRI IFE 2000725
GEVEEBALET VTl iLb ZEMN Z oz, LINLIRDG, SR D LK 572 i B o
TEDITIFZ R IVERIRDETIEE R T A T IvI AL DIZE ETHLERD D, #
Z13¥ Glutathione Peroxidase M2 LK &R LIS DEBIRAEITE VDL 7 E DR B %
HFEVZIF 2N, B, 1F Methylmalonyl-CoA Mutase (25257 VARt ORI RE
ZIEH I E OB DBHE (THE A TLD, RKWFFETIL, WLODDEBBEER, FFIZ O, 77
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FEBRALAE LT A 7 T — RO G2 N, 2O O A IS PEE AL T L
KO8 ONIOM(QM:MM)IE T JEA 2 2 7\ I k& DR Z LD T 5 ) % F O TR RA
L7

(1) Isopenicillin N Synthase IPNS)DAEE L K It

[sopenicillin N Synthase (IPNSIZ~R= VU FAGTAENE DG LD fix HEE W IR Al L =
NHO THEMEEICHA DTS, IPNS (3EE R CIEHE L SN G FE~ LB R T, BE
6 —(L- @ —aminoadipoyl)-L-cysteinyl-D—valine (ACV)% Isopenicillin N {ZZE#195(X 13), F
T BBEZOENLZ L R FE 72T I D72 DIEVETNL T MV W T D S %
WFZE LT, FOER . KISiE FellDHLr~D O, 43 FOEA7, Cys— B-C-H DIFMAIZES
Fe(IDCOH HMARD AR, O-0 fEAOUIKIE Fe(V)=0 KD ARR., B-T77XL4ABBRD
A RL, Val- B-C-HiEMAL, C—S & LIS BB O A RDIERFIC D Z L2 R U,
ZORE, O-0 FEEOUIMHIIERITRE A LTz distal IR 7O oAb 2B L TRLZ L2
FU(K 13) [107],

EIEFER O BT DX R BEORRORRAD T8 | REESE D — 18 D FE i~ D%
FOEBEGVEINL T T L E ONIOMQM:MM)TE T /L E T LT, TDOREF, 2L/ D
BR B2 20 Bl d — AT L AT/ NS WS
MRy FiE A mBREDO T XX —NEH
IZJW Kk &L(8-15 keal/mol) 2 E T 52
EEAGINI LT, OB RSB
L7=FT . 8k OB 1S D ZA LD 3-6
kcal/mol, BEZE 7y &JE X /X 78
Hl?D van der Waals FHAA/ER 2 3-4
kcal/mol D% HZL TCWBIENSD->
7-[109, 901,

51T, B2 TRRLZH BT RLF
—EEEA IPNS RSSO Ri -8 Be
W, Z o TEBRBEORLE DR F
Z R S TB RS IR 8 e OVl 38 2 (AR
WAL TO MM MD 2 3=2b—3g
NZEoTRD T, XXV EBREED MD
Rk RO TR LG L
R S L APy $A0): Iz PO Y
ERh R L IEPEENL EZ R BREE L D
MAERAOELEICLDE (v bae | et e S
—aR) I CRITL, SmsBme | 1 e
;i%fx[é ?ﬁ%ﬁ‘iﬂﬂé@ THDHILEZ | ONIOM i THABILS HUI=B s TR koo
= 1721381,

(2) Indoleamine 2,3-Dioxygenase (IDO) and Tryptophan 2,3-Dioxygenase (TDO)D [ it
TDO, IDO IZ~LEGTra=—70 X/ 7T W55y %> T L-tryptophan DB I—/L
BRATRALAIC B ZL 5, 2D %8 RITA0ELL EESDDIEDN, RUSHEIZ W TR TH
Tz, BT FRRE X MRS AR IE N Thiv, 2O RN D UCHIE N HERI S T D, Fox
WEEP AL T S35 DFT #HRICHE D& IR RSN QWA RN R R
L Criegee BUISSFREREN ENZO LD FIREMESN D IR NZEAR LT, Z£DH X TH LW
JEHEREE LT 14a 1R 33912, Fe(DIZRE & LB # 53 T DAL R —/L C2HH\W\N N C3fir~
DOEBEHE AN, HDVE. Fe(lDA—/3—FF RO C2~DEETY AN ZESR
LTz, AA U REBDHNTIE TV VR IRIL, 2T, (KEEEE DB FE A HDOVIIE TV
INEFEBIC LS THERERTAT X HER L, TOR AL NERT 5, ETU0
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JUH A S IE, O-0 OFREYT v/ BAZL
DA XV B C2-C3PHAL LRk
ARETHH[102],

62, BREORBORICHEEICEZS
AR BA A7 baterial TDO D its
12l ONIOM(QM:MM)EHE2E i L, &
PEALERAL T M KD SRR ONEIERT=ND
e BN ETALDEES DA X T
VINHE AEERB LB AICIITRE T
EoHZ L E BN U, K& H
VRINTORIGHEREEL T 14b 1SR
JOUZ, Fe(lDA—/ S —FF U RDA R —/L
C2~DEBEZYINATIN, O-0 OFREYT
4w 7BEIZED T ARF R E ferryl-oxo
(Cpd IDDAERY, TR33 R ORI & 5
REAIBAER , A% VI | HefZ 1 C-CHEA B
Hep B 7 ab BBV IIRICES &
fhigm LT, EOHF5EH | ferric-superoxide &
ferryl-oxo (Cpd DD —-2>DEE{LAIH TDO
A A QA=) e
17-72063], K15 IR T IS, ZO S
REITFE 2 O FUSTRASSERAL A S LTl ~2
BRI DRICEEELT, WbhWwb
“missing link” Z# D72 LIkt IinL., 5%
DD EH7¢ D 725 B HARE A3 Fr
T5,

(3) B12-dependent methylmalonyl-CoA

a.
Me Me Me
r 7 Q M
HN H (|3 or 0 of o
¢ | |
0% | T Fe— Rl el
L : (a) (a) (b
b (i (i)
(a) 2 Tep
; i c’: Me
F s r
N 20 mo Me
o N (IJ g
: H
J——r— . AN | .
(b} — — e 0
(i)
o
(V)
M
d 5 {1} Direct electrophilic (a) or radical (b) addition
NH {ii} Charge- or radical-recombination
QJ" y (i} Homolytie O-0 bond deavage followed by oxo attack
{Iv) Ring opening
(v} G2-C3 bond cleavage
COy
R CH,~
H
i, Orfo
N 0O N
H / H
0 —
| i
ir ¥ s
Hiv -' —F P
p CO;
.20 Tr 2
?/ +D CHz(
i 0, 1 NH;
N
] e H
o]

facile PT & €05 Pl
0 -C cleavage CH2—<
@fLR T NH,
NH Ne OH
0
o H
e

14. a. {EMEEALET LT T= TDO, IDO D
RIS, b, 2o _TETF LT T RS

mutase (MMCM) @ [ JiiiE ~n X
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Boston, August 19-23, 2007

Keiji Morokuma, “Theoretical/Computational Insight into Reaction
Mechanisms of Transition Metal Complexes and Metalloenzymes”, Third
Mexican Meeting of Inorganic Chemistry, Guanajuato, Mexico, August 15-17,
2007

Stephan Irle, “Quantum Chemical Molecular Dynamics Simulations of
Fullerene During Benzene Combustion”, invited talk at Nano-C, Inc., Boston,
MA, U.S.A. August 2007:

Keiji Morokuma, “Quantum chemical molecular dynamics (QM/MD)
simulations of growth of fullerenes, metallofullerenes and carbon nanotubes”,
Joint Symposiums on Chemical Kinetics and Renewable Energy: From Gas
Phase to Condensed Phase, National Chiao Tung University, Hsinchu, Taiwan.
June 5-9, 2007

Keiji Morokuma, “Computational Studies of Chemical Reactions of Complex
Systems: Nano Structures, Catalysts, and Enzymatic Reactions”. Norman
Hascoe Lecture, University of Connecticut, April 16, 2007

S. Irle, “Quantum Chemical Molecular Dynamics Simulations of Fullerene and
Carbon Nanotube Formation and Graphite Erosion Processes”, invited talk at
Cherry L. Emerson Center for Scientific Computation Special Seminar at
Emory University, Atlanta, GA, U.S.A. April 2007:

Keiji Morokuma, Simulation of nano and biomolecular systems, Invited talk at
National Meeting of American Chemical Society, Chicago, March 25-29, 2007
Keiji Morokuma, "Theoretical/computational studies of chemical reactions -- a
fascinating world of chemistry". Invited Talk at Colloquium, Department of
Chemistry, Peking University, January 25, 2007

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

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

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

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

(= N AR
FEREZSVE | LRGSR RIE D I O | FUSTRIEERR S R A FLIR .
2011.9.23
FERERIG., L LIS OB REAL T — M T O BMER £ T, R S
AL, 2011. 9.21
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2011.2. 7
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11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

Stephan Irle, Holes in graphite and how to repair them. September 13, 2010:
Symposium on Global Reaction Route Mapping (GRRM), Fukui Institute for
Fundamental Chemistry, Kyoto University:

Stephan Irle, Graphene: molecular structure, vibrational spectroscopy, and
hydrogen chemisorption. September 1-4, 2010: GCOE meeting of the
Department of Chemistry, Tohoku University, Sendai

Stephan Irle, Bears, Bubbles, and Hot Carbon August 9, 2010: >R T ALIE
TRREHE R O Fri&dh. TMS Okazaki

Stephan Irle, Current state and future directions of quantum chemical MD
simulations

July 9, 2010: FEREAIRSE/EREEL &S L ARY Y L, IMS Okazaki:

FAEZETS, TONIOM {EZ W oA 4 BSOS B L OV R BN TOARFROG
OHGHHIFE ], March 30, 2010, HASKPRFE TREFOHEGRLFOIREAIT LT
EDE R, TR AR T v /A

R REZEVR O TR IE - BERE - SUR O BEERATIE DK )7 BN R FAL P BB R 2
—. ik, 2009.7.4

FEREZEIR. “HMED T RO THMICID I 2 —al” | HAUKFW B T2 E
BT —, B, 2009.7.6

Stephan Irle, invited, “Density-functional tight-binding molecular dynamics
simulations of carbon nanotube formation”, CREST International Symposium
on Theory and Simulations of Complex Molecular Systems, Fukui Institute for
Fundamental Chemistry, Kyoto University, Kyoto, Japan, July 19-21, 2009.
Stephan Irle, “Quantum Chemical Molecular Dynamics Simulations of
Fullerene Formation during Benzene Combustion”, Department of Scientific
and Engineering Simulation, Nagoya Institute of Technology, Nagoya, Japan,
July 31, 2009.

Stephan Irle, “Quantum chemical investigations of pristine and defective
graphene flakes”, Seminar at the Nanotube Research Center, National
Institute of Advanced Industrial Science and Technology, Tsukuba, Japan.
September 14, 2009

SEREZTR. B FE. “GRRM Method — A New Paradigm of Potential Energy Surface
Exploration. A Few New Developments”, & HELFMFIEHET F2ERtma MBS )
JISRRBEIRR D=0 —T T 47, BATF, 2009.9.24

Stephan Irle, “Quantum chemical molecular dynamics simulations of fullerene
and carbon nanotube formation”, Global COE Seminar at the Department of
Physics, Tokyo Institute of Technology, Tokyo, Japan, November 16, 2009.
Stephan Irle, “Quantum Chemical Molecular Dynamics Simulations of SWNT
Nucleation and Growth on Iron and Nickel”, GCOE for Mechanical Systems
Innovation (GMSI) Seminar, The University of Tokyo, Tokyo, Japan, December
2, 2009.

FEREZSIR. Y, M T ROILFERIED YR —vay”, v TUT VAT =T
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23.
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25.

26.
27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

FRRERR  “RFB T AEEOAERE OSOBER NG, 6 RIS e JUKRESED) |
2008.5.9

wOEEZ MbPROSER) RS PR R LU AT LG RAL O L BLFE~ T
J oS O~ | (EH- KP)  2008.5.24

AERAEZEYR, “Or TG - HERE - BUS D BRERIFFEORE )7 UK TEER T, 2008. 6.
25

FEREZRIR., “Or T O - HERE - UL RX R O 1 —BREm L 5 - SR PSR DO S04
FARETE G E B A LB R B AL A S @ kL st~ —. 2008.
6. 28

REREZETR. 0 TG - BERE - BUG DO BERRITIEORE 17 KM BANFL 25, 2008.9.22
Stephan Irle, Invited Talk: “Recent progress in quantum chemical molecular
dynamics simulations of giant metallofullerene formation”, FE“*E - &JEMNEL~7
F—L /7T =17 3—7 5 2008, Hazu Onsen, Japan. October 3-4, 2008
FEREZEIR ., Oy AR - HERE - RO DO BRER I SR Dk 717 CAMM ARy . B,
2008.10.21

FEREAIR . “HHED T RBIEE S FHERICED 1 V2L —val” | sUEBR AL
7. 2008.12.9

Stephan Irle, invited: “Quantum Chemical Molecular Dynamics Studies of
Emergent Structure Formation in Nanocarbon Systems under Extreme
Conditions”, Plasma Nanotechnology Research Center, Nagoya University,
Nagoya, Japan, March 18, 2008.

Stephan Irle, invited: “DFTB Parameter Development: Towards Ab Initio
Quality Hydrogen-Graphite MD Simulations”, Friday Workshop on Organic
Electronics, Presidential Discretionary Funding Research Meeting,
Department of Chemistry, Nagoya University, November 14, 2008.

Stephan Irle, invited: “Continued Growth of Single-Walled Carbon Nanotubes
on Iron Catalyst Particles in Density-Functional Tight-Binding Molecular
Dynamics”, Department of Chemistry, Okayama University, November 28,
2008.

Stephan Irle, “Quantum Chemical Molecular Dynamics Studies of Emergent
Structure Formation in Nanocarbon Systems under Extreme Conditions”,
invitation by Prof. Koichi Sasaki, Plasma Nanotechnology Research Center,
Nagoya University, Nagoya, Japan. March 2008:

Ying Wang, “Ab Initio and Density Functional Theory Potential Energy Curves
for the Reaction of Atomic Hydrogen With Coronene and Pyrene” Workshop
organized by Kochi Sasaki, Plasma Nanotechnology Research Center, Nagoya
University, Nagoya, Japan:, March 2008:

Stephan Irle, “Quantum Chemical Molecular Dynamics Studies of Emergent
Structure Formation in Nanocarbon Systems under Extreme Conditions”,
Global-COE workshop on “New Concepts and Materials for Molecular
Electronics and Magnetism”, Nagoya, Japan. March 2008:

FEREZEIR, “BHED TROE A TR LD 2L —v a2 A EEL T, AR
WA B LR R Se L Z— AR —a L B o — 2T — 7 ay -2 R e v
Z—% L 30 JAFEFLRTFHE S B 70 30 R4 Fk] | 2007.2.27-28

FEREZEIR. ‘MY TR OE AN FHRICID 2L —ar B BIEL T, 2 -ifF
e[ FRFRICBIT DR Y 2L — S a O IEERR LIS 1, 2007.8.29

HIEEIA, T T— Ly T Fa—T MEREISOI L SR Ho
S 2007 4 A 21 HiE COETRIIREY a7 7 | Ll 1Ay 7 7,
2007.9.17
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43.

44.

45.

46.

47.

48.

49.

50.

@

1.

B, TR, 2007.9.21

FEREZETR ., “BH T ROBEE N TEICEA 2L —rar 2 BIELC, HAR(LY:
= HIREARSHI RS BT R AT, 2007.9.27

FEREZEIR ., B T RO FHGICED I 2L —va ZREEL T, T#b?
e a— 2 F R T0MRE ARG S RIRE Al £~ — 2007.11.29
FERRAEIE. “BHES TR DB AN FHRICIDA 2L — a2 AL T, 7K
REFBE AR B LD & 1 |, 2007.6.1

Stephan Irle, “Quantum Chemical Molecular Dynamics Simulations of
Dynamic Self-Assembly and Erosion Processes under Extreme Conditions”,
invited talk, Graduate School of Information Science, Nagoya University,
Nagoya, Japan. October 2007

Stephan Irle, “Quantum Chemical Molecular Dynamics Simulations of
Fullerene and Carbon Nanotube Formation” and “Prediction of Isomer
Geometries of Polyyne@SWNT Peapods Using Dispersion-Augmented
Density-Functional Tight-Binding”, Invited talk at Physical Chemistry
Seminar “Dynamical Aspects of Carbon sp/sp2 Hybrid Systems”, Department
of Chemistry, Kinki University, Osaka, Japan April 2007:

Stephan Irle, “Quantum Chemical Molecular Dynamics Simulations of
Fullerene and Carbon Nanotube Self-Assembly”, The 32nd Fullerene and
Nanotube Symposium, Meijo University, Nagoya, February 14, 2007

Stephan Irle, “Quantum Chemical Molecular Dynamics Simulations of
Fullerene and Carbon Nanotube Self-Assembly”, Invited to Colloquium,
Department of Physics, Kyoto University, Kyoto, Japan, January 24, 2007
Stephan Irle, “Recent progress in quantum chemical simulations of
nanomaterials”, invitation to JST/CREST meeting organized by Prof. Takeo
Fujiwara, Department of Applied Physics, Tokyo University. January 26, 2007
FEREZETR . M T ROBEA D TERRIC LD 2L —rary #HIEL T, A— X —ar
Ba—4U—7iay” 2007 sHEFEOTEE 2 —GAL 30 A&l FHRS TR
D 30 LR BB EIF SR S R e e 2 — SER 19 4F 2 A 28 H
EREZIR, MO ROER S FHMmICEDI 2L —ar 2 HIEL T, Wk —
R PR EH IR ) — AP EZE 25 FRL &R R T A R R E AR R
BHRLSHE, PRk 18 4F 11 A

FEREZETR. ‘B T ROBEE Sy T HFICED T Iab— 2, CRESTHFZEMER “~
IVF A — )L e )V FT 4097 AR B DA 2 — a0 ” N R L H T
K% 2006.11

nEagER  (ERNaE 20 7 ERSE 1110
[ M BE R R
Hajime Hirao, Lawrence Que, Jr., Keiji Morokuma, “How is Fe (IV) = O Formed
from H202 and a Nonheme Fe (II) Complex? A Density Functional Theory
Study.” June 21-25, 2010: 13th International Conference on Theoretical
Aspects of Catalysis ICTAC-13), Matsushima Ichinobo Hotel, Miyagi, Japan.
oral:
L. W. Chung, X. Li, H. Sugimoto, Y. Shiro and K. Morokuma, “ONIOM Study on
a Missing Piece in Our Understanding of Heme Chemistry: Bacterial
Tryptophan 2,3-Dioxygenase with Dual Oxidants”. August 22, 2010: ACS 240th
National Meeting, Boston, Massachusetts, USA. Oral
S. Maeda, K. Ohno, and K. Morokuma, “Theoretical studies on gas-phase
photochemical reaction mechanisms of small organic molecules using the
global reaction route mapping method”. December 15-20, 2010: The 2010
International Chemical Congress of Pacific Basin Societies (Pacifichem),
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10.

11.

Honolulu, Hawaii, USA. Oral:

J. Page, Y. Ohta, Y. Okamoto, S. Irle, K. Morokuma. "Zigzag Grows Faster
Than Armchair: Comparisons of SWNT Growth From Self-Consistent-Charge
Density-Functional Tight-Binding Molecular Dynamics Simulations", CCNT09
- Fifth International Symposium on Computational Challenges and Tools for
Nanotubes, Tsinghua University, Beijing, China. June 20, 2009:

Hajime Hirao and Keiji Morokuma (Oral: COMP-020), “DFT and ONIOM
(DFT:MM) computational studies of myo-inositol oxygenase: Insights into the
(superoxo)diiron(III/III) intermediate and reaction mechanism”, 238th ACS
National Meeting, Washington, DC, August 16, 2009.

S. Irle, “Entrapment of Metals and C2 Inside Fullerenes On the Shrinking Hot
Giant Road: Quantum Chemical Molecular Dynamics Simulations”, 234th ACS
National Meeting, Boston, Massachusetts, U.S.A. August 2007:

S. Irle, “Quantum Chemical Molecular Dynamics Simulations of Carbon
Nanotube Self-Assembly on Transition Metal Catalysts”, 234th ACS National
Meeting, Boston, Massachusetts, U.S.A. August 2007:

D. V. Kazachkin, X. Feng, S. Kwon, N. N. Dementev, R. Vidic, E. Borguet, Y.
Nishimura, K. Morokuma, and S. Irle, “Interaction of simple molecules with
carbon nanotubes: FTIR and TPD study” 41st TUPAC World Chemistry
Congress, Turin, Italy: August 2007:

Z. Wang, S. Irle, K. Morokuma, “Graphene growth during sublimation
decomposition of SiC: A quantum chemical molecular dynamics investigation”
234th ACS National Meeting, Boston, Massachusetts, U.S.A.: August 2007:
Marcus Lundberg, Tsutomu Kawatsu, and Keiji Morokuma, "Applications of
the ONIOM Multi-scale Method in Non-heme Metalloenzyme Catalysis" (Oral
presentation), 3rd Asian Pacific Conference on Theoretical & Computational
Chemistry, Beijing, China, Sep. 22-26, 2007.

M. Lundberg, T. Vreven, K. Morokuma, Protein effects on the mechanism of a
non-heme iron enzyme: An ONIOM study of isopenicillin N synthase, American
Chemical Society National Meeting, Chicago, March 25-29, 2007.

[N M EER R
Hajime Hirao, “QM/MM computational studies of metalloenzymes:
Characterization of elusive intermediates and elucidation of reaction
mechanisms” February 4, 2010: 7th FIFC Seminar, FIFC (Kyoto University),
Kyoto, Japan. Oral:
Zhuofeng Ke, Keiji Morokuma, "Theoretical Study of the Rh-Catalyzed
Polymerization of Phenylacetylene: Insight into the Construction of a Single
Polymer Molecule in Nano-Cavity of Protein". February 4, 2010: The 7th
Seminar of Fukui Institute for Fundamental Chemistry, FIFC, Kyoto
University, Kyoto, Japan. oral:
S. Maeda, K. Ohno, and K. Morokuma, “Photodissociation Mechanisms of
Aldehydes and Ketones”. June 2-4, 2010: 26th Symposium on Chemical
Kinetics and Dynamics, Hiroshima University, Higashihiroshima, Japan. Oral:
S. Maeda, S. Komagawa, M. Uchiyama, and K. Morokuma, “Z /%y 5 iz D&
& o B B2 R HE SR, September 14-17, 2010: % 4 [0y B 5w 2
(Annual Meeting of Japanese Society for Molecular Science 2010), Osaka
University, Toyonaka, Japan. Oral
Zhuofeng Ke, Keiji Morokuma, "Catalyzed polymerization in Bio-Nano Cavity
of Protein". September 14-17, 2010: The 4t Annual Meeting of Japan Society
for Molecular Science, Osaka University, Osaka, Japan. oral:
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10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

S. Irle, K. Morokuma, “Density-functional tight-binding molecular dynamics
simulations of carbon nanotube formation”, 23rd Annual Meeting of the
Molecular Simulation Society of Japan, Nagoya Institute of Technology, Nagoya,
Japan. December 1, 2009:

Y. Wang, Atsushi Ito, Hiroaki Nakamura, Stephan Irle, and Keiji Morokuma,
“Chemisorption of hydrogen on graphite (0001): Spin-Polarized Density
functional tight-binding molecular dynamics simulations using G2MS-Drevied
C-H parameters 27, The Molecular simulation Society of Japan, Nagoya, Japan
September 21-24, 2009

S. Irle, “Density-Fuctional Tight-Binding Studies of Finite-Size Hexagonal
Graphite Flakes”, 3v4 Annual Meeting of Japan Society for Molecular Science,
Nagoya University, Nagoya, Japan. September 21-24, 2009:

Y. Wang, Atsushi Ito, Hiroaki Nakamura, Stephan Irle, and Keiji Morokuma,
“The chemical Interactions between graphite (0001) and hydrogen atom,
deuterium atom and tritium atom: Density functional tight-binding molecular
dynamics simulation of using optimized C-H parameters”, Annual Meeting of
Japan Society for Molecular Science 2009, Nagoya University, Japan

J. Wang, S. Irle, and K. Morokuma, “Molecular and Electronic Structures of
Di-erbium and Di-erbium-carbide Metallofullerenes Er2(C2)@C82: Density
Functional Theory Calculations”, Annual Meeting of Japan Society for
Molecular Science, Nagoya University, Nagoya, Japan September 21-24, 2009:
Hajime Hirao and Keiji Morokuma (Oral: 1E-03), “myo-inositol oxygenase (2[4
THEG ML, 5 59 Mgk FFFm e (59th JSCC Annual Meeting),
Nagasaki, September 25, 2009.

S. Irle, “Performance and Application of the A Posteriori London-Approach for
the Description of Dispersion Interaction in Carbon Nanotubes”, JSPS Priority
Area [SEFER D154 Okayama, Japan. March 2008:

Y. Ohta, Y. Okamoto, S. Irle, and K. Morokuma, DFTB %y &) /1525 EIC LD H
@ —RF ) Fa—TREYIaL—ar ] BARLERE 87 £FHE4(2008)
March 2008:

Y. Okamoto, Y. Ohta, S. Irle, and K. Morokuma, “A theoretical study on the role
of transition metal (Fe/Ni/Co) catalyst clusters at the early stage of
single-walled carbon nanotube formation” H AA{LAE% 87 HFH2(2008)
March 2008:

Marcus Lundberg and Keiji Morokuma, "Protein Effects on the Redox
Reactions in Isopenicillin N Synthase - Insights from ONIOM QM/MM
Calculations" (Oral presentation), 10th Theoretical Chemistry Symposium,
Nagoya, Japan, May 14-16, 2007.

B. Saha, S. Irle, and K. Morokuma, “Quantum Chemical Molecular Dynamics
Simulations of Fullerene Self-Assembly from Benzene” #5105 1Bl F5tima
2007 fili & September 2007

S. Irle, “Rapid Heating Transformation of Nanodiamonds to Carbon Spiroids
and Onions in Quantum Chemical Molecular Dynamics Simulations”, #51[a]5;
TRHEFERRS 2007 1lEH September 2007:

Marcus Lundberg, Tsutomu Kawatsu, and Keiji Morokuma, "Making penicillin:
A multi-scale model of the key enzymatic reaction" (Oral presentation), 4th
Fukui Center Seminar, Kyoto, Japan, Nov. 2, 2007.

Marcus Lundberg and Keiji Morokuma, "Protein Effects on the Redox
Reactions in Isopenicillin N Synthase - Insights from ONIOM QM/MM
Calculations" (Oral presentation), 10th Theoretical Chemistry Symposium,
Nagoya, Japan, May 14-16, 2007.

FERERIR ., “BHE T ROEE D FHERIZLA T IaL—ar” CREST Atk
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Fengyi Liu, Keiji Morokuma, “Rationalization of Light-Driven Rotary
Molecular Motor: An Theoretical Study on the Photoisomerization of an Stiff
Stilbene” January 7-9, 2010: International Symposium on “Molecular Theory
for Real System”, FIFC, Kyoto University, Japan. Poster:

L. W. Chung, X. Li, H. Sugimoto, Y. Shiro and K. Morokuma, “DFT and ONIOM
Studies on a Missing Piece in Our Understanding of Heme Chemistry:
Bacterial Tryptophan 2,3-Dioxygenase”. January 7-9, 2010: International
Symposium on Molecular Theory for Real Systems, Kyoto, Japan. Poster:
Zhuofeng Ke, Keiji Morokuma, "On the Mechanism and Stereochemistry of the
Rh-Catalyzed Polymerization of Phenylacetylene". January 7-9. 2010:
International Symposium on "Molecular Theory for Real Systems", Kyoto
University, Kyoto, Japan. Poster:

S. Maeda, K. Ohno, and K. Morokuma, “Efficient optimizations of conical
intersection geometries using new algorithms”. December 15-20, 2010: The
2010 International Chemical Congress of Pacific Basin Societies (Pacifichem),
Honolulu, Hawaii, USA. Poster:

S. Maeda, K. Ohno, and K. Morokuma, “Exploring minima on seams of crossing
by the GRRM method”. June 22-27, 2009: XIIIth International Congress of
Quantum Chemistry (ICQC 2009), Helsinki, Finland. Poster:

S. Maeda, K. Ohno, and K. Morokuma, “Exploring non-adiabatic reaction
channels by the GRRM method: An application to the vinyl radical
photodissociation”. August 16-20, 2009: Fall 2009 National Meeting, American
Chemical Society, Washington, DC, USA. Poster:

S. Maeda, K. Ohno, and K. Morokuma, “Automatic and systematic search for
routes of chemical reactions in large flexible systems with a given reaction
center by the microiteration technique and the GRRM method”. August 16-20,
2009: Fall 2009 National Meeting, American Chemical Society, Washington,
DC, USA. Poster:

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. Page, Y. Ohta, S. Irle, K. Morokuma, "Quantum Mechanical
Molecular-Dynamics Simulations of Single-Walled Carbon Nanotube
Nucleation, Growth and Healing on Transition-Metal Catalysts", The 6th
Korea-Japan Symposium on Carbon Nanotubes, Ginowan, Okinawa, Japan.
October 25-28, 2009:

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

H. Hara, G. Ichinose, and S. Irle, “DFTB/MD simulations of high-temperature
annealing of open-ended (n,n) SWNTs for n=3 to 107, CREST International
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14.

15.

16.

17.

18.

19.

20.

21.

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 Fukui Institute for
Fundamental Chemistry, Kyoto, Japan, July 19-21,2009:

J. Wang, S. Irle, and K. Morokuma, “Molecular and Electronic Structures of
Di-erbium and Di-erbium-carbide Metallofullerenes Er2(C2)@C82: Density
Functional Theory Calculations”, CREST International Symposium on Theory
and Simulations of Complex Molecular Systems and International Symposium
on Theory of Molecular Structure, Function and Reactivity, Celebrating Prof.
Morokumas 75th Birthday, Kyoto University, Kyoto, Japan, July 19-21, 2009:
Y. Wang, Atsushi Ito,Hiroaki Nakamura, Stephan Irle, and Keiji Morokuma,
“Chemisorption of hydrogen on graphite (0001): Spin-Polarized Density
functional tight-binding molecular dynamics simulations using G2MS-Drevied
C-H parameters”, CREST International Symposium on Theory and
Simulations of Complex Molecular Systems and International Symposium on
Theory of Molecular Structure, Function and Reactivity, Celebrating Prof.
Morokumas 75th Birthday. July 19-21, 2009:

dJ. Page, Y. Ohta, S. Irle, Y. Okamoto, K. Morokuma, "Healing of SWNTs During
Growth via Ring Isomerisation: Towards (n,m) Chirality Control", 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
University, Kyoto, Japan, July 19-21, 2009:

S. Irle, Y. Ohta, Y. Okamoto, A. J. Page, K. Morokuma, “On the Role of the
Metal Catalyst for SWCNT Nucleation and Growth Studied by Quantum
Chemical Molecular Dynamics Simulations”, NT’09, Tsinghua University,
Beijing, China. June 22, 2009:

J. Page, Y. Ohta, Y. Okamoto, S. Irle, K. Morokuma. "Zigzag Grows Faster
Than Armchair: Comparisons of SWNT Growth From Self-Consistent-Charge
Density-Functional Tight-Binding Molecular Dynamics Simulations."
CCNNTO09 - The 10th International Conference on the Science and Application
of Nanotubes, Tsinghua University, Beijing, China. June 21-26, 2009:

Y. Ohta, Y. Okamoto, A. J. Page, Z. Wang, S. Irle, K. Morokuma. "On the Role of
the Metal Catalyst for SWCNT Nucleation and Growth Studied by Quantum
Chemical Molecular Dynamics Simulations", The 10th International
Conference on the Science and Application of Nanotubes, Tsinghua University,
Beijing, China, June 21-26, 2009:

H. Hara, G. Ichinose, and S. Irle, “DFTB/MD simulations of high-temperature
annealing of open-ended (nn) SWNTs for n=3 to 107, Wilhelm and Else
Heraeus Summer School 2009 "Quantum and Classical Simulation of
Biological Systems and their Interaction with Technical Materials" Jacobs
University Bremen, Bremen, Germany, June 15-26,2009:

Y.Wang, Atsushi Ito,Hiroaki Nakamura, Stephan Irle, and Keiji Morokuma,
“Chemisorption of Hydrogen on Graphite (0001): Spin-Polarized
Density-Functional Tight-Binding Molecular Dynamics Simulations Using
G2MS-Derived C-H Parameters”, Thelbth International Symposium on
Intercalation Compounds (ISIC15, Beijing, China), May 11-15, 2009:

S. Irle, Y. Ohta, Y. Okamoto, A. J. Page, Z. Wang, K. Morokuma, “On the Role of
the Metal Catalyst for SWCNT Nucleation and Growth Studied by Quantum
Chemical Molecular Dynamics Simulations”, The Fourth NASA — Air Force
Research Laboratory and Rice University Workshop on Nucleation and Growth
Mechanisms of Single Wall Carbon Nanotubes, San Antonio, Texas, USA, April
17-20, 2009: S
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25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

Saha, S. Irle, and K. Morokuma, “Quantum chemical molecular dynamics
simulations of dynamic fullerene self-assembly in benzene combustion”,
International Conference on Simulation and Dynamics for Nanoscale and
Biological Systems, Tokyo University, Tokyo, Japan, March 4-6, 2009:

Y. Wang, Atsushi Ito, Hiroaki Nakamura, Stephan Irle, and Keiji Morokuma,
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