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Theoretical evaluation of the efficiency of electron tunneling through the
molecule by calculating the exchange interaction between organic radicals
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Figure 1 Biradicals used for investigation of B values  Figure 2 Biradicals used for investigation of
dihedral angle dependence
[ R & B 22]

Figure 1 {Z7R X415 7THEFE D4y - = » | oligo(p-phenylene)(OPP), oligo(phenylene ethynylene)(OPE),
oligo(phenylene vinylene)(OPV), oligo(phenylene imine)(OPI), bicyclo[1.1.1]pentane oligomer(BCP), B,
meso-P3, triply-fused porphyrin oligomer (TFP), meso, meso-linked porphyrin oligomer(MLP)IZES L T J @
BAGHR Lz, FHEMRIINFRICSHT DMK 77 ETEBRICER T2 &0 I 1ITH
L CRE)D & 2 ITHRHEI IR EE 5 = & AR Sz, (Figure 3) Z O & 7> HB1X OPP, OPE, OPV,
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Figure 3 Length dependence of J Figure 4 Dihedral angle dependence of J

Broken line correspond to the range from 90° to 180°.
(58]
1. S. Nishizawa, J.-y. Hasegawa, K. Mastuda J. Phys. Chem. C 2013, 117, 26280. 2. Chem. Phys. Lett. 2013,
555, 187. 3. Chem. Lett. 2014, 43, 530.
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Calculation of proton binding energy using NOMO/Propagator method
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Gie, 2T, DCEERERICE D% a l25EI L7 Fock 175070 & JRFTHI 72 MO #2515 %2 KD,
MO ZHid 2 Z LICK > CEHHAEAX FERIBIIHO T Z LN TES, 20L&, Yu b Oyl
i< NOMO iimﬂj*i%iﬁu IZEDE, ity ey ZimibEhTnas7e®, 7a b OESIT
B8 L Cldil i O EHIRRBIZK3 2 DC{ED X 912 Fock 1741 % 73 &l 2 B id /ey, BT R/L¥X
—DORNUC 0, NEENTVDHDOT, K(1)iT Newton-Raphson 572 & O KEMEEIZ L - TR, A
WFFE L, NOMO/PP2 i£:3% TN NOMO/DC-PP2 #£% GAMESS |23 L7-, 7=72L, 7u b -7
v kORI NS N2, SENIBE L TR0,
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Table 1 |2 NOMO/PP2 £ DEERRFE DA R 273, ik LT, Koopmans O EHIZ K 5
NOMO/KT {EDHER, 8% & R & LTH 2 8% O MO/MF £ & T MOIMP2 IO R, £ L
T, FEBMEAZ7RT, NOMO JETIE7 a b DA% EFHITH, (5s5p5d)FibaiE )k Ba% A Hv T
W5, MOETIZ P SMEL2ZEE LTV

Table 1. Proton binding energies in smaII molecules (eV).?

NOMO/KT NOMO/PP2 MO/HF MO/MP2 Exptl.
HF 2283 (6.77) 1596 (-0.10) 16.36 ( 0.30) 1594 (-0.12) 16.06°
HCI 2331 (8.89) 14.12 (-0.30) 14.38 (-0.04) 14.35 (-0.07) 14.42°
H,S 2528 (10.10) 1564 ( 0.46) 1525 ( 0.07) 15.36 ( 0.18) 15.18"
HCN 23.77 (8.61) 1509 (-0.07) 1512 (-0.04) 1511 (-0.05) 15.16°

% Electronic basis set: au% cc-pVQZ, Nuclear basis set: even-tempered (5s5p5d)
Ref.[6], °Ref.[7], °Ref.[8], °Ref.[9].

NOMO/KT 75 CIEFEBRED D DRRZEDIEF | jt%wﬁ NOMO/PP2 i£1Z & » THLEEMEB L O
SRR EETHZ L TRIBICHETE D, @HO MO EL L CHLRREDEAETH D,

Table 2 2 NOMO/PP2 £ &  Table 2. CPU times and memory sizes for NOMO/PP2 and
NOMO/DC-PP2 i+ =22 o NOMO/DC-PP2 calculations.

Pl A, WP OB A b DC CPL(’S;ime ('\,\"/Ierg;{g)
PEELOFR =2 2 AT The 5 NOMO/PP2 125 583.9
ERIEICHIRS T D, £z, NOMO/DC-PP2 (4 A) 1.4 11.1
NOMO/PP2 {7 b D FEJHEXIFAZE  (Gly),,® NOMO/PP2 114.8 3481.4
4 00056V CThotz, —DLIIC NOMO/DC-PP2 (6 A) 29.8 317
NOMO/DC-PP2 y£IT, ARy F 72 & C30H32b NOMO/PP2 133.6 6825.0
DRBULRIZI T 57 1 - B NOMO/DC-PP2 (4 A) 33.0 41.6
J1% W FHNCEH AR TE D8 LW 2Electronic basis set: 6-31G, Nuclear basis set: even-tempered (3s3p3d),
BEThAHZ LR REINT, b Electronic basis set: 6-31G(d,p), Nuclear basis set: even-tempered (3s3p3d).
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Vibronic coupling effect on doubly excited state
in singlet fission of tetracene dimer

(Osaka University) oSoichi Ito and Masayoshi Nakano
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KINhd,
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A IREE S(1B1p) & DQAYITHERIRIE L 70D, Sy FRIBEREIOC % ICE B 2 FIREMED & 5 72 9D[3].
42,45, 50A O=FEEEBET D, /T OME, BLOREE — FIZEZF OS24 LT spin-flip
TDDFT(BHHLYP)/6-311G* L <L TR & 7=, Fh AL ke 0 & 7R #EFH B 121X complete active space
self-consistent field (CASSCF)/6-31G*{EIZ LV Rd7-, IEED v 7V v 71k, FEAREDO = FLF—
ZIRENT — RGNS KT B RN DR 54T 5 2 L IC K W R Lz,
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WED v 7Y T OFHERRE Table 1,2 [ZR LTz, &H >y 7V 72OV T, TR ERBRENED
B ZDOIREIE— RICOWTOREE TS, 1 S, D IREBOT R LXF—CHAE)Z AL SED
HTHDHMR, ZDOMEOKRE SITFRED T R —D ARG 5 Ay = k8=, TREL$ % =
ENTE, TN REWEFEEOEMNIZE D S-DIREMO T F N F—ZENLE LTV L 2RT,
Table 1 (2& % & 912, 1200-1600cm™ O f F-% 35 O & 3# 7 IR Bh(Figure 1a)iC 38 THE meV F2E
DAy TV T A ZFFOTD, T D OWRREM DO = /L F—2 130 IR XV IFFICRE B e
ZHHZEBRHLNCR oz, £ T, S-D REM OER KB 5 A EL DI IRT T — R
Lo TEML, 0-30meV BBETH-7, ZHUEL, IREIOREZZE L 2 WHEOIENAETHLHE
TH TN T OB RE I(< SmeV [SDEV T o L REV, 2, ZOREE— FiTA B K
T WEENE — K X0 IRWEEE A £ - 7 @RS © & - 7= (Figure 1b), 215 OFERIL, = F/LF—[E
BERN D DG A BIRB ORI = F—EDOB K, BLUOIERAEDOHRNEE D Z LITXD
S-DIRFEM DER, T7205 SF ANRMICE X DA REMZRB L TWEH EEX BN, /TR
KT DARAEE, KPP CORMIZIIT O RITLBIMET S,

Table 1. Vibrational frequencies and Table 2. Vibrational frequencies and
diagonal part of vibronic couplings off-diagonal part of vibronic couplings
Mode k/w [em™] Ak = [V, P [meV] Mode k/w [em™] NS [meV]
57/1271 192 10/169 19
65/1455 320 25/640 32
72/1623 191 52/1193 14

< ¢ &
= <
Y <
© C (% ‘ ~
(a) (b)

Figure 1. Normal modes of tetracene: (a) 65-th (1455cm™) mode, (b) 25-th (640cm™) mode.

[ 3R] [1] Smith, M. B.; Michl, J. Chem. Rev. 2010, 110, 6891. [2] (a) Minami, T.; Nakano, M. J. Phys.
Chem. Lett. 2012, 3, 145. (b) Ito, S. et al. J. Phys. Chem. C, 2012, 116, 19729. (c) Minami, T. et al., J. Phys.
Chem. Lett. 2013, 4, 2133. [3] Zimmerman, P. M. et al. J. Am. Chem. Soc. 2011, 133, 19944. [4] Koppel, H. et al.

Adv. Chem. Phys. 1984, 57, 59. [5] Chan, W.-L. et al. Acc. Chem. Res. 2013, 46, 1321.
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Theoretical study on enantioselective alkylation by binaphthyl chiral phase-transfer catalysts
(Kyushu Univ. IMCE) (OTakashi Kamachi, Kazunari Yoshizawa

[#5]
=3O PRIE M 2 A 5 REWIZIZFER O Ar OO H(1a) Ph (1b)
ROT I VBB EE S FEL, HERROT I /8
(1c
AREEERMBC N TREAMEE fo T (L C
5, Z UL UHEK 2 ORKET AF MU L Dk (5.5 .
o §1 n\%l %) PhoC=N
FRIET X WA, X7 VANBBMEE R "N L, gones ‘”Kim“
WEAREFERD TR OA RSO OE DT . iﬁiégiﬁii Efi,n)-ﬂ?) Ph,C=N
c: o €e mol % OtBu
b5, M1DOXHI, AMbITEF 7 FLFksE preasr SN

21 SR E O TR T S B AR
b2 N A RS T VHREBBIE 1 2 2 OIS
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1) Shirakawa, S.; Maruoka, K. Angew. Chem. Int. Ed. 2013, 52, 4312.
2) Kano, T.; Lan, Q.; Wang, X.; Maruoka, K. Adv. Synth. Catal. 2007, 349, 556.
3) Kamachi, T.; Yoshizawa, K. Org. Lett. 2014, 16, 472.
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A molecular dynamics simulation study of spin state change in Fe(Il) complex
(Graduate School of Information Science, Nagoya University)
OSatoru Tuchi, Nobuaki Koga
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T—lALDFEFD : T, & A, DRT Y LT RV F— 3V L seam surface FIZHIER L
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LTCWDZ ENRBEI N,

SEhE R BE— T, OFEFN « EBRFE R 2 IS L0 —o & LC, Sl I\ BB hEh
FOREED S T, R~ %%ﬁ?é%%ﬂmméﬂfwémo%®ﬁ% 5572
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[2] Ch. Bressler et al., Science 323, 489 (2009); W. Zhang et al., Nature 509, 345 (2014).
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Theoretical study on open-shell nature and second hyperpolarizabilities of
condensed-ring conjugated systems involving five-membered rings
('Graduate School of Engineering Science, Osaka University, “Department of Chemical
Engineering, NNCT, *LCT, University of Namur) oKotaro Fukuda', Yuta Hirosaki', Kyohei
Yoneda®, Benoit Champagne®, Masayoshi Nakano'

[F] BT (NLO) BIIIAMTESL I T 2I0% & L TA L 2 0o IEFIE I K
THHRT, ZRIEAEV 2 koL 7 ba=7 2A~DICANRHFESLTND, FHx
IXZAVE TIT, Bt & NLO Rtk & O FICIRVAEBIBIR M EET 2 2 &0 & L CRRICH R
7R B 2 RO R T NLO FetE R4 5 2 & (—y FHRE. & 2 T @otiRylIn 1~
JL®D =R NLO Rtk v d) 2 BRI &M L[], —EHEBAZMEE B & L7=# LV NLO
WERRGHEEIORE . K OBARM R0 R ORI 21T > TE o, —HEEBBMIL, =1k
HEICE - THEHEND YT VI NVR Ty (0<y<1;y=0522%%. y=15220#%) 2L
BICRT ZENTE, HT0AT 2EMEEST A X, BRITEROE VIR L TREL
EEL, TORGHEDOFGICESNTTFHT LI ENTE D, FlxiX, "TF /A%
(PQM) BH&1XF /1 & (PAs%) & Clar
DI ATy FCRE LT BT h S ﬂﬁ{:>=f+_*%L<:>_@
S A R (R o ookiis H W H
<z eENTE, ZNbOFHEEE(LEE DL Figure 1. Resonance structures of PQM
& TR DOHIE 2N /RE & 72 D (Figure 1) o

—H AT ) INF L I3 ODRNARE2ODLARNZAICHE LIS TR THD .,
TR ORGSR DO B AN HE SN TV D (Figure 2) [2], 2B D0 FRITZ D%
AHEEDEVNC LD, T, AF . ZLTAHNL IR P AZY (PQM, MQM., OQM) ‘E#&
ZEENCHE T HMIE L BT, ENENORRRILIEEN v AT v M A RO B UR
DRI R > TRET D22 &b, ERERBIZBWTHREMELZR S Z LA THISA TS
[2b], ZEERIZ. MQM ‘B#& % & T meta RITHEAI 7R BANME 2 FF>— 7. para-1. para-2 3. K&
Wortho ZMMFIEHABRARTH D Z ERND0oTWD, T 9 LI 7218 OiE W 03B
REREEZRITT LN FEENS, FxDRET D y—yHBIZE ST, £ 72 NLO Rk



BRI HEERRDKEDAIRETHDL EEX D
No, T TARIETIIRERTH LML D
WG Z O T ) INE LU ERS
&L, EOKMMEENHZNE, 5 o
VW5 R DB AT D,

(EEmEtE R O R (kIE RB3LYP LB
Bw N TAT o 7o, — BB K ORI
YRR ( y..)1E LC-UBLYP (n=0.33) A

Bk A BTV CAHBRYS (Finite Field) 512 &0 N O‘O‘O

RH LU, W oORREIZE LT AR

1T 6-311+G** % v 7z, DL ERTOFHEICIE : -2 ortho
Gaussian 09 Z 72, Figure 2. Model structures
[(#R) SHEEICBT Y7 VAV ET y,

HE) S AR MR O FL A )y, RN Y.z, DIEZ 7R T (Table 1) , #EDORIR & FERIC,
meta 52 DI NP B ZFED | para, ortho RIZIFIEH R THDL Z LnbhroTz, =
O OBFFEME OB TSRS 231 5 st E,. BBIEOFRF> Clar D87 27 v MO
EWIZ X DX EMEDEND FHRIN DD KN LB -8 2, £/, F 8
AR A LR 2 & | R A 72 BRI 2 FF D meta 2 NZIE A TH B para-1. para-2 & Kortho
RITHARTREREMEEEZ R D, Fox DRET 5 yyHBEIC 8T R R L holz, &
HIZ, YOG THET 2 & BICR#MG MRS TH Dy.... DENRF L B> TEY
BLAPEREN ICEIZFHE LTS Z N L, 2D OFRIT MQM % 50 i & detiis
RRFOA T ) T L BB NLO R & F55 2 L AR 37200 T < | BAEED
BoEIREBEO =X LX — L E B T 0 Table 1. Diradical character y and second

P N T N ¢ hyperpolarizabilities y, and y.... for each system

System y v [auw] ... [10°a.u.]
DX EE LI EDHZ LICL D
o } Para 1  0.072 70000 277
FRPE D BN IS < B 2 0 v %
BT 58 LOBSREMEE O EHE# O 2ol 33000 Ho
EI=Y HOECET 1A%
Meta 0.597 93000 410
BRNEORND ZENHHIND,
Ortho 0.079 52000 232

(&% k]
[1] M. Nakano et al., J. Phys. Chem. A 109, 885 (2005); Phys. Rev. Lett. 99, 033001 (2007); J. Chem.
Phys. 133, 154302 (2010); J. Chem. Phys. 138, 244306 (2013).
[2] D. T. Chase et al. Angew. Chem. Int. Ed. 2011, 50, 1127-1130. (b) A. Shimizu et al. Angew. Chem.
Int. Ed. 2013, 52, 6076-6079.
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Theoretical study on the optical response properties of multi-layered molecular aggregates
composed of open-shell compounds
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[F] 54, FEMIE T (NLO) MEIDORREHES & L ThHFORBIEICIER RNEE
S>TWND, BIBMEDRREIXY 7 P VKA y [0(FA%%) < y < IBHEDIC K » TEERER
IZFHEC& 5, Fxlx, 2 A FETVIZESWT, BES RO y 0T L1
D =K NLO FpthZ &5 8oy L OMBEyyMEH ST L[], Z 0
BlcES&, V7o LAt aihD LT RS R ERRILKFZRICEIT
D T WIPURFE O L HE R & v 9 EER A A Sz [2],

— /YT 2 L=y TR T, ZEEEZEKLIZEOSE ) ~— LORXET
I LIz BB A0y A BER O F b BLRR N, F25E, BEES T OY 7 =
F L =% 1% (IDPL) TiL. % 1M EEHE (3.137 A) 23 H @ C-C JFi1-[# van der
Waals }-£20OF (34 A) Z K& FEISZ ENEROICHDL N E 2D | sV
AMHOSTFMBEEROFEN KRR D3], LANcFE 21X, ZOR0O0FHOn
BTN 7V TR ROFNIVEEZ R S L L L72[4], & BIZST4E,
B TVANETH DT =T L= BEIRO S FERGIERZ TR U 72356 o i EREE
RIZxT % y L HRAWEOKAFEZ i L. P D y 2777 R OFEIRICI VW THAYy
ERELLSIKRTEZEE2 R LG, 2OX ) R KITEBR S FRNLRDIES
KTITR N2 oT2Z e, ) ~— ELORXEFEZI LA EHS T
B AR S B E OB KICHE S L TWD &2 b5, AR TIE, 2 HBH%
DB 7R DEARITIT DREE-CNEREA B 2 | iR R R E S i =
FNF— BT AL b EREEBBREOMIT) biEm T 5.
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Phenalenyl radical
1. 72 FL=ASF (a) BIOT »FROZ A ~—HrE (b)
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[ 3CHik] [1] M. Nakano et al., J. Chem. Phys. 125,0741113 (2006); Phys. Rev. Lett. 99,
033001 (2007). [2] K. Kamada et al., Angew. Chem., Int. Ed. 46, 3544 (2007). [3] T. Kubo
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Mechanistic insights into the asymmetric
Kinugasa reaction of nitrones with terminal
alkynes by copper catalysis

(Ibaraki Univ.”, Hokkaido Univ.™) oMartin Christoph Schwarzer,” Ryosuke Konno,"
Takaoki Ishii,” Hirohisa Ohmiya,™ Seiji Mori* and Masaya Sawamura™

Directionalized hydrogen bonds often play a key role in stabilizing transition states and
therefore are a very important element in developing new catalysts for asymmetric synthesis.
This study focuses on the reaction of nitrones with terminal alkynes, which can be controlled
by copper catalysis utilising prolinol-based hydroxy amino phosphane ligands to selectively
form a 1-(R)-2-(S)-B-lactam (Scheme 1).

Ligand (L}:
Cu(OTf), o

Ph
Ligand (L) PPh,
HMEt, M y OH
Toluene Ph” R aj/\'
tBu

Scheme 1 Reaction of substituted nitrones with terminal alkynes via copper catalysis.
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The initial stereoselective carbon-carbon bond formation has been investigated with the
density functional BP86 and the basis set def2-SVP. For the purpose of this study, the system
has been truncated to generate a more suitable model and speed up the calculations, i.e. the
neopentyl moiety of the ligand has been replaced by a hydrogen atom.

Figure 1 Molecular geometries of the lowest lying R- (left) and S- transition states (right). Bond lengths are given in A.
Gaussian09 BP86/def2-SVP.



Ligand {L}):

R Ph Ph Ph * Ph, R
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(e IR [ NN A
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N QN/@ H \_/O"”"OHN'@ N b fo bn N beH Nl
R, Ph N H N

Scheme 2 Schematic representation of the formation of the five membered ring intermediate.

Based on our previous work,[! from the initially considered 320 possible conformations of
the reaction system, a subset of 80 states has been treated to the full extend. These converged
into six pathways for each stereochemistry. From the remaining possible conformations, which
have been expected to be much higher in energy, some paths have been treated representatively.
The most energy efficient pathway leads to R stereochemistry and has an activation barrier of
AG?8K = 17.8 kcal/mol relative to the resting state. The lowest lying transition states S
stereochemistry has a slightly higher barrier of AG?%¥ = 19.2 kcal/mol (Figure 1). Employing
transition state theory, this energy difference can be translated to a R/S ratio of 9:1 or 83% ee.
The results are in good agreement with experimental findings of an R/S ratio of 8:2 or 60% ee
at -40 °C for this system.[?!

The optimized geometries provide valuable insights into the mechanism of this reaction and
explain the reason for the stereo selectivity of this reaction. Intramolecular O—H---O hydrogen
bonding (R: 1.502 A; S: 1.476 A) plays a key role into stabilising the transition state
conformations. A notable secondary interaction arises from a non-classical C—H---O hydrogen
bond (R: 2.394 A; S: 2,327 A). This is supported by an analysis in terms of the quantum theory
of atoms in molecules, which reveals bond paths for these interactions.

For steric reasons the S transition state is slightly disfavored, because of the interactions
between the cyclohexyl moiety and the phenyl moiety of the acetylene.

The reaction mechanism of this first stereo selective step can be described as a pseudo [3+2]
cycloaddition, where the first carbon-carbon bond formation is the rate determining step, while
the carbon-oxygen bond formation occurs without a barrier (Scheme 2).

The model system has been verified against a variety of other density functionals and a
different basis set has been tested. Grimme’s dispersion treatment has also been employed. The
influence of the solvent toluene has been treated with the polarizable continuum model. The
used methodology for the model system has been confirmed stable to these variations.
BP86/def2-SVP performs reasonably well. The study has also been extended to include the
original ligand with the neopentyl moiety. In addition to this a CH,Si(CHz3)s substituted ligand
has been investigated. Only marginal changes in the predictions have been found. The model
system has also been extended to include different substituted acetylene reactants.

References:
[1] Ishii, T.; Watanabe, R.; Moriya, T.; Ohmiya, H.; Mori, S.; Sawamura, M.; Chem. Eur. J. 2013, 19, 13547.
[2] Ishii, T.; Schwarzer, M. C.; Konno, R.; Ohmiya, H.; Mori'S. and Sawamura, M.; in preparation.
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Theoretical study on open-shell natures and third-order nonlinear optical

properties of heteronuclear transition-metal chains: Metal alignment effects
(Graduated School of Engineering Science, Osaka University) Shota Takamuku,
Masayoshi Nakano
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Cr(Il),Mo(I) & — R JtIZEES L7z — 8% a K ONUEE bl-b4 D45ELH
# DICOW TR EIT 72, bl I 2EELM 2 (7T, B a & g @ p &
BT o4& R MEBER) Z —RIZIE L, % R TO do, dr, dSD
BHM: 2 UHF 3HR2 B8 7 ARUE O 580 bR L. #ily
DAy 2 UCCSD FHE THE LIV AGAFE FICB T 2 =3 v —2 W THRGIEIC L0 & il
L7z, AR TIIFUED YT VAN Ly & OMBEEFENZ T 2729, y& do, dr, dd#LEDF
HydX). X=0. n, SICHET 5. B OfEIZ, UCCSD IETH OIS B HiNEEOESHICLD
3Py 2 VTR SN D[S, LA EOFE T, Stuttgart/Dresden ¢ ECP % F U 7= HEAH s i B JE BE 24
SDD (Z f 43 B%% % i % 7= SDD(f) I JE B %k & v 72,

[#R]

FRIZBIT Dy D I KB (Ymax) & Z D & & DT HEEHE(Rna) R 1 IR T, fRDOETDORMN
o-dominant 7252 T % Z & doWil O BAERIEDFFEE TH 5 y*U(do) A 0.5-0.8 & U5 72 1 O FEIR Tymax
LD ENHLMNE R o7, FHERFRZRECHI(bL,b2) Tl Rpax (XRIFREE & 720 | yIT a (203 2B KL
ENEN 2445, 25 L ot TNHOESITIE, HEMRANCH L TEDICHFS LRV ERE
R DLHRD 72 B % 5% 2 Ty BT S S E 72572, b3 T Rpax DO RIZH TR LTz
D, ZHUFEGEH AR OB L D, TO/NER Ry 25 b3 ML E D /NS 2oy & 52 5 EHIR & &
R DD, b4 T Ruw lL a, bl EERETH DD, BELTZRP THRR DY 278 L, B0 IUEZIC
L7 & & Dypax DEEINZRIT 44 5 L REERG2 ) LD b REWZ Lo 7o, Y EMENT A5 b3, b4 T
X, @RHEAERICDIE > TEROSGMWBAETTEBY . BROAMOMY 23K E VN bd DI D3E AR
T2 Z EVHIBT LTz, b (ZBHEHIR & B OO Y O RPN LIZHEDYDOERICHF G LIz L BES
na,

R 1 Yimax & Runax DEFH R

fic 5] Ymax [X10” 2.0.] Run[A]l  »*(do) []
a Cr(IT)Mo(II) 5.14 3.4 0.826
b1l Cr(IMo(IN)Cr(IT)Mo(IT) 121 33 0.743
b2 Cr(IN)Cr(IH)Mo(IT)Mo(IT) 165 3.4 0.732
b3 Cr(Ih)Mo(IT)Mo(IT)Cr(IT) 68.0 2.8 0.513
b4 Mo(II)Cr(IT)Cr(IT)Mo(IT) 229 3.4 0.744

[&%3C#]

[1] M. Nakano et al., Phys. Rev. Lett., 99, 033001 (2007). [2] M. Nakano et al., J. Chem. Phys., 138,
244306(2013). [3] H. Fukui et al., J. Phys. Chem. Lett., 2, 2063(2011); J. Phys. Chem. A 116, 5501 (2012);
Chem. Phys. Lett., 527, 11 (2012). [4] T. Yamada et al., Chem. Phys. Lett. 579, 73 (2013). [5] M. Nakano et al.,
Theor. Chem. Acc. 130, 711 (2011).



