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Figure.2. Reaction time dependent Branching Fractions of ubiquitin ion (z=6) reacted with

1,4-butanediamine.
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WM FR 2 P LTz (2], BB 1 K 2 RO HE B O B I M B 2 = 1L ¥ —F R
CCSD #:3 L O CCSD(T), o Ea%E M06-2X/aug-cc-pVDZ 14 T O FHFIHREH AT 5 A5 R %
HWe, 2 2 TlEfS b7 O R EUSRFR OB E DT & BUSHE EE & R TE LTz, 723,
EREOZELEMEZZE L7 CASPT2 G5 & Sk L 7=, LRI X augrcc-pVDZ % v 7=,
[REF - B2 7 I & Os OISR, DRFITHES LI2KFEDN Os 12 X0 BilE, i) &5
IZAE A LT2KSEDY O3 K 0 Wi, i) 2R & OsBROIAREEIA, [CRAlSiLd, SC-AFIR
BECHRBLIFETIE, DIEE/ - ¥ MY AFATIUT, IEE/ - VAF AT I T, il
XV ATFNANT I TOH TS EENGEON[2], BOSHEEES &k (X, Table 1 IZ/RT X I
CCSD(MED L~ )L ThD A, FEEr LA U k[CHsNHz + O3] << k[(CH3)2NH + O3] < A[(CH3)3N +
O3] DIEEEHDNATE & ik L A BB LT,

Table 1. Kinetic rate constants k for amine and ozone reactions (cm3 molecule? s1).

MO06-2X CCSD CCSD(T) Explt. [3]
CH3NH: + Os 4.70 x 10717 1.44 x 1022 3.26 x 102! (7.4£2.4) x 1021
(CHs):NH + O3 3.34 x 1015 1.22 x 1019 3.21 x 1018 (1.67+0.20) x 1018
(CH3)sN + O3 1.70 x 1015 6.47 x 10720 8.78 x 10°18 (7.84+0.87) x 1018

EAFAT I UTHEL, OREBRE DICE T D CCSDMIEIT X D= F L F—0ME < SO
EERERD D EBRGRE E 2oz, PATFAT I TR, MnEEEHICEICHFS LEZO
IAOGIBRE 1) & D Thotz, £z, OB iil) & SOGERE D0 5 bikilk+ 5 mFEENT DK
TS #3872 WR B CUIAR R = 1L — 238 < 7 2 DR EN /3 Bl B9 S 3 Mt oo TS A 0 B8 L,
FGEE ERA~DEGNERH TE HRE SIThhoT-, BICKOGERE )- GICkIEd % 182 TS
SR OSSR « AR o FAiERE EQ % Figs. 1, 2187, 22T, UGB i)l
T2 TS12/15 %% 5 MISHE TR OF HIIMETE /-, — 5, RIS EE IS 2 5 T,
TODRFZEENT HEIRO TS HEE(TS10/1, TS8/16)71> B4 5 AV 7= SUSHEREE 7 6 O3 552t



TLHHENREL 2o, MAT, ERHEEFEREICLY EQL. EQL6 7»H 02X HO2...0H
DR D SOSBE DS FIHISUE £ 0 BARWS = 3 L F—Tilede Z E B L MR- 72,

723, OH 7 Vi # &t EQ13 Akl [ZRITHEA LAKE] & [ZooRFEEZNT
LHERO TS #1E(TS8/16)] Dfi F DIFENKLETH D, - T, ZODRHE & RIS 2 Tk
L2RWEE 1T X E BRITHES LI KEBRTFE LR WE 37T 2 ClE OH 7 ¥ VA RSk
FRVWEEZLND, ZOERE2HRT I NTBWTDOAROH T 2 AN ERS 2 BRI fEIR L.
FEBRTO OH 7 ¥ N OEFIEROBPEFR R4l E RIS L TR Y, EREREZHNTE 5,

\ ® @ 0_% o

‘/‘9

TS10/1 TS12/19 TS12/15 TS8/16
Fig. 1. TS structures between pre-reactant complexes (EQ10, EQ12, EQS8) and intermediates

(EQ1, EQ19, EQ15, EQ16) for dimethylamine and ozone reactions.

®
EQ21

EQ13

Fig. 2. EQ structures after initial reactions for dimethylamine and ozone.

GaEE] ARFZEIE. RICENBREMIEFTO 2 v B2 —2 v A7 A(SGI UV 20)% AV CTiT7abi,
—EBIE B ARFL AT TR AR [ e @ AT SR R B R R A e o 2 — ORI R AR LT,

[1] Maeda, S.; Taketsugu, T.; Morokuma, K., J. Comput. Chem. 2014, 35, 166—-173. [2] H&;
AK BirHEs Rk, # 31 bR SEERZ, 2015. [3] Tuazon E. C.; Atkinson R.; Aschmann S.
M.; Arey J., Res. Chem. Intermed. 1994, 20, 303—-320. [4] Seta T.; Sato K.; Imamura T., 24th

International Symposium on Gas Kinetics and Related Phenomena, 2016.
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MRAKXE 1 BHXE?) ORMMEE 1, FHKHH 1 EHEX

High-level ab initio calculations of gold monosulfide, AuS
(Shizuoka Univ.l, Ochanomizu Univ.2)
Emi Okabayashi!, Toshiaki Okabayashi?, Tsuneo Hirano?

(FIGERFIEERERFIIHLTEVRMEEFOIEAMON TS, D=8, HIZ L.
EF/VFRF—OEERITFA—IIWEZZESELHE. S-HEEIHARL. RhoTE
FELIZ Au-S #EEVFTITERT D, CNEFIRATLHE. RinEFA—ILEELI-EED
EHLEMESRALICEMTIENTRETHD V. COF XK. FA—ILEEFIAL
f=EF /95 R3—NDFKREEL. EEIR L TH SAM (Self-assembled Monolayer : B2
SBEESTFBEB)ERGEISRASNTEY., Sollldk€ —BRBEEICEB LM HERAFEA
ERZLGLENYERETIND,
NOEDRIGEEETIRICEELLIONE-—HRERBEETHY. TORLEMGTET
IWRFELGDBDMN—IRIEE AuS THD, KR IHWEFNZ. CON FRRDEIEEZEBZE R
LT. EFERREBICEATIERAMEYEILZMMEEZNH THLMIZLE: 2, #i
Kokkin b &5 EFEBDE R 9T, EFMEKREBIIOVWTEEHEENDLT DM HTE
TW3300D, 2BDAFEBAIZIKIFERE, AuS IZDNWTIE, ChETIZERELERTE
FIFEAETHON TGN EN S, SE., X HFEEZSHT-EREL ab initio 5T E%
RAWT. HELEZoE, o —RERGESDERZTHIET &&=,
(tEAE-HER] SHE/ v 7r—IELT
Molpro2012.1 ZFL), $RXTDEEZE Cov AT
Ti1o1z0 £9 Aut(18)& S(2P)M MCSCF HA#EL
1% merge LT AuS O#EIENEFERL. Au ]
5d6s, S 3s3p % active space ELT-IRAEF Y B

CASSCF BT of. SO 2 BEBTREEIS oo o |

XLTI& 25+, 23, 21, 2AM 6 JREEIZDLNT ., 4 EI1F

250001

RAEISHLTIL 4T, 43, 1D 5 REE[CONT, Zh 5

ThREFHLI, ChioZTIc MR-AQCCEHE ¢

7L SETRETOTRLF—EALT e e ey

MR-SDCI L AL T Spin-Orbit EEAZEMEL | T |

fo 1285 ABRRBRITOLNTIE 3 RO T 0

Douglas-Kroll (DK3);k(Z&YFHIELT=, g M
RREERE 2.1~2.4 A THON-#ERE Morse _ T,

ATV L v ILERIST v L, FHRMERS O TR g

r (Au-S) (A)
DHEFEREHERELT-, Fig.1  Potential energy curve of AuS



BonfARToiv)LEIRE Fig. 1 (2, EREFKE XAl TR T 50 LENEHRE
Table 1 2R3,

[(ER-ZR]HATHELROKER. IO AuS DA AFHEHREZBRT 5:=0I121%, EIERH
#ELTIX Au: 5ZP ANO-RCC, S: aug-ccpV(+d)Z NEZHTHY . MR-AQCC 5tED
active space [& CASSCF &FILC Au: 5d6s, S: 3s3p &LT1=5Z T. closed shell [ Au:
5s5p4f, S: 2s2p & 1= core-valence EFHEADHENBETHAZ LN HMoT=, O
NEDIEMND, AuS DEILGRENAFHFETTRTH-0I12F. (1) SOEKRBHKIC
tight & d BENEFENDZLE (2) BREFORBIAENSDOEFHEAZEET ILEN
HHE. D2 ANEETHIEEZLND,

CDHETELNT X 2 OFER RS SUBBIEEHUE ro=2.1591 A, @e= 412
cm 1 THY . D EREZIEEICKCKHERLTILVS, £f- MR-SDCI EEIBF#M L X
2[5 D EFLLE re=2.156 A 2BV T Au % L TOEIBATREHEL ., B F4E
BEREHR eQq DiEEZRIEL-1-EZ5 173 MHz, i o=, THBFE AN/ IOE D
[CKYRFELT-{E 190(27) MHz EEEBRIREAT—HLTHY. SERIDFHEFEIEEES
BEDFAICEHLTIRETHALHITES,

ST, KBME TIE 24000 cm L fFHAFE TOEBEFMEKREICOVWTEEFEZTL. BF
BEICEATAF#LLVMRER -, ST OLTIXHA®RET 5.

Table 1  Spectroscopic constants of AuS in the X 2I1s» state

A)  1rA) aCm’) viem™)

This work 2
MR-AQCC 2.1565 2.1591 412 408

Experimental
Mw —  2.159 408° —

Vis) 2.156 (1) 410

acore, Au[Krldd S:1s; closed, Au:5s5p4f S:2s2p; active, Au:5d6s S:3s3p.
b Estimated value without anharmonic terms

1) e.g., J.C.Love etal, Chem. Rev. 2005, 105, 1103
2) KEFHTF - fExES - AR, B 122 FAIEHAESE 14
3) D. L Kokkin et al, J. Phys. Chem. A, 2015, 119, 11659
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Path Integral Molecular Dynamics Study

on Muoniated Radical.
(Yokohama City Univ.™ ) oYuki Oba*, Tsutomu Kawatsu®,

Masanori Tachikawa™

[F#] EIa—A>@EHOEEE 7O OH
1/9THH., ZNEBFESETEFE /O ELDEHKX Py
EW, e, T2 —AZTALAMUIKTEDUE1
BEOEFH 553 RFREEEHTHD AT — Rom.
BEULCIa—AZV LMD FZERT S & y’\%/g’\cs )
NHASENTWS, 2D EZFu HHIBICBRTH S ?y
WEEFIAT 2 E T KHSHEBECEF b o )
VHIBETIFHE TCERWEFMILFEEDRIE Fig. 1: The molecular structure of
BIORY OB TLETH 2 A, Zhic |t =5 muoniated acetone radical.
MhERONZBHHEEEERZTEICK > TR
BI2ZENRETH D, Fig. ICT 2 —AZTLAERFDOVEDTH S, Muh
FERVICHEAUL S 2—AZU LM77 MY S Y NILIMU-ACE) DD FHEE. R
FDOINILEIOEBREINDIBE/NTAXA—FYDEEZRLT, D. ButtarSIC L >
T. Mu-ACEDOMUICXS T 2 BHMIMlIEEERD 70 ~ VIREEA, [F KB EH T300
KICEWT8.56 MHzEFRE SN TWB([2l, KICBREBAICH > TADNBAL TS
EHBEINTWB[2l, LH L. Mu-ACEDA, % —fRMIREFIREESTE (O K T&E
HUTH-5.18 MHZB|E R D EEREZIRE TE/H WV Z I THRASBIES TOHMRE
PUrDESIICLDEFIREREES D FEINFE (PIMD) FZ2RAWNSDZ & THRD
AN TMU-ACEDA,ZSTE L. EREDA' DR =MFIAITD&xBME U,



[Et&3] Mu-ACEEKFIET MY S I DILH-ACE)DPIMDEEZETT o 72,
A E TEMULES KTHBIRICTH U TE—-X#E64E K6 & UTeo FIFRER
FYY P )LDFHELANILICIHO3LYP/6-31+GZEAL, BE(E150 KB K300 K&
U7zo stepB & KU HREZI A (FMu-ACE. H-ACETZMNZ1.95,000 steps (0.04
fs/step). 95,000 steps (0.1 fs/step)& LTz,

[((EREER] Table 1(CAARTH/SNIA DEZR U, Mu-ACEEH-ACED
A'DKNBRESPREICEL DA ORI ZEMNICEIRT DI ENTER, T
EERRowE. MuLDEFICHBENRSNIEZENS, MUDKEREFHRIC
SO TMUD' P Y DBRRFHSPHREHT DL OBEBENHMNMEZ. MuE
HODEFEEMERULIZOIC—MRLBEFIRESTE L HENTADKRELR
D2IEEZEND Rz, Qe TBINRT VY v IILIRILF—STEDRERPPIMD
TEHRONTBENHELRITZIET, BRENLERCHE > TADIBKRIT DD,
Al'ICHBEAT D duDZEILD UPTEIMNEREICK > TEDLDIOHTHDZ EHHH
D72, —A T, PIMDIC K BT RIENEERREZ LB > TLWDDI(E, EERRICH UL TIZ,
MU-ACEEBIEDB CREYRIBN R EDEHTHD I ENRBEINT, > TS
REFBHREDRAEVYTIBDESZEDAA T, A/ DESENBBIRE BEOTES
BITUTW FETHD. UUEDRREFFHEE UTHKREHTHD 5

Table 1: Calculated A,” values for Mu-ACE in PIMD  References

simulation (Mu-ACE"™P), H-ACE in PIMD simulation [1] P. W. Percival,
(H-ACEP™P), simple geometrical optimization for H-ACE Radiochemica Acta, 26 1
(H-ACE®®), and corresponding experimental results  (1979).

(Mu-ACE®®", H-ACE®#"),

Hyperfine Coupling Constant A/ [MHz]

el ETEN IEETEN TN

Mu-ACEPMD 32.12 28.76 -

H-ACEPMD 3.97 -1.40

H-ACEEQ -5.760!

WRRe Sl 8.56 (300 K)2 3.64 (180 K)™2!

H-ACE®S®t 0.9 (301 K)# 0.0 (251 K)“!

[2] D. Buttar, R. M.
Macrae, and B. C.
Webster, Hyperfine
Interact. 65 927 (1990).
[3] R. M. Macrae et al.,
Physica B, 326 81 (2003).
[4] R. Improta and V.
Barone, Chem. Rev. 104
1231 (2004).

[5] Y. Oba, T. Kawatsu,
M. Tachikawa, J. Chem.
Phys. (in press).
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A computational study for the NMR magnetic shielding

constant of Hy/HD@Ceo fullerene

(IMS!, Yokohama City Univ.?) OTsutomu Kawatsu'?, Masanori Tachikawa?

[/F]

77— L U INEE R B 372 (RFE & BR o Bk 22
ThHY., 2RSS I, 1RE7 77—
Ly DR EFBEERATE EEZ DD, FHELIZE
STHEKEINTKFESZTHRHEB T 7 — L
(H2@Ce0)[1]TlE. /KFED NMR LEY 7 R0 DIl
MRIRPME SN TEY . AR L7 EZ8R)
b, 77— L UANE OMBERN/NS WD &
HENTWD[2], AR TIE DR TR EE I,
[FALARZNFAZ DWW T HEH ATHE T o 5 55— ELRE
S TR B) R W T, B, 77— L
BRLFr—RK-Ya—rXNGr—YRN, 77—
NEW D ZDDET IV L TEBRIERER O R 21T o 7o, RS 5 FE)F
HEiX, BFROE—XEBIC X0 Ak U i ok 72 O 0B L | AkKDETRD
SABEENEMIC /5 Z L AR L TR Y | &1 ROWELEZ ek O & szt 4 H
W FELIZZERBEO FIRIC L VHET 5 FIETH D, B —XEB L7z Ho@Coo D A
Ty Fvay FEXITRT,

X 1 BREESEICHED
Ho@Ceo D & — KB4,

[15]

fiEl % D Ha@Coo DFEIEAE S 5318 ) 73R TlE, 293 K ORI RIS 2 FIHE B
BT XN 2729 2T, FERIRERE 0.1 fs/step T 1ps Dby I 2L —Ta %
To7=Db, 3ps OGS 7 ) o 7 &iToT2, Z0L ZREHIEICHES 7 — N —4H
WD LT, 293K OB ) =INNT o U TNVEER LTS, EOMO 5D
EFETMZOWNT S, FRROEELDODL, £ 9ps DY 7V I EIToTe, o, =
ODETNETIZOWNWT, [FEOFIECTEE DS FE %Y I 21— 3 U EITD,
ZINER, 16ps. T2ps. 12ps DY TV o T adTo0, BEHESDFEIZHE, B



L OEE O FE N FEOHEICIIINETHLHR A OMEETHELON TEZ AT X
sz%%wTwéwov:;v~yayf%méﬁ%ﬁﬁ%VV¥w@%%rw
Gaussian09 Z W\ CTE Y | FHHE L~UL1EZ B9TD/3-21G(p) TH 5, RNy 18 15
EIZ XD B —XRBEAEUL 32 & LT, B EEE wB97/6-311G(,2pd)(7k ), 6-
3IG(RF)T, 1fs T L offE&EZE W CEHE LT,

[t R & & 42
ENENDET N AW TEE LB ROERUER 2 R 1 1R LT, SRS
BERUERESIT, 2N TNOET /MR L TRR S TflE R LTS, SREIOFET
TETF LIFRTFEOMIIA NV =F y RXong = —EHERWTWL 720, ZRF5F
T%éﬂ%%%@% Fo T D BRI E BT K R R D 7 6 BERE D 7 DO HEIE 5341 1T
KFELTIRED, K 1 TEEDIKRED T ORI 77 TN FEIC X DR EPD 2N
BUAZIT I (cla) & LERT, /NS VDR, KB ERNEWITIZE S ofiaRio 2 & IiTxt
JET D, ZAUTEM DLW — P NOKRFE S FITONTHRIERT, B2 oKFE
LN — VN O IKFEOERRERER OE NI NGICHALIAD b2 LIz X o
T ﬂ%ﬁfftAE@ 7Fﬁ75>
s LTV 5, *ji‘( NQE for H2 x
Ho@Coo DIKFE DIZIER,  Ceostatic % X o O O O
ﬂifﬁ&/ﬁ;ﬁ ;tﬂﬁ@go L Cg electronic

cage (Cla) | cage (P1) (Cla) (P1)

Z L, Ceo @ﬁ?ﬂ(

Sigma (ppm) 26470 26193 26511 26250 36192  35.630
DEGTHD, ZDM,  uppereror 0.003  0.005 0.003 0.003 0.010 0.009
H/D [FIf7 %) B B85 Lowererror 0.003  0.003 0.004 0.003 0.009 0.007

oL WG E RSO 21 gaE T CIT 2 MBI E O 4 (1) b 2 S A T
WELL DOBIFRIC DN T s i kBT ORREERE K o (F),

b EEZITO FETH

%,

2B 3R

[1] K. Komatsu, M. Murata, Y. Murata, Science 307, 238 (2005).

[2] N. J. Turro, A. A. Mari, J. Y.-C. Chen, S. Jockusch, R. G. Lawler, M. Ruzzi, E. Sartori, S.-
C. Chuang, K. Komatsu, Y. Murata, J. Am. Chem. Soc. 130, 10506 (2008).

[3] M. J. Gillan, The Path-integral Simulation of Quantum Systems, C. R. A. Catlow et al. (eds.),
Computer Modelling of Fluids Polymers and Solids, 155-188.

[4] K. Suzuki, M. Shiga, and M. Tachikawa, J. Chem. Phys. 129, 144310 (2008).
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Optimal control of selective photodissociation of IBr by the non-resonant dynamic stark effect
(Tohoku Univ.) OTomohiro Tashiro, Masataka Yoshida, Yukiyoshi Ohtsuki, Hirohiko Kono

[ ) ALB0S TIRBUS 4 F A 1ol & O %8 3 S
L, EVCHBVHERZKELA S, TR VETFOS & Ysate @iz k5
AAACHTHAL S, (LA B LU S RS O | 2. b
ﬁ%oV—f—NWX%%wmfﬁ@ﬁ@ﬁ@éntﬁ@ 3
HESFICEINTE 5, e UL 22 F A+ 5854, g Ny @ﬂf‘/_j}\qﬁ

ﬂ%@]%ﬁ’?77/7 oy RUBEEZ P OBIRE S S, — <
F, FI AR E O SRS OBIREZ TRV e

W, AR & B0 C B RIES ERRIEcx 5, ¢ 2 3 4 5

WHBRRE (A)

T N 72
BT~ CRELARUR LI FORIIBBRRRNAE T e

RBIThH D, HEFRISIZI T 2 IEWBGER I3 LTl
B AAER 28 L ik f&éﬂéj‘n?ﬁt‘i‘T//%ﬂ/@JE’J o XV RN X D HIE SR X
5, IBrOERAAZEE S B BN S = Z L 7 I SEER [1] 3 8 S AL72 23, FEM 70 M O foc i
RHIENEIZ ST e o TR, & 2 TARBISEE, Fox MBB%E LI IERE O R sl I =
—>a 21 H L, IBriZidsiF 2 B SEARRE o i 72 i 2 1 & 23 5,

[#55] IBr OXfiEEZ X 1 13 3 EHREWX B VTt 5, EFTOHER 7712
Epump(IZ LY BIRIEITIRENE R 2 KT 2, ZHUC @B 722 FEI0E L — P — L ZE(t) & B
L,Br 721X Br*O— 2 @RI AEKRT D, ZZCUTOv a2 L—FT 4 U T—HFERXEE 2 5,

/ HY — S [E(0)]? Vv 0 \ (llpy@)>

iha|9(0) = Vs HY = 2[E@OF  ~upxEpump® || 5
0 —upxEpump () HQ — “TX [E(t)]? [Yx ()

ey

Z ZTHy, HY, HpI3 X, B, YIRIEEOIREI NIV =T, [y (D), [Pp(0)), [y (O)NTAEFIRRE
DIRENE R TH Y, iR ay, ag, ayZl L TE@) EMHEEMT 5, £72, upxld X-BIKAER]
DEB IR TE— A Haagiﬁ“(“&béo
BRI 72NV A B B ET D T2 O B BRIt 23 1F 5 B RJILBEIBF 2 IR D K 5 IR ET 5,
F= (‘P(tf)lwlq’(tf)) @)
W = [dr |Dryw(r){Dr|,D =B £72I1%Y (3)
ZITWIEFE =Ty NERFTHY, wr) Xt L BT ERER A8 ET 2 BEAAMTH D,
I 72NV AL HBRA 31T 5 BIREEE 7213 YVIRREOMHEER L R RIZT H /L R L EHRKS
o, ZOHWEEFZ Y 2 b—F 1 o —HBRROME G T CESEZHWTH#RS Z & T,

WD L —H— UL A HRADNE N I 5,
ay 0 0 1Sy (£))
m<3(t) (0 ap 0) LP(t)>E(t) =0, |E(@®)=|1¢() (4)
0 0 a 1$x ()




=L, [E@ONFOROWEEU A2 ET T 7T Va2 RERKT 10 ‘ ‘ ‘ @
b5, REHEY I 2 L—v 3 VT, LUV ARG H R 5
REMEING, ROFREREEEZIa2L—var$5, HB 0-
WNBEEF DENIOR T 5 F TRV IKLHEZITY, 2B, RO -5 \

Fo2 LA

FERREIIAT Y v AR L —FEEWME 7 — U =K
(FFT) Z /A& o TR HE T 5,
DRSS - AR ] ME(maEAh & LC, WKt = 0ic B IRREIC 7
Sy e Ay RURENER L EMGEL, Bré Br Ofk U WWWW~*
ARMET D i LV A LB A 2 TR 7-(X 2), B -5
Rzl = 1.5 pslCRE LTc, WINOHE bR LA T2 -10]
SDE—7 EFO/ UL R E LTRD BT, 0
ITICREMZ T 225, 3 1 7OV AT EICBEROBEZ RN 1.0~
FITE &, 2 VLRI R ER TORT v v LR E
HfEH9 5 LR T b, 5 084
F7, ==L 7 =2 FOEHGRIZESNT, Fl1 iR @ |
I L BHEE LD, SR 3b)DARLATE ORI T/ LA A i““&oé
MR &N D & WROMEvIZHN L, QB A OEN TR Sh
% &R OEE N T B, 0.4
2L AT a b
HE) =~ LI EOF O gy o s B
D28, b: Br ~O iRt 2 /2 1k)

N
18132 (b)

E(t) (GV/m)

Z ZCuld IBr OBHRE R, Vi BIREEOKRT v v

T RVX—, riIEMEIERECTH D, £7-, Landau-Zener O K =615
% & B-YIRRER] O IEWrBGER DI 32 A Bstate

_ _ —ZTTV}EB
Pz(B—-Y)=1 eXp{huaAVBOO—VyO)J ®)

ThD, DV EROBEENEINT D & IFWBGER =R 8D
(Br*23 AN L, PR OB 3 5 L BB MR K INBr 2344

T %, LoT Bre~OfELE L 2 SBRO AP ED | op(r)

BEI(= 2.8 ANCHHR D5 5 & = (=40 f)IT RS S5 LR T | \\\5____
%%, F72, Br ~OfHHEE L A 3RO AR Ao () , ,

(r= 3.1 AN A B 5 & X (t= 50 f)I IR S5, 2 3 4 :

. . C e . KA r (A)
— 0, BEOEREO/ IV ATERRZRT VX VR w3 WEEAT v v L (EE) L <

%ﬁ%@@?ém%ﬁ%?%hﬁﬁ%héo:ﬂm@% gfﬁﬁﬁgﬁ%gﬁ%ﬁ%&%ﬁ
T a XV IR K D HFRART T x (X 3a) & F
LT, WRNRESZBERT DXA IV T EEBMEREREL TS EZX D,

X KB O OILIGTEER 2 Z 8 Lo filif o X = L—3 3 O R & HlEERE IOV T
YR, ®ET 2,

€ BTN
[1] B. J. Sussman et al., Science 314, 278 (2006).
[2] Y. Ohtsuki and K. Nakagami, Phys. Rev. A 77, 033414 (2008).
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VSCF-CI calculations of strongly coupled systems
(Tokyo Metropolitan University!, The Open University of Japan2) OHibiki
Iwasel, Kenro Hashimoto!:2

[F] 74, VSCFI1]l. VSCF-CI[2]} 0* VQDPT2 i [31 73 FeFiFR BT 12 Jis < AW H T
b\éo IS HETIE RICHEEEEZ R A L CEET— FE&0%4 5, LavL, HUEEE

ICBWTIEEIT— RS FEE T 29 Tld, T— FHEINH5I1IiT72 v, Z0A, CI
ﬁ%fi%<@ﬁ%%ﬁ%@%@7%iﬁ%ﬁ%@ﬁ%ﬂR%ﬁ@%§ﬂﬁ%f&éoik\
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Rotational effects on the quantum control of isomerization
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Analysis of fused cubic (H,0O), based on LPMO PT:
Correlation of charge-transfer term with hydrogen bond network

"Hiroshima Univ., *Center for Quantum Life Sciences, *Keio Univ.
Dai Akase,”* Misako Aida,’* Suehiro Iwata$

(5] KT 7 AKX — (H0), 128 BKEFEES ORI IMREDK 0 2723, JH D DKERES XY b
D=2 MAFT B E IR RBHBENT WD, LELERS, —RITKZ I AR — 3% nEE2 &
D, ALY AZADIIFTAR—THEENETNDKS T DN EN—E TRV, KEMEGDOMI
DKFEREG 3y BT — 2 RAFE2 ERMNCHHMEIT 2 2 L IFBEM TRV, ZO XS RENOZOITIE
DFOHNE B —E CTKREEELY NI =R INERE L5 RRAZERTILENRH L.
DEMEHTZTRD DL UTEHEKT TAXR—=RNHE. ZHEKI T AR—TIX, &KIFI%
EARDIER, KD FREDOKEREE DL HEADOLIIIET 5. K2, ELERTH SR E+
AT H L IEAMEREITHIET 2K 5 AR —1F, TRTOARERKESE S Y N7 — 2703
BINTWS., ZNSOLHEKIEETEMD 3 20U EIAET ML HEATHD, ST HKZ T A
R—DEIKDFIE 3 ADKZEREEEZEHE L TS, £oT, KOFICWEX TNV RF— -2 TNT 0
YT R— (dda) &V INVRF— - XITNT 2T R— (daa) D2FEHEDRA THELEL, THoH
DIABDRIZ L > TKIEMESR Y M7= DBEHRINTWD.

12 11
B4 l3/mak, fused cube B (Fig. 1) DK 12 EKIZ DWW T A BERKERE G / ;
2y N7 — 2 B, MIETBREMEE7-. Fused cube 13 Bl O 10

BHAN 3 DDOWUE AT 2 MEBHIKA L R0, 4 DOU%LHET B THAD
BB, WIHT BKZ T AR—IT 4 KDOKEMEEWKT B XTIV RF— -
RINT 7 TR~ (ddaa) DKFTHEEND. TDI=D, KEEE Y
N7 —21% dda, daa, ddaa ® 3 FEFED XA TDIKZFHHERL TV 5.
JRFTH R4 FaE 3O < EEE (LPMO PT) [1,2] 0, 7R Z&icE
WREIHE HEUHE TN ENEHTE S 2DH T2 T AX—OMEMFHT s  Fig 1 Fusedcube
VX —DFEHIZEL TW5S., B2 2iEEDKT I AR —I1Z28\WT, BRBEIEL 5 H0EIZKEREGIE
e MBEL, RF—07eT7 72 7R —01FOKEEEDRXA TIZHKEFT S [3,4]. T 5ITH
T, BTHER =200 % AT 5 NMEHIKAKS 7 AR =128 WTKERE L TWDE DR KHER
BLTWBKDFDKEREEDZ A FITHHIFS 5 2 L HURE Nz [5]. ARFF%TIE, LPMOPT %
fused cube 7K 12 EMKIZTHEH L, KEHEEG U720 P HOEMBEIH L KEHE LY VT —2 L DM
BE % fihr U 7=

(/i7%] Fused cube 7K 12 BRI, TR TOABERKEMES Y MU —27 2 F R U CHIHME 2 fEEE L
FERRERIN 7> T #hsETE (MP2/aug-cc-pVDZ) TGt b U7z, W& R kX Gaussian 09 % W 7z,
MP2 L ~)LCHEE AL U 7z i 126 U € LPMO PT #8247\, £0FxZ & OEMBENIEZ H
HU7-.




(%55 ] Fused cube D IHAIL 3 KDKFEMEEZH D dda £ U < & daa D K53 FIZHIET 2 5D
M Vs ={1,2,3,4,9,10,11,12} & 4 ROKHZFEE%Z D D ddaa DK FIZRIET 5 R D K
V, =1{5,6,7,8} ic@F 5N 5 (Fig. 1). 51T, fused cube DX V3 D 2 fiDM DA B3, V)
D2 KOMDH Ey_y, V3 D& Vy DREIDIL Ey_y O 3FIHIZABETE S, daa BWKERF—,
dda D’KET 7 TR = inbKEMEE % dlda=daa £RT LT 5L, FAKOEEZHAWT, E3_3
121X dda<daa, daa<daa, dda<=dda, daa<=dda ® 4 TE¥H, FE;_, 21k , ddaa<=dda,
dda=ddaa, daa=ddaa ® 4 FE¥H, E4_4 (2% ddaa<=ddaa O 1 FEHED X1 T DKZFEEDIEKT 5.
Fig. 2 iZ fused cube 7K 12 BAKDKHKfGE U 7z 013 DEMBEIHE £ KERGAHEE R(OH---0) D7
fizZzmd. 3FEOLEHN 270y U, KEHEDXA TTHRFLT VWS, Ez 3 IZHIET
LIKBREGIIKEREGHEMPRDIE N ZAETHMEL, B4 THIRT 2 /KEE G ITKERE G IERE
PRHBEWE ZIAETHAT D, Eyy ITHRINT 2KEREIIKEREEHO AN RS, TR
T20A X0V, LORBES L OKER/ED XA TOENIUKS T, KE/EGHHIEL 25 L
%ﬁ@ﬁblﬁﬁ’ﬁbijﬁ% 505 —BARBEHAPENT NS, KEMEDRA T LITHKT 5
, KEFEEGDRXA TIZL o THADERD, KbV (BABEIHIKE < KEHRGIEREE )
7}<??% \& dda=daa DRA TTH5B. —F, mHBPVKEHEE X daa=ddaa DX A TTH5b. T
Nix, fused cube DHFHD Vy IZHIET B0 1A, KFERF—& UTHEHKFIZHENE (V) OO F~KE
Mad 255G, RUNGHHTROWKREEZIPRT 22 ENRTERVWLDTH S, Ez_3 DHD 4
DR A TOKEEEDRE L, ddas=daa > dda=dda ~ daa<=daa > daadda DFEFRE 7> T
Wb, RIS AARELD cube K 8 BIKIZB TSI NoD XA TDAKFEEDRS DRFBEFALTH
% [5]. &7z, KPEDKERED XA T TEMBGEIHEL KR EIHHITO & D2 D OIFEOIRN I

ZR9 A, , ddaa<=dda, ddaa<=ddaa D XA T TIEZDIRDOFNDADRH 222 2H 5
O hnfizrdD. WO & ddaa<=dda DR A T THEETH 5. RITOFER, ZDOR

BADGIIKERED R F—DFeT7 7 T2 —DFOHMERDOENISELC TSI 2 REL
7=. Fused cube /K 12 BATIX, RKDFOEITMIZEDKDYF L KEEETHI2NTIZIFRESZDT,
ZOMMEMDENIT — IV EBIKFEREE SR Y T =T DEVE KL TWS

0 N 1 N 1 N 1 N 1 N N 1 N 1 N 1 N 1 N N 1 N 1 N 1 N 1
(a) B33 . ) B3y =™ "1 |(© Eis
S 57 - / = " =
S ¢
5 3
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5 -15- ! dda<=dda | '." dda<=ddaa | |+ |
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-20

— T — T — T
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Fig.2 CT term and HB distance for each HB pair correspoding to edge (a) F3_3, (b) E3_4, and (c) F4_4

(2% 3CHk] [1]S. Iwata, T. Nagata, Theor. Chem. Acc., 117, 137 (2007). [2] S. Iwata, J. Chem. Phys.,
135, 094101 (2011). [3] S. Iwata, P. Bandyopadhyay, S. S. Xantheas, J. Phys. Chem. A, 117, 6641
(2013). [4] S. Iwata, Phys. Chem. Chem. Phys., 16, 11310 (2014). [5] S. Iwata, D. Akase, M. Aida, S.
S. Xantheas, Phys. Chem. Chem. Phys., 18, 19746 (2016).
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Theoretical calculations for core excitation and dissociation process of
the valence excited benzoic acid molecules

(Hiroshima University) oHaruka Inui, Atsunari Hiraya, Osamu Takahashi

[ @]

PWERHEE 12 35 1T B N IEFL & Al - VAL O AR FAE RSO N IR BE 2 & O SR OFEM 2 1~ 5
VAT IR R, FRIC RN A S & 72 D RFm Dbk = EENIREE) O OWNERBEN A2 Th 5,
LR L ZEEBEA TV (LLT BzA, BzAMe) 1%, EFHFM O = EIDREN @O CTAER SN S
ZENMBITEY (1], lE FRIIREED B O NG EIS#E Y TH 5, RIFETIE, F1H TR
I & 12 5 R BB RSy Db = B IEREE ) D D PRI I E 12637 - T, NI 2~ kL &)
HBORAEZA T I 7 ZA%FHEIT L > TRDI,

(GRS

BARESCAY S HEICLDE W ER T 57O = BEIE(T) 721 Tl IR AE (So) L bt —
BIERIE(S)ND DN IOV THEFE AT 572, So, S1, T1IRBEDO#ETE Fe ik i21% Gaussian09 7’1
77 K21% H, sy 1-&b MP2/cc-pVTZ LV TR LTz, WRRITGER O 3L — L DR IC
I% Stobe-deMon 177 A[3)%&ff H L7, FIKEAEIE C, 0(5211/411/1)% H(311/1), #HiBhHIIEEA I
C,0(5,2;5,2), H(3,1;3,1), AZH#INLEI%IE Perdew & Wang(PD86). AHBIILEI %L PDI1 &>, fEE 1s
kT DR R A IE(+0.33ev) AT o7z, FEERE LT DNFRWIN AT MUIIH T ABIEIC LD T2 - 2 2
(&> T2, So MBDOERFENFRNE Tix LUMO 75 LUMO+3 £T. S1, T1 2 oW Il E F bt iz &
STIEANAT T2 HOMO 75 LUMO+3 £TEB LR EL CGiHR LIz, 0174 A7 AMD)FHHE Tl
BNFRIEIRBE CORT v )L R VX — ] L TOREEZ L% Newton JEB) AT 20fs TR,
KGR ORRZE (AR,

[FER & &L
5 F D So, T1, S1 D XAS % Fig.1 127k, T, S1 D XAS IZ1% Oc=0) 1s > HAEFEIC LV AT
7= eI — - 5 A HLE (L-SOMO) ~ DB Y So-XAS DO — ' —7 L K= R F—[lDHK) 527 eV 12
BND0, ZOMEITIEFICIH, E—ZEE T &AL T D2, iE FRiEkiED L-SOMO
23 O(c=0) 2p FLIEMHDOEWIEEATEQELE TH D Z LI12LY Oc=0 1s O DEBEBREIZTRE WV E VD
TR ENTER > TS, BB/ NS WRKNL, s 7k #& T L-SOMO 7% Oc=0) 1s Wikl
EIZERT D AIEZEMOEIMI L > TRESHEZ L =D FRY . FAOHLNE & ANVEb o7

15F
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Fig.1. ZRE&f(a) L2 8&Fm:A T () So-, Si-, Ti-XAS, $REHRIE Oc=00& O ©0-cuyDA A bR LF—,



2B HAIE & 72D 2 LTk D, EBRT 527 eV MHEIZHN D B — 7 OB LG (XN AT
HOMO-1 T W N#EBIEIZ L - T L-SOMO & 72572 AFIER VB U BICRET Dl ﬁfé@ét
Owc=0) 1s & OE2 D FES P BRI/ NSV, EBRIUIZ So-XAS 2V Z OFEIKIC S1. Ty DT
RN 55 Z ENEE L, Ll TikiED D D XAS 12T sr 1 & H 1T, SofkfE bx%@%ﬁﬂﬁ»
FIE O 533.3eV {FI1Z Oc=0) 1s>LUMO+2 & Jﬂaﬁénéwyt TIN® D, oi v, FEBRTIEZ D
E— 7 ERHTH5ZLICE 5T T MO ONEME A MR L. So DNZRIUCHEI NS Z L7 T
RN 2 Z L3 FRE L T2 D,
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[1] H. Baba and M. Kitamura, J. Mol. Spectrosc. 41 (1972) 302-309

[2] M. J. Frisch et al., “Gaussian 09, Rev. D.01”, Gaussian Inc., Wallingford CT (2013)

[3] K. Hermann et al., StoBe-deMon version 3.1 (2011)
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Development of ab initio semiclassical MD method
(Graduate School of Science and Technology, Sophia Univ.?, Institute of Physics, National Chiao Tung Univ.2,

Institute of Molecular Science, National Chiao Tung Univ.3, Nakamura Institute of Chemical Dynamics*)
oAyumi Ohta?, Shinkoh Nanbu?, Yoshiaki Teranishi2, Hiroki Nakamura®#

[Introduction] The molecular dynamics (MD) simulation method has been widely employed to treat
large-scale chemical and biological dynamics. On the other hand, it is necessary to take into account
various quantum mechanical effects such as nonadiabatic transition, coherence and quantum mechanical
tunneling. In the present work, we focus on the tunneling effect and develop a new theory to incorporate
this effect into MD method. [1]

[Methods] Two procedures are needed to integrate the tunneling effect, (1) detection of caustics and (2)
determination of tunneling path.

(1) Detection of caustics

We employ the Oloyede-Mil’nikov-Nakamura method [2,3] to detect caustics along classical trajectories.
It should be noted that the quantity Op(t)/dq(t) diverges and its inverse becomes zero at caustics. We

introduce the NxN matrix defined by

o (i,i=1N)
dq, (t)

where p, and g, are momentum and coordinate, respectively. This matrix A(t) is propagated along

A=

classical trajectory. Since |A(tcausﬁc)| = 00 at caustics, when it becomes larger than a certain critical value,

its inverse B(t) is propagated to detect caustic [|B (tcaustic)|=0].

(2) Determination of tunneling path

Once the caustics are detected, the straight line path normal to the caustic hyper-surface is generated and
the tunnel action is computed along the path. If the obtained tunnel probability along the straight path is

smaller than a criterion, the optimal tunnel path is searched variationally and geometrically by using the
straight line as the zero-th order approximation. The coordinates q; are expanded as

Np,
q;(2)=af +Z;C,-nz” ,

where the parameter z = (0,1) is introduced: z = 0« C (caustic), z = zp<+— P, z =1+ Q, where P and Q are

the points on the equi-potential surface. The total tunnel action is minimized by changing the coefficients
C,. and the optimal tunneling path is determined.

n



[Results and Perspectives] The MD simulation for the proton transfer in the collinear O-H-CI system has
been investigated [1]. Fig.1 shows the typical trajectory with tunnel at Etot = 0.0255 a.u.. The tunnel
occurred at the 26-th caustic from the start in this case. After generating the straight line (green line), the
optimal tunneling path (orange line) was determined variationally. The reaction probability was estimated

40 in our semiclassical approach with initial

L JHE L conditions generated using random numbers

15 o ]Fl'nrzt straight subject to the Wigner distribution (Fig.2). The

- ® : Optimal path judgement whether tunneling is carried out or

gmd not was determined by generating random

5 numbers. As shown in Fig.2, our result (red

) dots) agrees well with the quantum result

7 (blue line). The present theoretical approach

_ is applied to multi-dimensional systems. The

E-GM s s : 0 results of applications will be shown at the
r(0-H) (a.u.) poster presentation.

Fig.1 Typical rajectory with tunnel in the collinear
O=H-ClI svstem Finally, we will develop the on-the-fly

023 ab initio version and combine it with the
Zhu-Nakamura  trajectory  surface
hopping (ZN-TSH) method [4,5].

0.15

0.1

Tunneling Probability

0.05 —quantum approach

® our semiclassical approach

0
0.0235 0.024 0.0245 0.025 0.0255

Fig.2 Tunneling probability by our semiclassical (red dots)

and quantum (blue line) approaches

[Reference] [1] H. Nakamura, S. Nanbu, Y. Teranishi, A. Ohta, Phys. Chem. Chem. Phys., 18, 11972
(2016).

[2] P. Oloyede, G.V. Mil’nikov and H. Nakamura, J. Theo. Comp. Chem. 3, 91 (2004).

[3] H. Nakamura and G. Mil’nikov, “Quantum Mechanical Tunneling in Chemical Physics” (CRC
Press, Boca Raton, 2013).

[4] H. Nakamura, “Nonadiabatic Transition: Concepts, Basic Theories, and Applications” 2nd edition
(World Scientific, Singapore, 2012).

[5] Appropriate paper of ZN-TSH application from Nanbu group.
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HELREEMTHLHmE LT, FBYy—r 77— MER TS, Ll
G, BEY—r - T 7RG AR BN L 7oA 3 20,
AR TIE, Y —2 - 77 —RICER L, REBFELZRES R A O EREEY
D I71E % IO THEE SRR DR T 2238 < A BAEFE S O Rl &2 5k 7 D THS 4
D, ML LI FRIT, H#Y—r - 77 —0F L LTRSS BTV S HE) 72
HA% kLK FE TH 5 cyclobutadiene (CBD), cyclooctatetraene (COT), propalene, pentalene,
heptalene 35 2 O nonalene T&H 5.
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Thod. 1->T, H3HEIIEEND primary force constant<‘PO‘ (dzﬁ/sz)o‘T0> =K, &

E(Q)=E,+ <\P0

(D

2

(E,~E)' e

v —2 - 77— I (W, (A Q) ) &I 5 T LA TR, Y- -
T 5 —RAT L DHEERFEOIE FICHE D T XX —E T ORE SEFHF5 - &
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dQ
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D DFESy <‘Pm|d/ dQ|‘PO> I ZFEWTEVRE A 1E FH (non-adiabatic coupling = NAC)DFE/r & L
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[GHE L]

EHFIRBEORMI PG, ZRES B O8RS 55 multi-configuration self-
consistent field (MCSCF)IZ X 0 fiifb L7=. 6-31G(d,p)F&JE % V>, MCSCF #1422
121, —fH(inner set)® valence nH#lEZ T X TE D, EFRER O R F—7
%, ZEESRALEMHEAEREDO—FEThH 5 second-order configuration interaction
(SOChEF L ULl & 2 FRIE BhA (multi-configuration quasi-degenerate perturbation
theory = MCQDPT) % F VN THHEAIL L 7=.

FEWTEFE BRI (NAC)R 4y % BT 9~ 72012, {RAEEHI{E MCSCF (SA-MCSCF)i
ZEAE A o, B TRiBIE, FEIREE & A 2 RS & (7] U SRRt 2 A3 5 Jih
EIREETHD. HEROTDIZ, L0 %< ORERIEZ & D72 SA-MCSCF GHH H17-
7. FERIE, BT OBRIZBNTERRD.

[0 o 22
ARFIETIE, BUFICR LI R R BL AR Th 5. "Bt F 7oLy
TiE, BEY— - 77 —ARITE Z SR WA IO TZDIZERY R

cyclobutadiene cyclooctatetraene

(CBD) (COT) benzene naphthalene
propalene pentalene heptalene nonalene

FEME 7S FEY H 55523, pentalene & heptalene % FRUNT, pIT IHIS LUK, H
VESCHME & e T & DG B A, ARTF1ED pIT 21RO & &Y 7223 28 H 7T §E T
bHbHZ ELERTZ LN TETZ. pentalene & heptalene Tid, FLEIRTE & 5 —phiEd fRHE
DERNVF—ZN/NE L, BENEICES < pIT HAZ @KL 2828 /L &7z,

A%, ZHRRRICEAL, KHGEOARELZFHMEL TW TETHDH. BifE,
COT & propalene (81T 2 IEFHA LIBRICEA L, TOHFHAMEEZFMEL TS, &6
2, azides 33 X O\ nitrilimines (2@ L, #RIEAEE D> S I A G~ D Z TR O R
DIFREZNE D el LA T %

E =GN
1) Beersuker, I. B.  Chem. Rev. 2001, 101, 1067-1114.
2) Toyota, A.; Koseki, S.  J. Phys. Chem., 1996, 100(6), 2100-2106.
3) Koseki, S.; Toyota, A. J. Phys. Chem. A,1997, 101(31), 5712-5718.
4) Toyota, A.; Koseki, S. J. Phys. Chem. A, 1998, 102(33), 6668—6675.
5) Toyota, A.; Muramatsu, T.; Koseki, S.  RSC Advances 2013, 3, 10775-10785.
6) Schmidt, M. W. ef al. (GAMESS). J. Comput. Chem. 1993, 14, 1347-1363.
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Conformational entropy in intramolecular Diels-Alder reactions
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6) Experimental’ 60:40
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Ab initio molecular dynamics simulation of IR spectra of sulfonic acid hydrates in
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A theoretical study on fluctuation of supercritical CO,
by molecular dynamics simulation using effective fragment potential
(Ochanomizu Univ.) ONahoko Kuroki, Hirotoshi Mori
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