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IRF I A7 (TD) Schrodinger 7 FRE0Z OUTEI TH % TDHF/TD Kohn-Sham HFFEFIX, I
MERBRNSEDZLICEY, BFFAT IV AZEBHTLIENTES, LnL,
Runge-Kutta {25 ORE K DO EABAE 43 1212 XL % RT-TDHE/TDDFT 315 Cid, BEE5REE D&
BIZEWaR ME2ETDHZENELS, ZRETHEHADBROLN TV, —FH, BHERS A )
7 AD 578 Cld, Chebyshev 22D 3 HHMH LU DWW TR IR 217 © FELIE RO RIE
[L2]23BAFE &AL, FHR =2 2 R OKRIERHNRIZAKEI LT\ D, # 2 TARIFIETIX, FEH R
JBIEEZSEIC, 3 HEWHERGTRR)EZ BI%E L72[3,4], 3TRR ¥ ClIf IE5% ¥ A f\VW =i
TEMEENT L2 Lick by, FRREAZERT 2 3 HEW LA 5., RMREN
AREIC /2 D, HEAFEWICHE > T, TR F—L L LI AR IND -0, O ZEH#
RKOEH (T T2, B XA+ 7 A%5Eak9 % RI-TDHF/TDDFT #+5 2 3TRR LA A L |
FHEOMRIE B LT,

TD Schrodinger J5 225 O RF K7 FE iR o / ot (1) = AW (1) 125 LT, W(t AL [ I
FEIRTEHE T exp(FIAAL/ 1) 2 W TR S5, Z4UIZ Buler OAR A LB 5 & |

W(t+At) = —2isin(AAt/ 2) W (t) + P (t — At) (1)
BESND, (D)RUERRRES DG T2 3 HEERIC R > T D28, HET ABSERBEK
DOHFIZH D20, FEFEIIRS TlEavn, L0 v 7y 3 HEib X %2155 720, 3TRR 5T
I TE LB 2 N T - D 25 4

~ R .
f(A)=—sin"'(a A+b 2
(A) ApSin (a,A+b,) 2

EEAT D, U IIEHEFOLEBRITHENVEBMEN R TH D, a & bdAr—U » 7HRET
HY, —1<(aA+h) <1 Zfi/l= T L9 IZikD D, =RAF—ORITE FFOBEK T A OEATE
AM=12,.)b, QRELAEOXTERES NG, LHSNI-EET f(A) 1S3 5 RRKE
FERino/ot' )= f(ADE) E2E 2, FBICRERLITY &, v 77 3 H LR

O(t'+At") = —2i(asA+bs)CD(t')+CD(t '— At 3)
NESHN S, 3TRR IETIE, QRZHANTO®R) & D(E'-At) 705 O(E'+AL) ZFHET D, o
F VA IRt i ECORMBRAZTLIRT D, BRI R X— L RFHIZOWT
TNENHERZITH 2 & T, O RLF— LI OFERNPEOND, R OTEEIT

t:iﬂ%h4%: _ af(A) t'+t, 4)

A sin(At' f(A)/h)—b,

EREIND, T Th=0DHAIE, tzast/At'+t, EEEITE S, £2, Y() ORLISL
DEFL(BN ZNEXZERH] o RAET D31, HEFOEBIZ LD ELZ TRV T, Ot
552 ENTES, 3o 3 MW LISV TR 21T 9 RT-TDHF/TDDFT #5
s Lk, BALFEHE Y 7 —Y GAMESS & — R ZHEE LTz,

FEEL =7 a0 7T A& AW TEIEMEEZ 1T - 72, 3TRR JEIZ L 0 FHHE S du 7z REE P RO Y
AT N UIE 4 RO Runge-Kutta {EIC L HFER EFIE—B LTz, £/, 1 A7 v 7" Y720 OF
RREEIKD 4 530 LITHIE S 4L, FHRE A2 RIBIZEE T2 2 LIS LTz,

[1]1S. K. Gray and G. G. Balint-Kurti, J. Chem. Phys. 108, 950 (1998). [2] G. G. Balint-Kurti, Theor. Chem. Acc.
127, 1 (2010). [3] T. Akama, K. Sato, and S. Nanbu, J. Comput. Chem. Jpn. 13, 184 (2014). [4] T. Akama, O.
Kobayashi, and S. Nanbu, J. Chem. Phys. 142, 204104 (2015).
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BB FHEROE# 2 B 7T LIC&o T, EFEREEZRVWHEECRHATESZ
& & R L/KOD’C#EEH:T%[ ]

PR DMz i (floating) & I8 breathmg)’a*:T’ﬁc‘: U7z Gauss M & B & U, FFER
Tl GIETA l: UiEa S }iﬁﬂﬁ*ﬂéﬁ( EHERBIZBE T EFEEORT VY
YIVTRILF —HZHKEE & NETITRLTER[2], & 51T, :@r?'-é
PR % % RER D 79 F- %ﬁ%/i MAGED Z & T, MIKKEDEIRIZ B T
% HEEUR AR Tif‘?\yﬂ(@%ﬁﬁﬂﬁ% EEHRI N3], T2 U, BLERBET IS A
RT Yy IV G a it E T FALTED, EFRXAFTITZAZOVTIX
REEPEDIRETH 5,

AW5E T, e@E“ﬁ BOWTETMETZ ANV — DR ZAAS D, aﬁ%ﬂiﬁ@k@b%
BELTHEVWSTATT % #ﬁﬁ bf:o Z i, Gree BE#E X Equation-of-Motion 7% & %8
LLOF X JFIZHE DN TS, F - propagator m\i@/&ﬁi&%@mm&fﬁ&bé i3, Je—
L MIREE (CS)%&F&‘F% PI)EE‘AKJ:é DN, —~DD5RESETH B[4], L L. SHIETF
fthsh & LT, KIEIZ L U 72 GIRIZ & 5 FHEERHT, UL, R /L\’&ﬁbﬁ‘bf’]‘\T/
Yy LT RIVF—miE KD, K iﬁfbtﬂ\ Schrodlnger ﬁ*zﬁ’&éﬂﬁﬁ’] RN T i
INF—=2RDLLEVWSIEDTH B, Zid, Li2s & FITHY 9 S E R OHE)

PMEZ X F -l D ES & 05 ‘t# %WE’J&%/@H&EDQME#‘Q#UEHb’Cb\ o 2T,
EEMNZ 1TIRICE 721X 2RT DR THO, BHECORZ2 D FHl TS EE 2 RAED, 4
?ﬁﬁﬂ:ﬁlﬁﬁﬁ EIEIX TTVREAEONS, 2O LS RFhHiI N ﬂié’u{ INbDIE, bk
D CS PLELGHIZ & 5, FEIAY LiH IZDW T DRHEFESTH 5, A5 5 D 7 5K (Wave
Packet Valence Bond, WP-VB) i&. £ il 23 % £ W & [H] 5 A 4’!5 ( ulti-Reference
Conﬁguratlon Interaction with Singles and Doubles MR- CISD){£ HiEHRTH D, WP-
VB W, L0 XS AL I N R TH I 5 T, EiE ’Jiﬁfr*%’&’%hz’CL\

%, —o0 [TRED T3 VF—JEFHEL S RVDSH., & Rk CS Pl HiGmIC L 551 H %
FERINZAT 72 20X, ik ansg L5, ) )

fﬁ%{ [A] 55k D F 15 T &k & a8 4 (High-Harmonic Generation) A X2~V D F 5 % il A
TW5,

M

mmz\ — (b) 0.2 [+ . .
LiH:wP-vB  ©2 LiH: MR—CISD ¢°%" —
B:}H B1H —_—
— 3 —_—
= r:z:”"l+ = ¢ b~II
@ - A'E @ g1 M) e A'z
= T = R
o E———— @© \ -+
£ — £ N o
= > Ry
o B ~
@ 0V —— E 0 o S
&0 i
\ | p
—0.1 0.1
1 2 3 4 5 6 1 2 3 4 5 6
Li—H distance (A) Li-H distance (A)

X : LIH QR T V¥ v LT 3ILF — i (a) 1 lifh & %E 7 AGE. (b) 220800 E R BAEH .

[1] KA, A corpuscular picture of electrons in chemical bond, J. Chem. Phys. 144, 124109 (2016). [2] KA,
Electron wave packet modeling of chemical bonding: Floating and breathing minimal packets with perfect-
pairing valence-bond spin coupling, Chem. Phys. Lett. 523, 134 (2012). [3] K. Hyeon-Deuk and KA, Distinct
structural and dynamical difference between supercooled and normal liquids of hydrogen molecules, Phys.
Chem. Chem. Phys. 18, 2314 (2016), and references therein. [4] KA, Initial value represented propagator for
semiquantal squeezed state wave packet, Chem. Phys. Lett. 591, 179 (2014).
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[(##E] 9. BEHEEYEY RV LA F i B R C O EINAY CO BRI 72 Bz ks
T, [KIRTO CO BMLRENEEH I N>oH 5, CO BMLDKSBREL, miRlicBWnTik
O, fiRlfEA . IKIETIX CO BN E B2 b N T\ D, ZhuE, &I Tk CO Bk i X
NAEDKIETITHDITEZ S RN EEZ LN TE Y BEHERIC X > TRIGEFEN K &
SERDZLETBRLTWVDS, LL, EEOMBICITWET LV THLBEWICHEFS L
BBV T AX—RICB O TREEROEVICE H LIZHERIOBRTHIA E R b0,

Z 20, ARWFETIE, EICIKIE - & CO ST To CO B LRIGZ x5 & L CHEERNY
R R T o7, FRIZ, (1) BRI X DEVIZ E ORI BN 0, (2) EEEREIIE O
FOSIBEEDS, (3) RO RIISISRREE D E DIy TRE WD, 7 EE2HITHE LT,

[(BtEFE] &R 7 A% — - ALO; HIKRDFHEET L%
Figure 1 (27”9, Z 2 TlE, AR ZBRGT 27O TEAH
& BESGER A KB U CRRAT U7e, BRI e SRR I 55 <
projector-augmented wave (PAW){EZ A L7z, #EINBERGE
(DFT) DA #4 « 4H Féﬁ?ﬂl%‘éiﬁijﬂi RPBE JLF%%?&%{EH% L K 5 % 5[%;%3 %M i"ggeéu%sfmi, F'{\f']f;u‘;f‘
1X1X1 & L7, &2 TOFHEIT Vienna ab initio simulation

package (VASP) Z ] L 7=, Table 1. Desorption energy of CO and adsorption energy of O, at
high CO coverage metal clusters (all in eV)?
[#REER] Pt Ru, Pd, Ni, Rh3s LT AU Pt Ru Pd NI Rh A

™ w  TEm(CO)(E) 182 191 159 167 195 096
, P — - B
(XL RRT T AL =109 YA T E(Os) (E) 068 -226 —078 -113 112 -0.29

KL CO #BIRERA D O CO MBiffE= Ei+E, 114 -035 081 054 083 0.67
Z\‘ /I/%\»— EdeS(CO) 75_’ %_% L7z (Table 1)0 a) average values for 9 adsorption sites on metal cluster

Eaas(CO)1Z A &1 I 2>\ TR RIFRFE O

75_» r A 7§§\ Au 128V \’Cfﬁ]b Y &5‘ Au T!iﬂﬁ @@E%ﬁ L Reaction at top-part of cluster

RTIKIRT COBBENE Z 5 Z bbb, £io, 0,04
iz\\/l/ﬂ'r\\‘_‘ Eads(o‘o_)@%%ﬁ\ Ru THFZ 0, @&%zﬁﬁiﬁé
NTWDLZ ENRDLND, UL EOREERNL, TCO#E — CO

H}E%ﬁ - 02 @Q%J @i*/VﬂF“—Dﬁft(Table 1, El+ E2) 7&%%_ Reactant » 'Transition state Product
% O WA E TOMBRNFEN L 725 DIE Ru 721 ThH L

% L 752/)75 % Reaction energy : -2.17 eV
: \) i © . .
Vk 1z, 0, ﬁ’qﬁ%ﬁj@*ﬁ %*ﬁ?ﬂt‘g‘ 278 CRUICBWT 0, ﬁ@%ﬁ Reaction at perimeter part of cluster

DIEVEAVFREE 2 TH RS L BRI B W T Th Zn R H Lz
(Figure 2), BEFERO UG R — IHPE(LFEEE D TH A ’
DH DI L TE BITENZ L3005, ‘ ;

N e W
O, fRBEEFE CTHREIC K E <, L7zd > T ALOs AR DZh R Reaction energy : -2.78 eV
CO LR Tix72 < 0, 23BI5-9" HIIRIT IS THRACHE Figure 2. Activation and reaction energies
2725 b0 EfEimTE D, for O, dissociation with Ru;;@a-Al,Os.
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[1] A. Tachibana, J. Math. Chem. 53, 1943 (2015).
[2] A. Tachibana, J. Math. Chem. 54, 661 (2016).

[3] K. Ichikawa, M. Fukuda and A. Tachibana, Int. J. Quant. Chem. 113, 190 (2013); 114,
1567 (2014); in press DOI: 10.1002/qua.25103

[4] QEDynamics, M. Senami, K. Ichikawa and A. Tachibana
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[5] A. Tachibana, Field Energy Density In Chemical Reaction Systems. In Fundamental World
of Quantum Chemistry, A Tribute to the Memory of Per-Olov Léwdin, E. J. Bréindas and
E. S. Kryachko Eds., Kluwer Academic Publishers, Dordrecht (2003), Vol. 11, pp 211-239.

[6] A. Tachibana, Electronic Stress with Spin Vorticity. In Concepts and Methods in Modern
Theoretical Chemistry, S. K. Ghosh and P. K. Chattaraj Eds., CRC Press, Florida (2013),
pp 235-251


nakailab
タイプライタ
1P04


1P0S

QED MEBMEY I alL—2avICB T ABHERED - HICET 2%
offf £, MM FFERY, WIS, SAE Bt
PRUKRE T
ito.keito.68c@st.kyoto-u.ac.jp

QED (Quantum Electrodynamics, f -8R /17) LITEFCHE T & W o ok 1 & 1
DA ZRZRB T 250EFmTH D, BAITZOHEmEHWTES - 5 FRDRF 2 % <
LT EAIB ) ERFHY R 2L —2a VHEOREEIToTWDH[1L2], BDEF#HIC
BWTYHEIWHERRE T2 RE v N TEATHIMRHMETS 2 b b, REEZ » MK E)
BAE AR e L CRIEY v NOMIERES TRAT S, LERn- T, EFGOERFMHI I
— a3 O, TEE BRI S ORI A M A MNENH S (R EO —ooit) . 1#
HA ORI BIZOW IR EDHFE TR - CTE 72720, AENTIREBEE ORI BB 2 1A
L7,

NABAL IO L TEFE - XA FBOEERELEIT), X TFBIE~7 AT =L
ﬁ%ﬁ#%&~myf~yéﬁwﬁﬁﬁﬁéa?4?yﬁ%ﬁ%%@éﬁﬁﬁ%%%ﬂk%%
F ORI F-bn- () % FAINT, (@) = S Sam it ¥na (Ména () 0 L 5 12 RHTE L 7= JE B B %K
Yne () (Dirac-Hartree-Fock 7o) TREEHT 5,

FHEAER 9 % Baw Cl3@ s 05 OB 1 C Fock ZEM MY 2 2 LIXTE RV, £ T,
D T ENTBOWE T EOTHES v MYMZE#T 5,

WENERUT S OAE - & [F CRBIBIE CTRIAT 2, Y2 b—7 4 v I —HRAURAT D
2 & T T ORMRENOORMBRTEANUTOL S 2BLM L,

ith—calt) = Hynlt)epyit)
Hata;,;( ) E\_ warlt)en(t)

= = cHvy = (Un[Hoep(t)|Var)iZ QED NIV b =7 LB T OfFHIEE CTh 5D, LIz > T,
ANV =T BT ORI R DT BI B DR R AL T X 5,

AN =T R TR T () = S (e () g m TS - L s TR B, b
T T D47 51 3558 O R %6 R 5 R Z dEnamo v (8)/dE = O vy (8) + Opamp v () L 215 |
Ot nu () DREHIFERITHER AV CTE ZHOHRRELEH L TRD S Z LB TE D,

Ak, WEREHIIET - BB T - X TOMAEDLEIZONT 1 DTOHFEL, TOEED
MABbEEEZRTNERSR, LML, BoRFHmICBT 2KEHETIIY L%
MZ 572 THHEBEPKEICHEZ S, SRIE, EF 1T LECLZEESY v FTIE
O IVTZER A ZE RN B W T BB D RF s I 2 5 L 7=,

2 Z BN

[1] K. Ichikawa, M. Fukuda and A. Tachibana, Int. J. Quant. Chem. 113, 190 (2013); 114, 1567 (2014);
DOI: 10.1002/qua.25103.

[2] QEDynamics, M. Senami, K. Ichikawa and A. Tachibana
http://www.tachibana.kues.kyoto-u.ac.jp/qed/index.html


nakailab
タイプライタ
1P05


1P06

FINDFREBDRAEVICEAT 2 BFTIEE DERIIMTR
ORFHGE L, BHEA L, WHEIFR L Wkt L ST e
L RCRBET
inada.ken.43r@st.kyoto-u.ac. jp

41X QED(Quantum ElectroDynamics, & 7 15) 2D E € H/ I N AT Y H & %2
FWT, BUNESOYIMREE 21T > TWd 1], BT HFTIEREMTOMMFEZED KD 720,
R eE G 3 kbihd, — T, BORFMIZEDIWTES X N RN 72 Y & & B
DS L, 2L<HUVE LD S BiRiGEE2 Z LN TE 5,

BEDF T2 /7aY—0AIZE D, AV Y ba =2 ZA5FIZEWTHEH - HIE O kA
FIELTWD, FERMRFEBROTEZR 2 EHE - maofeelbic X0, 220 TORHMED A% Fiid
TEHRRDBEFHENRHBETETCR TR TEZR W, BFRRRRIENEH S NS Z L2
%, TD=H, TN ZAND & S R BUNEI OV FEAT 2 17 5 121k, 5O L U 72 R
WAV RAF I ADHGRIBREL 15,

GOBRTHMIZBWVWT, ML VIBIBEN T VWS ETETAL VIR 2] L L > TUROET
Ay OMEE AP ENrN D,

0 2 2
atse(x) = te(x) + Ce(x) (1)

AV VHEBREE 5. ACY MLIBEL, BEOY 1 — X HEEC EMTO & 5 10 ek
ns,

~, h ~ ~ ol N N ~
Se = 51/)T2k1/1, te = —€ijrTe 7y Ge = —0ids (2)

ZIT. S Ax AT VGHTH D, ¢ YV —RET VY LEMEEN, RO XS IZHRX
ns,

T .
b5 = VMY s =ir"v'y* (3)

ZDEIIZEFALY VORMFRIE, AV MV ZEY =R izl TiENns, AV b
WIEERTNFIZBE T 2N L)L O#EHENCHNS V7 IR T 508, Yz —&27)
RN RSIREAR L, BEFAFETEIERTERVETH D, ZTNSXEFEREBIZEVWTE AR
BilEZRL, ZEOKETHITAZ L TETAY VOERIREBII RN S,

V=R Yz —RRT oIy VDAL LTI N, YVz—XKRT Iy )VITATHE
FEEFHEFOBEBELEIZHHTEEZD, Vr—XART Uy VD FREEDORFREICEEL 7/~
MHEZFFD, DTHEAY LA n BIEEENTMEEZ DR OIXY = — &R T V¥ ¥ )Ld n b6z
WM E RS, OFHEAE 7 VBRI 2 R0 5 1Y = — X KT V¥ v OUIEEEME 12
U TRERHELT 5,

XFINDFTEIF U FAY—RLTEADKIE LY 2 — R KT V¥ YV EI oS, £
Yz —ART Ty IV EREHTHED UEIX. TRENFERWEEL 72 0 TR WA IRREZ
Fo7H, B FDF TV T4 —DEWVZEIDETDONA TV T4 —PREBR-TWVWE I EHHERT
5, KMFETIE, BRLFINVFTORLBEGEIZIET2AE Y MV IRV —& ), YV—
RART VX IVIZDWTHHRNS,

S35 3

[1] A. Tachibana, J. Mol. Model. 11, 301 (2005); J. Mol. Struct. (THEOCHEM), 943, 138
(2010).

2] A. Tachibana, J. Math. Chem. 50, 669-688 (2012).
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[#E] < DILEYTHHEOHEUIZHE L VIZHNITRKREXV, LML, ko & bFET
FCIIEA L S TIZIER CEAEH S D, ARBFZE T, 11O B K & W RIK % B
BLENDIEAT 5 2 L 2 BRY & L, IREY O FEFHFME D 4Bl B L BV~ D B 2 Wst L 7=,

[RHE] M OKIZBT 25 B EERZBGHT 2 < K7 722 —2xh L CH#EGH
RAEATolz, T2 T, HBGHRICB W TEE L 2 2 IRBIO 5 EBEICxI L, LD 3@ Y
it Uiz, OB - ElOfENTHY 72 0Bl BEE, @FIFRfERIC L > TR —Y v 7 &
NI EEE v DD 5y ELEIE~D A (simple perturbation theory ; SPT M) @FEfFn - £=— K
Wl 7V TORREOANS> T =% FEICE L BT 52 & TEEN D5
A B%cP(numerical count ; NC), ZHLZN D% Table 1 IZE &5, @DFIETIR, =FR/b
F—YENLOFIFIRENER 70 (5 1 T E ). HAIERFE (5 2 THE T). FFBdA0E— D »
TV THEEIHEET) O3 ICHTTHEL, FEOMBA~OMEZKRT LT,
Table 1. Formula of vibrational energy and partition function used in this work

Method Vibrational energy (E) Partition function (Q;)

1 1

Harmonic > o (vi +—j o

i 2 1_e kgT
1 1 1 1

SPT Zvi v, +— :Z wi+2Xii+_ZXi‘ v, +— M

- i 2) = 2577 2 1_g kT
Anharmonic -

NC }:a%(u,+%j+§§xﬁ[v,+%J +§:§§Xy[u,+%j[g,+%j X

i j<i

[FER - BE] Table 2 ICEMILEL Cy O AR Z/RT, FAFIEEHELICOY T A X —§HE
T, HFREHEENZ L > T Cy D 8 -K-mol* fa kX < 72 57-, SPT TiZ Cy DI RX
< Tgo ey, B DN FFIEE) Tl & W U CTH D720 ORI N TH S, NC
ETHE, B TIEEIERFEZEA L THIRITER L LR o 7203, 7 T A X —TIIIER
. BCE— NI Y 7V T ORI L > TA0 - K molt B TREL o2, Zhb
X0 OIEFFPED SEEE~D IRV IARNEE CTH L Z L. @4 M OIRENE A1E
Azt 55— R 7V T OB L > THBNKELS D Z ENHLMNE o7,

Table 2. Cy of (H,0), calculated at harmonic and anharmonic (SPT and NC) levels / J- K™+ mol™

NC
n Harmonic SPT . - Anharmonic off-diagonal
Harmonic ~ Anharmonic diagonal .
(coupling)
1 25.11 25.14 25.11 25.12 25.12
2 33.35 34.11 33.73 35.57 40.38
3 32.14 33.97 32.23 33.62 43.17
4 32.54 33.95 33.11 35.12 42.16
5 33.80 35.97 33.89 36.23 41.80
6 33.32 34.96 33.68 35.39 39.02

[1] D. G. Truhlar, A. D. Isaacson, J. Chem. Phys., 94, 357 (1991).
[2] T. L. Nguyen, J. R. Barker, J. Phys. Chem., 114, 3718 (2010).
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[F] iT4E, VSCF-Cl IEDFEFFHEEENT I A AV DB TnD, ZOHETIE—RICHYE
JERER AR U CIREIE— K2 0%9 5, LhL, ZHINKRT oy L ERD 172 8Tl
N7 vy VBB OERT— NEOMKENR L, WERIESMITIXREECH D, AT R
% AR R BT 52 FCTE— NEEE2/N& < L, VSCF-Cl #8132 HFiEZ2 R LT,

(5] HAEEIERIE, 3 FIRBIOART > o v VBBV (Qy, .., Q) D~ v BATHIH R AU H5
WORATH D KD RELPEEE L CUERIND,

2 f
ol = 0°V +ZF"’ av
0T\ 00600 T 4 00
B 0

Z 2T, QuiIEEh O HEEERE . fIIREBIOBHRE, TJEIEZ VA My 72V s THDH, K
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LixCes (0<x<1) is a widely used anode material in Li-ion batteries in which Li is intercalated into
graphite during charge and the reverse occurs during discharge. We use VASP to perform ab initio
calculations. Because the conventional DFT calculations fail to describe van der Waals interactions, we
test the reliability of van der Waals correction methods, DFT-D3 method and vdW-DF functional. As a
result, vdwW-optPBE functional which gives the reasonable results especially with respect to the
formation energy of LiCg and LiC2 is used in our calculations.

The formation energies of LixCs defined as

Eform = E(LixCs) — XE(LiCs) - (1-X)E(Cs)
are plotted with respect to x in LixCs (Fig.1.(a)). The structures which lie on a convex line appear as
stable phases during charge and discharge. The average voltage between x; and Xz, where x; and X are
concentrations of Li in stable LixCs, is calculated as

_ E(Lix,Cs) — E(Lix, Cs) — (x2 — x,)E(Li)

X2 —X1
and plotted (Fig.1.(b)).
50 05
(a) ()

10 (0.22)(0.25) (0.50)

30 04 ‘

20 ° S Fmw (m (1
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— 03
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. - E 02} Y
L ™~ o " 3
» e o ©° / = (m 111mv
20 \..\9‘2 ~ ol 212mv
-\./ 5
-30
o 00
00 05 10 0.0 05 10
X in Li,Cg xinLi,Cs

Fig.1. (a) The formation energy Esrm and (b) voltage profile of LixCe.

Na and K-ion batteries have been proposed as alternatives to Li-ion batteries due to the limited
availability of Li resources. Graphite is used as an anode material in K-ion batteries. We perform similar
calculations to LixCs for K«Cs to obtain voltage profile of K-ion batteries.

Although graphite is a standard anode material for Li and K-ion batteries, it cannot be used for
Na-ion batteries as few Na can be intercalated into graphite. To confirm the low capacity of Na-graphite
intercalation compounds (GICs), we calculate the formation energy (Es) of alkali metal-GICs, which
shows a peculiar non-monotonic dependence on alkali metal (Fig.2.(a)). For simpler analysis, we have
shown that a similar trend of Es is observed for diatomic alkali metal fluoride molecules (Fig.2.(b)). The
analogy beatyveen alkali metal-GICs and alkali metal flugeride molecules is discussed.

10

(a) (b)

02 /\ 0.9 -28
Fe=—==4d0

0.0 8 «m 30 [

32 b

o
o

o
w

(3] Jaysued) adey)

o4
w

(2) 43jsues) aBrey)

Er (meV)
Ef (meV)

o
=i
o
i

—o— E:

(=4
@

-34

=4
@

Charge
Transfer

Charge
Transfer

05 -36 - L 03

Li Na K Rb Cs Li Na K Rb Cs
Fig.2. The formation energy Er and charge transfer of (a) alkali metal-graphite intercalation compounds
and (b) alkali metal fluoride molecule.
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ion pair catalyst in Molecular Dynamics Simulation
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"Department of Complex Systems Science, Graduate School of Information
Science, Nagoya University, 2JST-CREST
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Introduction
In any polymerization reaction, ion-pair formation is a crucial step for the activation of catalyst in the
initiation process.t Many experimental investigations have therefore been conducted for characterising
the features of ion pair complexes.? Orientation of counter anion (CA) with respect to catalyst and the
rate and stereo chemical aspects of polymerization reactions are the main characteristic features.
Owing to the wide acceptance of “counter anion effect” on the reactivity and stereo regularity of
polymer, quantum mechanical studies have contributed enormously for explaining the influence of CA
on the stable agostic species as well as the energetics of reaction mechanism. Problems to solved using
theoretical methods, however, still remain, because an ion-pair shows fluxional behavior in position
and orientation of CA relative to the cation and monomer conformation. For instance, an ion pair can
have inner- (1a) or outer-sphere (1b) structures; in 1a, CA occupies the vacant site of the activated
catalyst and in 1b CA resides in the second coordination sphere of the catalyst (Scheme 1).
Experimental evaluation of dissociation energy between monomer inserted catalyst and CA is not
reported until now, because such species is highly unstable to crystallise. Though molecular dynamics
(MD) studies of these points are desired, owing to the lack of the force field parameters MD studies on
the organometallic complexes are

limited. Hence, we set to investigate | 7 __ Eaa T
the fluxional behaviour of CA (CI, | /=2 « 2@ VAT~ A
AI(CHs)s and CHsB(CsFs)s) and its §\ — §,\4\_> § —»\%ﬁ
influence on the structure of
[H2SiCp2ZrMe(C,H4)]* (1c?) using s b Ot g m}iﬁ;:;omti“

MD simulation. la 1b e 1d
Computational method Scheme 1.

The optimizations of structures were
performed by DFT method at MO6 level using Gaussian 09 D software. LANL2DZ basis set was
applied to Zr with f polarization function and for other atoms we used 6-31++G(d,p) basis set. SMD
method was used for describing the solvation effect. Concerned with the MD simulations, the total
energy of the system was calculated as implemented in AMBER12 software. Potential mean forces
(PMFs) were calculated using Weighted Histogram Analysis method (WHAM) in conjunction with
AMBER 12.3* In the final stage, WHAM program was used for finding the free energy.
Results and discussion
We have calculated the free energy profiles for (1) dihedral rotation of ethylene ligand in the presence
of CI', Al(CHzs)4 and CH3B(CsFs)s and for (2) the dissociation of ion-pair using pmf-MD method. The
free energy for (1) in the presence of Al(CHs)4]™ has slightly decreased (3.1 kcal/mol) as compared to
MM rotation (4.3 kcal/mol). A shallow PMF curve minima for (2) are at the Zr-B and Zr-Al distances
of about 6.64 and 6.10 A for CH3B(CsFs)s” and AI(CHs)s, respectively. The free energy profile of
dissociation on ethylene bound catalyst shows that CA is slightly displaced with negligible energy.
Hence it renders a space for the parallel orientation of ethylene to Zr-CHs axis. This tends to be a
reactant species for the ethylene uptake for the polymerisation reaction to proceed.
References:

1. Eisch, J. J.; Caldwell, K. R.; Werner, S.; Krueger, C. Organometallics 1991, 10, 3417.

2. Chen, E.; Marks, T. J. Chem. Rev. 2000, 100, 13911434.
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HBLIZRZEZ L. 78115 (MD) {EICESSKIEE A T I T ADY I 2 b—y 3 Ik
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HL0MZ MPI/OpenMP W FIMKIC K D HEREE AL 21T o 7o, 7 4 v 27 ¥RATHIEH A O MP1/OpenMP
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JLER % MPI A5k, / — RN OALE % OpenMP W 5L 5 FEE A 4T 7=, S HI2, FHAIEH
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# 1. 5] T® MPI/OpenMP /~A 7' U » Rif%] SO-TDDFT 5 0 FHFE R & midfb =R (aF
HE KB e v 2,35 DX1 PBE1PBE/Sapporo2012, 63 i1, 731 J5f-#1H, Jihie — & /L ¥ —fi% 50)

J— ¥ CPU =7 % FHHRH 4] g AR

192 1536 257 192.0
384 3072 175 281.5
768 6144 130 380.0
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[Z7 3CHEK] [1] NTChem2013, http:/labs.aics.riken.jp/nakajimat _top/ntchem_j.html [2] T. Nakajima, M. Katouda, M.
Kamiya, and Y. Nakatsuka, Int. J. Quant. Chem. 115, 3 (2015) [3] T. Kinoshita, J. T. Dy, S. Uchida, T. Kubo, and H. Segawa,
Nature Photonics 7, 535 (2013) [4] Y. Imamura, M. Kamiya, and T. Nakajima, Chem. Phys. Lett. 635, 152—156 (2015).
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(5] ABHEAS B THV DI DR e H A
FTohH D N3 (Fig. 1)i%. MLCT (Metal to Ligand Charge
Transfer) &2 L 0 Al HEREI D2 2h== B <RI L |
BB T2 EAT S, LasL, N3 Tl —HIERE R E
D —HHGHEREE~ DO RM L AN BEIZE Z 5720
HE BRI E D . BESHEIMET T 5,
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EHEERZ W T X U@J%E"]iﬁ@%@%ﬁ:ﬁ Et R AT, BRMIZIZ, N3 & DX1 DR
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12, DX1 OB % Ru 2B Fe lICEHE L - aFE 2 Met LIc(Fig. 3), I' Bl 728 AT 52
& T, BT A B A %%’70)1: JEERTHIENTE, ZOY—7 OHBLX, DX1
BAED AEsT /NS WZ E RN 12X SOl MfE -7 &L Tl TE %, - EB4&ET
b5 Fe x BT REAEETHERAL /i‘”fﬁ%%%%@t 7 ERD THERTE -, LEX D | B
BRIZBWTHLBB O O TENLFZi%ET 5 2 &2k D SOl A B EEHER o il
NAR[RETHDH Z L &R LT,

0.6 0.1

It
o

DX1-Fe-Cl
—— DX1-Fe-Br
— DX1-Fe-I

N3 with ClI ligand
N3 with Br ligand
N3 with | ligand

o o
w iS
-

o
N

Oscillaotr strebgth
Oscillator strength

3 25 Energy/eV 2 15 3 25 Energy/eV 2 15
Fig.2 N3 BRORIRARIML Fig. 3 DX1E!FeB DRI AR

[1] T. Kinoshita, J. Ting Dy, S. Uchida, T. Kubo, and H. Segawa, Nat. Photonics 7 (2013) 535.
[2] Y. Imamura, M. Kamiya, and T. Nakajima, Chem. Phys. Lett. 635 (2015) 152.
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BRI R ) = H Ny EE R RIS EE S <
R FEm AW FEy I alb—2a v
O ', o BT, Vel S ?
VHORBE T, P EOKAERF

kthwan89@iis. u—tokyo. ac. jp

[F] ESP &Effidl/ N R iEZ AW THFEEOEERT 2 v /L (ESP) bR E X < L
THRFEMTHDH, L, PHIDJE 1% vdW EEAMANC & 2 3l A & OB < . 9
EL T AT 4 T ENRWREND D, RESP BEBfr[111%, BUGA Z2 il BRA%E 2 58 L TR0 &
TOBEMEFB LR FEMCTHD, X X7 EOHFMSyTENIFZM)EY 7 by =7 OF
WZiE, 7R B FRET OD RESP Eff & 15/ NT A—FD—D2L LTHWTWS, FHxldH
VRVBEEDLTE DT =T vy faE (ON0) FHREIZEE-S < AR D RESP #E A OB HIZ RS L,
S BITHIEEIREZ IOV 8 LWRFER 2R Lz (2], 2 OJFEF B IR, filF 1 & #RIEH
it (p=1,2)IC K> THRLILD, 22 TlE p = 2056 1% Ridge BAf. p = 1DO5E X Lasso
A & FE5S, Ridge BT I A 28G9 25 Z &N T& . Lasso Efafi% ESP FH-HLIZ R 72 R
FOHRET D LN TE D, £, LHROBS AR ET 2ELAwERET L2 LICE-T
ESP A & FIFRE OREEE T ESP Z B L DD, SRR TEMEGD Z ENTE T2, A5
TlE. AKOEZD RESP E i (L. HZ RESP B & MESY) B8 L OEHH R &/ 2 v 7= MD
VIalb—ya VEMEAEITVD, MO HEICERSS B FEMARE TSI %I 2L —
a VHEVEIZ O WTTREM L7,

[J71k] BRI A > A Y > (PDB ID: 1HLS) 2 L7z, JR 7-#EfflL AMBER ff99SB, ESP
B (w=0), RESP HEfif, L Ridge Eff& Lasso FEM & L7-, Ridge FEM & Lasso
A DAL ESP B & RIFRE D ESP B AZ FFow = 1074,1073, 1022 vz, WIho
RIZOWT S, IR 300K, IABEIE water cap 1 (TIP3P, 12£% 354) ™ T, 400ps [ Dyt
D F—EMLERE, Ins O MD EHREZITo 72, BRSNS T 118537 A — &1
AMBER ff99SB # Fu 7=, #E 7w 75 A3 AMBERLL 2 L 7=,

[#55] Ridge B L O Lasso B & i L72BRIXZEMICMD v 2 = L— a U FITH
Koz xt L, ESP &Efwf & RESP B & WA, BEH30ELEA THRDO Ca &b Rk b
KL OBEN 0. 3RLL Fiz72 v B atE L2 o7, Zhud, » THEIZH D Calix L,

ESP & (-1. 171) & RESP & faf (-0. 868) 23 FEFIZ K& < B &1 (FF99SB 13-0.242) . & R %
VIVIKFEEDMIZHEWBI NN ECTErb EBZBND, — 7, BEH 30 5 H THR Ca @ £F99SB
L HAw = 10721 L7z Ridge &7 (0. 115) 3 L O Lasso & (0) 2 L7=5HA . MD #HHIT%
TENCHERE LT=, Ridge T4 L O Lasso FEffid, HIEE FOEMICK U TR EREEZ D
RN EMND, MDD YR ab— g VIR REREM & LTI TE S, WS DD MDD v
S b—3 g & LT OMO BB S R - B ORE A ST 5,

[1] C. 1. Bayly. et. al., J. Phys. Chem. 97, 10269 (1993)
(2] ©&&M, 9 SR REmS, 4P111
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BEMISTAMRTOUNIVEIZESHFUIal—Yay:
A8V LRAF VRAEOY TR
ORAK 7', # HC’
" BAEKRBEARISUEAIRRHE, ? B KL geRt
g1670603@edu.cc.ocha.ac.jp

BME 27T 7 A FRT UL (BFP2) kL, B HEFEHFEICESH TR SN
AR 1 D—FETd 5, EFP2 ETIEL, RT v ¥ UbT 50 F 2R -EF 1L LT
o vy, SRR & REINEZ AW, T XTOMAEERKS FE, 3, &
W, 458, EBRBEHEAIER) 28 EEMIcEHET 5, L2 ->C, EFP2 A2 WA - &
kY, BB L ABREOBEZ R~ EEm BRIy TFRMEERZEE TS 2 &N
ARECTH D [1], Fex T2 E TIT, EFP2 EN AL O re &4 4 R @ < F A
ER b EREICRRRTELZ EA2RIELTEE (2, 41X, EFP2-MD (X5 A AV EIED
RIS T O BARBIZ DD CTHET 5,

HE X1 oA A ERER [mmim]X (X=CL B, D) Zx%RE LT, LLFD (1),2) &1T-7=,

(1) #ERT YOl HERELL7Z [mmim] (2O e
T, MP2/aug-cc-pVDZ L)L TCEERT ¥ v /L &L L, o /-Cli\ o
T =A v L OMAEERERT A A LT, Nl\l_,_Na/ :
(2) EFP2-MD Gt fERL L7= EFP2 i % A Ch 18 )55t f:K
BRI, SRR L O ST RO M S, A 4 £
VHRNR DT HEAFEIZ DOV TIAA LT, 1 [mmim]X (X=Cl. Br, I)
HREEER 2 (k) 12/ L72 [mmim]” OFE y

RTrvy kv, CH IERWEBRINAL 5

L TWBHOIx L, CY¥-H" &0 IE ? ? \ o
BRSO HIL, y, 2 WA TR S = & A J‘:’L"J B o |
Bnkieotz, ZOFERIE, [mmim]X FIZEBWT, Y @ y 4 >
[mmim]” & X OHAEHOEFICE, BAERD 0130 - 0.160 a.u/A’
22 E#xaT, K2 (F) 12X, EFP2-MD FH&H O

FERS O [mmim]Cl O ESABEEE R LT, 150000

<CEH?..X & 2CYHY. X ZE#T 5L, miE

100,000

OFBHEMEMAT S CU OBEENE -T2, ZHUE, 3 .

BERT VU VORRE ESHET D, Sbig, ﬂMMh Jmmh
CEH? CHEFEHTS CU1F, 90° (IS FE(ET 0 0 w0 0w
52, [mmim]Cl GBS DR BT, “ o “C oaros

n MEFALELTWAEEZLNS, YHIE, X ‘ R

Br,1 IZo0 CORRbADETRET 5. =gl S

SZX# [1] Q.A Smith, M. S. Gordon, L. Slipchenko, J. Phys. Chem. A 2011, 115, 11269., [2]
BoR R, & EE, A VIRET oS FBMEEERORREE - i3, B begEt
B, BhT7 727 A NRT Uy MEORE, BHAREFESEFEMFES 2015, 3PA-153, fRIE,
2015 4= 3 H
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ERNRDEFILEHERITD-HD XML R ¥+—< D&t
O/ TEALS, Bk fhid 23
VIERBZEE, 2JST <2304, 3 K ESICB

k-masato@mail.sci.hokudai.ac.jp

T, SRR E R OZ OETLFEFE T v 7 T L0 Y 7 b U = 73BT &
. ABIE U THEA 1A EDbETHVWLND LK) 1ZoT-, LinL, < D7 v s T A
TIHMBDO AR AP HONTEY , O T v 7T KX DG RO, £
NICE L LT T — A B 2 VB LT 5 7 —2ANF A ETH D, T, SESERhETF
IEFFHE T 0 7T A CTHLNTERE — TN L7200 . B OHE v 7 7 LD/t
HEREZLCD &0 L2 9572912, EXtensible Markup Language (XML)JEAX DT — 4 7 4 —
~ v FOFHAPHET SN TWS[L5], TNETIRESINTWELT =X 74—~ FDAX
—<lE, BICH—OROHERBREEKNT I EE2HNELELOTHD, L, il
JERD LD B OO D RICK LT, BEHEFHROBREEE T 2B 25
A, By Z EERE R T 2T — 2 AR T O =0/ TH D, AWFFETIL, BUE
BREDBEGFDAX —<vE2BZIC L TREEZIT> TWDIERDRDOE HLTFHE DR REZE
FET D728 XML 7 —# ~X— & MCQCResult D AF—=< T OV TEHET 5,

112, XML 7 — & ~_X— & MCQCResult [Zxf9 25 XML A% —~vD—{% /) — RNV U —FK
BlCRLE, BEFOAF—<TlX, RICEENTWDHRT72 EDOFERITV— FOE FIZED
D ENZVD, MCQCResult TITHERE SR DIEH A FFD Component 477 ¥ = 7 MIJKR
T OERERFFT DMEE S Uiz, T 22 TOHEFEIT Components 7 Y= 7 MIXVHK
HINTND, ZHUTEY ., JRTOEMR EMRERZROT— DN T a T 2R T LT
WS DI 2 R BIATH 2 EMNTE D, BETIHEZOT —F _X—2EXEHH Li=fihro—
BB T HTETH D,

MCQCResult

@ ’ Package ‘ ’ TheorylLevel ‘ ’Components‘ ’ Energy ‘ ’ DipoleMoment

’ Component ‘ ’ Component ‘

ComponentID ’ Atom ‘ Atom | ...

’ Coordinate ‘ ’AtomicCharge ‘ ’ AtomicEnergy ‘

Figure 1. Node-tree description of MCQCResult object.

[1] C. Angeli, G.L. Bendazzoli, S. Borini, R. Cimiraglia, A. Emerson, S. Evangelisti, D. Maynau, A.
Monari, E. Rossi, J. Sanchez-Marin, P.G. Szalay, and A. Tajti, Int. J. Quantum Chem. 107, 2082 (2007).
[2] J. Diaz, S. Reyes, C. Mufioz-Caro, and A. Nifio, Lecture Notes in Computer Science 5072, 997
(2008).

[3] F. Gygi, IBM J. Res. Devel. 52, 137 (2008).

[4] A. Walker, https://github.com/andreww/CMLComp.

[5] “FEHEAT, FEESCR, o A ER A R 2005, 2P047, HinT (2005).
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MEEB-ZILT -V LEERZA:
KRDBRRIGICET 2 EFLFHHAR
O ', gk MEoL2, & —mk?, wkk 2hF 2
LYK, AR T
sakata@hoshi.ac.jp

AR O I3 AT, Bl B 2RAE AL BB IR S KSR W C DK FE 3 R BOS IR LT W AR PE 2 7=
T2 L AEHE L7 (Scheme 1) [1], ZDIUGNE, KRLA X/ — b WoTloTa b MREEEH T

WEITT D2 LM E T 5,
cat. = /& _l
\M/S“\R
=

(Scheme 1) (OTf),

Hy (1 atm) _oat 2H+ + 2e

/s
H0, rt Ph/P\%Q

u/
M =Ru, Fe

Fexix, HERRSIIG O ZOKISHKRORISHEBICEAT oMEt2 2705 2 &IT L, Wi
BUE LT = MER AR T an = AL AL EBILAICEN TR AW EE T L
&% (Scheme 2) (2%t L T, IEF-PCM ¥£IZ £ 0 KD E 2L A7z B3LYP L1 D
DFT 7% (LANL2DZ for Ru, 6-31G(d) for other atoms) #3352 72> 7=,

(Scheme 2) 1
0 /S,\ ﬁ
) &L TRk
Hy + 2(H0), + 2 Fe ———— » 2H0, + 2 Ph/P\Q
< < t§

PEARDEALA BN 2 Ru SR T IZKFE D FHREAL LT DH W TH 2 K3 REH L LT 1
Mgl &< 2 ETRISHBMAYT 5, AT % Ru-t FU FERIZ—EFRIES N, HO
T b UG ERNND EBE R DT LT (Scheme 3), SURITKR E ARiEMHACIERE S 22 < D
REICHEITT 22 & hbhrole, ZOLE, “BeRMMHTEFR 2 L —a o
YNTAHET T 2 ERERIC L > T e Bl EhE 2R HIC LT L Z ez RnE LT,

(Scheme 3)

2+ 24 + 24 +
1l

[F*Uj\j +Hy [RUI' ~H+ [RUK —e [Ru\-{ _H* [Ru—l\j

A |

_e_

(2% k]
[1] Yuki, M.; Sakata, K.; Hirao, Y.; Nonoyama,N.; Nakajima, K.; Nishibayashi, Y. J. Am. Chem. Soc.
2015, 137,4173-4182.
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AuREBET/ U5 RF—(Z & B RIGEMER ERFOEBRHALE
ORE 75—, KO Kav. Kb At pEEE &
4 KE T

sawabe@apchem.nagoya-u.ac.jp

(Fiw)] &/ 7 7 AZ—3MRIRICE T D CO BLRINEERH D Z LR XS IMBIL TV D,
ﬁm ZHEF L7z Au SRS STALERIC He & CO & AW I235A . 58 OFRRLEE O filil 2K
BRI D CO BLEUGAETE LV EiEETdh D Z LN YR TR AH SNz, CO &t
mﬁébt%ﬁfjfhiﬁ@ﬁ@%wim%ﬂ%ﬂﬁm%L#§< ML TEY, Z Ok
EENEMEICB S LTV D Z EWNRBRENT-, £ 2T, AL CIZEENEEEDOFDHH
ZHWT, 7/ 77 2AZ—DREEDEV) CO BALRIGDIEMICHEEZ B2 50 E ) )hvEH
RHEZEEFAMET D, ZTORETIE, R FHEEDEND CO WE TR —DH A KSF
PEICHENGH D Z L 2 RET D,
[Et&EE] AWBEREM 2 AW FEEEE O A ¥ o 20 DFT 5512 Quantum Espresso
A/7~V@Pwmf%mwtoﬁ%%ﬁ&%k~y@w/%ﬁ7m%»¥—ﬁ%ﬂ%h3o
Ry. 300Ry & L. Vanderbilt ® 7/ b7 V7 NIRRT Vv VAR Lz, SETHWE
%?wﬁ%®%kﬁm27Aﬁ®?\E%%@%ﬁﬁ%®w%ﬁwﬁ%ﬁf%7A%ﬂéii
SEHBHEMIROBORE S Z 34 AL Lz, 2 VF—FHEOWRO 7oz, B 5 IREE
TV =T 4 T v V4D smearing &\ 2, O & X O smear fE! j(% fEE WD <E 7 7
AL —=DAERENIE L FHETE < 25D T, smear f@l* 0.01eV & L7z,
(BREER) E5 /LD 7 52X —fEEL LT
OB (LLRE Duffiad & 5E90) & BSOS | A
OnfEE LT PDERALE (M1E5H]), :
Icosahedron ## i | fikid o> & - BAM S 5 5 CHl
NN T=DTHD o Tz, FHETH -
Tl b/NI 2T L Aubd [l D ik L i o2
AubS5 HD OntEECTH D, T DOEETAE | M1 COWE L7z Au 7 T 2 # — Dl b,
VIRKER ZFNENS,=0,1,2 & S, =1/2, 3/21C | Au28T > Dn 7 5 A% —0 top view (A) & side
U CREYE L 21T o 7= 55 5 . Aubd(Dr) Tl view(B), Au309 il d On 7 7 A % —(C),
S, =0, Aub5(0n) TIL S, = 1/2 NEEIRAETH 7=, KIZ, CORETRINLEX—DT T AH—
WA REGHEZTARD 72D, D, On fiEE —H 0 FOREL LY TR —%F 5T, CO
SRS Ol LR EE Lz, CO OWEY A NI 1LITRT LK 7 T AX —DTES L
L7z, 728, D& ClIth A X2 RELTH L Aubd HD L & L A RHE 73)5\:@571
HAFEDOTEART 2 0 RO EEE O Au ko 7 A
Z—bEMA Lz, fERAZM 2177, OntEE TS
FIF =DV A REIFEF/ NSO, Du il Tl 54
16176 I L7 & I R&E AL LTz, CO WAERIE
IBTDOIWEYA MRS EZOE FOF T L DOFEAE
BlbERD &, OniEETIZEDY A XTH 0.06ALLTF
DETH -T2, 2FED ., OntEETIL CO B IZRT LT
WEEDNER 727260 WA TRV FX—0NRE YA FORPT
()72 IR T&méhé&*zé CO WA DR . . .
R AREZ(bE DaE A5 &, b4 HD & 78 0.18 100 200 300
A. 282 HCIX 0.05ACdho7, L77-C. Dyl Number of atoms
@(XH&%Iﬁwvﬁ—ﬁﬁtmﬁvrfWﬁWHi\COE&% 2427 5 A% —fECBIT5 CO
BUFD7FAR—EEBNREELTWDEEERD, | ATTNT—OFA XL,

D, (S, = 1/2)

o
)

'
—_

CO Adsorption energy / eV
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EREBERERDFHIESHT VYV ILD DFT SHHE-ZTD 2
O IR =] « B-HFE « G - R - TAR7E
SAiPNITSE

sugisaki@sci.osaka-cu.ac.jp

(F] —FHEU EORE U LHELZFR OO TROEF A U EIE L RO T D FG KT
YYD T v YNV D EFALFERIRE DTG RICAT DIV TV D, FEFEXRTERAY Schrodinger 2
Kb T 2 EENEICE O T ROBEIE L L CBND A EUHLEE((D 7 v V)i
BB RERSCER 280 R CTRICEZETHY ., LiIZLIE Pederson-Khanna (PK)iA,
quasi-restricted orbital (QRO)¥%. coupled-perturbed (CP)i£72 £, DFT (I EES < FHEFENH W
BN TE, A X DFTIRIC K 287272 D 7 VY AHETETH S HREZ JEIC L
7z Pederson—-Khanna /£ (NOB-PK 1£) Z 242 L. %20 O HELER &R EHAIZ- OV T, NOB-PK
ENE S EREOMEMEZHE T2 DO TF L YN Ak 5252 L ARE L TE[L], ARFELIX
Figure 1 | R SEB S BEEAIC DWW T DFT B2 XL 5 D° 7 o VL EE 24TV E TIREED
FENT 21T 5 & & HIZ, NOB-PK LD FHFIEERFEE 1T > 72,

(EHEEH)y TH5E T X B S AT CHlis S 2 AV 7=, D 7 o VLRI,
UBLYP/Sapporo-DZP L ~LC, PK £, QRO 753 L UYNOB-PK £ W TiTo 72,

(#ER & ER] BB AN ESRIZE VW IRESINTZ 1 OFERS/53T A —4 D (D =Dgz—
(Dxx + Dy)/2)iZ—1.81 ecm™' T 5[2], DFT &I X 25T D*°(NOB-PK) = —1.662 cm ',
D*°(PK) =—0.637 cm™', D**(QRO)=-5.061 cm™' & 72V | NOB-PK JEITEREE L < HELT 5
DITHK LT, PKIETIEDIE A 35%F2EE I/ T, QRO MEIL|DIE A 2.8 F5FR L 12 K FAMh
T 5 Z LNy otz 2 ERIICIGE STz Dy, Tl Mn—ClLEE A ICIRIZ AT TH 578,
PK £, NOB-PK V£1% Dy, FHiO M E 2 1E L RBE L7 b DD, QRO {ETIE Dy TH#HAY Mn &
Cu ZAES T E R | EMENC G RIES 23R R E 52 70, ok, —ROBEHIHELE LTH
HA A8 A REHEDY 7 v Y V)i EEIE, DP®=-0207ecm ' THY, DTV
L& IEHTH o7, PK ETO DS/ NGO JRIKNZ DWW T, LB SER S FIC K 5 f#T[3]%
fTo7-L 2 A, NOB-PK £ Tl EHAWE~ORIEIL D 7 v Y MTIZEF G020 O
% U, PKIETIEIE S AEE~ORIEN DI R E R IER B O%H 5% L, 0N D|EE/INGE
MOFR E 72> TWND Z ENGhoTz, 2DFEMRICOVTIIYNHEERT D TETH D,

[MnCuCl(5-Br-sap)>(MeOH)] [Mn4(hmp)GBr2(H20)2]2"
1(S=502) 2(S=9)
Figure 1. FtHE XS &L L2+

[1] A2y « S - fegde - AL - dR)I - A7 56 17 RIEGER L REm ey, 2L-19, (2014).
[2] H. Oshio et al, Chem. Eur. J. 2005, 11, 843-843.
[3] K. Sugisaki et al. Phys. Chem. Chem. Phys. 2014, 16, 9171-9181.
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B RIS L TR C 2 B0 FRRRE RGO 77 I5 Lb D B %
OfE4 B, A H2 Rk fth
| PN S A S N 3

y.sumiya@mail.sci.hokudai.ac.jp

(5] B0 rMBESIE, JAEHR 72 ECEEREEZ R L TCBY, SiGt 2R T 55
ERRD LTS, JREAICIE, ZEOFECEIED DD LB ST 7 7 7 A Vot
L, A PRSI T2 EERZM 2 L TRIRERELND, L LRBL ZOFEI,
FENT ISR 72 2 5 — ADFAET D, Bl 20X, Wik & BV TR DNRIET 5 LB
ISRy ANNREZ DT E X BOFIBREA R B 2 5 F TORMISRIT, il
22 EME L HE X hOBLATH LV, Z ORI stiff [8E & MFFIEN 5,

BT, Fex I BEMET 2 7 7 A VOBREROBRR TN L A — 3= — )L O E
B Rod 2 E EBATIIRERIE 28 UT2[1]. Mafoikid, stiff BIEOMIRIR L 725, AHFZE
TIX, MEEIrsal )=~ R LTz, 618, ST e 7 7 A NV EE8MENT 5 2
Lzl WEXORFMBEAIT) 2 &R KON E NS Z 2R L,

[Hi%] MEROE[ IR, B EEATHIOREKINC & > TEEEPERIE D A — R —F— L DO EE
BaiFETcxs, 7TU Ny hE LT, BUOBRETITERT20850BRERNGOND,
WL, O HEEEQ) D EA T TRIEIND, MHWOTIEL, LATD 3 BEED
MOIRL E70D, 22T, kKITHEEESR, NI EEEEOREEE LT 5,

1. HWEEHITHF CROREREEERZER LB L, ST 2 FRBROKIRIETH S EQ i
WEFIRIET A A U, BT 2 EQK, | [H oD B iE 4 % 5 4T

Ko < Ko +kiikio 1)
o, =]/kaiﬁm )
2. EQiDIRREEIE A, BHET 2 EQKIZHELT 5 2 & TR A FrESR
N, <N, +k_,, 0 N, (3)
3. HEXROMMNPPRTHERINIANE 2 L—ra VEFET S5 L 0 #HEEHE 5
Ko <Ky /(1+0'i kkai) (4)

Z T, MRBEER(DP) TE D RMBEOURISOREERE YL T5H, 20L&, Kk
707 7 A DP A EEN TN T bR FIRIZEH T & 5, DP D&t 2 K ed 5121,
Bt 7 v 7 7 A MHIZE XD IRREDN DP DA D F TRk 2179, 2D L& & DP X2 EQ

DR AESE FE ) BIAHTEHENT-fREEBIREE L 72 5 o
REEEEN D DHIEG CTE ENT-fBEIRE L 72 D A e I

%5EQXKW%%H:K~yaVMbﬁ5i%hk CH,CCH, + H 0.839
& &, DP DAL HITMEERRAE I X ol ST CHs + CH,C 0.055
FHIC[X] 2HNT D TRk b D, ZofEiscog  CHCCH+H 0.023

BESD tmoCORRIE BT 5 = & AR GRAE LTz, o L Cobls 27 T ORI
[#55HR] CHs D+ & CHs I FDOIET 17 7 A V% SC-AFIR IEZ W TR LT, £11C
CsHs 0 F DI LZEREI A 2 L — a2 1.0 25272 L EOEKDIEEE F LT,
ZOFERVBITORER LR E L7 23 E T—H L2 &2l Lz, M HITZE M
DENIER CyHs 53 172 E O stiff BIENERZNC 72 2 7 — A THRRICEHRTE 2 2 L 2 M7 5.
[1] Y. Sumiya, Y. Nagahata, T. Komatsuzaki, T, Taketsugu, S. Maeda, J. Phys. Chem. A, 2015, 119, 11641.
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Cu, Ag, Au EBMMTFREDER 2 & WEHFIEICET HEHMAR
OmA &Y, mhf Fath?, WJF B 6l e
VRUK st - FEMLOTIRERNG, 2y TRF, 'K @ maset v 4 —
takagi@esicb.kyoto-u.ac.jp

[#E] @M OREIRIEIX, 0 FWEFECHBTEM 2 & BBk LTS, L
2L, FEH OB AT D IEAT T IESC R EBEEIC KR & IKTFET 572, kLo £ mEk
RICXTT D — MR B E N 72 STV D EIEEWERO, ABFFE Tl M, Bkl 7&K (M =
Cu, Ag, Au; n = 13, 38)DE /A IOV T DFT 4 AW THENT L, Bk O EmIREDHE —
7R BfR A2 155 & & bIT, o TWRAERE & OBLEZ R LT,

[#+5% J7¥E] DFT(B3LYP): %1% LANL2DZ, SDD, m6-31G, DZP-DKH JLJE % AV, SMASH 3
LW Gaussian09 70 75 A ETCBZ o7,

[FER & BE] I, XD Cuys (sextet state) D EM 5747 & st L7- & Z A, Mulliken & fif 13 55K
BABUKAFIENFETICRE S, B OLIBICARHRRMRY A LNT, —7F ., NBO T T,
WO IR M A AW T B Ik O HICALE T % Cu(core) CAFEM AL, KD
Cu(surface)l L IEE M 2 &> Z & N/R &7z, Hirshfeld fi#EHT TILMORL - 2R — 22 B o0 A
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ECEMEICS B DERD RSN, ZEFEEOMITNG, EFHEEIXTXTO Culif
BAia TR L, 4 50 Cu THENZHEBRTHML TWD, £70, FERT 2 ¥ /L Ol
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T RILFXF— L RE Figure. (A) Geometry, (B) difference in electron density (Ap), (C) electrostatic

D E 43 AT O BJ#E  potential (¢), and (D) LUMO of Cuy;" with J, symmetry.
PEIZ AW T, YA ® Sextet state.
W5,

Table. Charge distribution of the sextet state of Cu;; with I, symmetry by using various analyses and
basis sets on the B3LYP/LANL2DZ-optimized geometry.

ECP all electron
LANL2DZ SDD m6-31G DZP-DKH
Mulliken; q[Cu(core)] -8.93 (-0.50)” +1.86 (-0.57)" -1.13 (-0.55)Y -0.75 (-0.64)Y
q[Cu(surface)]  +0.74 (+0.04)”  -1.56 (+0.05)”  +0.94 (+0.05)”  +0.06 (+0.05)"
NBO; q[Cu(core)] -1.92 -1.96 -2.38 -0.33
q[Cu(surface)] +0.16 +0.16 +0.20 +0.03
Hirshfeld; q[Cu(core)] -0.03 -0.01 -0.02 0.00
q[Cu(surface)] 0.00 0.00 0.00 0.00
AIM; q[Cu(core)] +0.14 +0.22 +0.22 +0.22
q[Cu(surface)] -0.01 -0.02 -0.02 -0.02

a) MBS (Minimum basis set Mulliken population analysis) method was employed.
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At present, most studies of sextuple bond are focused on the diatomic molecules, but the
complex with metal-metal sextuple bond has not been reported yet. In this work, we will
theoretically present a scheme to achieve the transition metal-metal sextuple bond in
dinuclear complexes, where the electron donating and neural tetradentate ligand 1is
employed, like 12-crown-4 ether (refered as O4). In diatomic molecules, the sextuple bond
exists stably in W2 and Moz, but it can not be formed stably in Res2?" and Tc22*. While M2
(M = W, Mo, Re*, Tc*) coordinated with two O ligands forming end-on coordinating
complex 04(M2)Os, the sextuple bond are achieved in W, Mo, and Re complexes with
effective bond order of 5.17, 5.10, and 4.76, respectively. The achievement of sextuple bond is
because (1) tetradentate electron donating ligand coordination will destabilize both (n2+1)s
and nd orbitals to keep the orbital orders relatively unchanged (2) the charge neutrality
could prevent from the strong coordination that will destabilize the (zz+1)s orbital much
more. On the other hand, the charge transfer from ligand metal centers can stabilize the

total system. Actually, all these complexes exhibit large formation energy, indicating the

possibility of synthesis.


https://en.wikipedia.org/wiki/12-crown-4
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IZR T DB S E~ v B T AT TEE IR ET D, BRIy 1R~ 0
Al L CHIT T IR L L CORFRSCHBENZ D 2 2 A MO B E 35,
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i ELENE 2N B CUd e <D IRC _EiZ3Ai LT
RFffFE R L TS #IBRSE b, 71— SV OSHE
B2 Fe DN Ty BLE O FETIS FTRE & 72 B, B
1 7 iy BRHLTE 2 0 70 SO R I i X 65 & fif b MIN1
FBH T LIT LD RO 01T L D ELHESE e
Iz DN HZ D IRC BOFV B Ip K2R 1. RFEOHEAX
iR D Z E B A[RRIZ 72 5,

YHIZATEEZES BRI U CEA L ST AT 7 ZA%BIF LR ERET D,
[(5E k)

1. T. Taketsugu and M. S. Gordon, J. Chem. Phys. 103, 10042 (1995)
2. K. Ohno and S. Maeda, Chem. Phys. Lett. 384, 277 (2004).
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RRES Wz, LUT OIRBE FCaMiid %,
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NI hiEE T A 2 E A HME L, tr= 023 ps,M = B - L AGIERN A B L2\ i (2]
7.5 umICERE Lim, F7-. BB N=1022 m=3 15, 3 THONZREE SV A% AS LichE
BT SV ADEALE TCORFFPREZX 1 IR Lz, K 2I3ERXTH D, BREICHED, 2L
DHED LITEMIN 2 OBREERTE D, MEAY MVEHETLHE (ZZTIIRL TV
W) BIEE B E LR 72 A SV AT L 2RO SV AT RS ELD A b — T AILA b
— 7 AV A RNV REGATWD, o, INLOH YA RNV RIZA =7 AIKA h—7
AT UBBEREITLELEBIC, TNEENRTHERY HBD T, 2V BRI D HIEE
RO T ZFHUNTUVD, [1]T. C. Weinacht et al., J. Phys. Chem. A 103, 10166 (1999) [2]Y. Ohtsuki and K. Nakagami
Phys. Rev. A 77, 033414 (2008)
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EFIRIETOISERS v U 7HESABESE f 1%, BEESH E SIREAE VT OBREE T TO
Boltzmann ik 7 F2 2
o dr dk of of

[af) =(+-Vr+-ijf=+V~VrT—eE'ka
at coll at dt dt at aT h

i, CEERR OB ) AR EE T Fermi-Dirac 4945 fo (Fermi = /L ¥ — &) ITHEH &
T, —USEEI IR R 9 %2 FvW T

f(e)- f,(e) =r(g)v(g)‘;i.(eE+%vrTj
&

ELTEHTE, ZHICESWTAELHEME 2 RITHENRR IND, il X, EFE L
REABLOH TH 5 Seebeck 1251 S 1%

S=E/|V,T|= —(l/eT)KJ g(g)z'(g)evz(5)(df0/dg)dg/j g(8)T(8)V2(8)(df0/d€)d8)—8{|

ELTHR Y U TIRIEEE g(9) #HWTERILIND[L1,2],

F—IRHEAC S REHERRD D 2 6 OFREEZ KD 21218, v U 7 IREEE FE0R Fniky
F[B]DOMIZF ¥ U T HED 2 e vi()Z ARG DMENRH D, —MRANZIEF ¥ U 7 OILHGES)
BRI, BETRXNVF—g, WO D, FHHENEE mZ ATV (g)=2(c—¢,)/Dm" & L
TRV WO D3[L3]. ZDORMES VITHIEMNEEZERLS L IEMEITESVEY, —F, FH—J
FEHIC £ % Kohn-Sham Bl yk(r) & AV T, j & EOF 730 FOF ¢ U 7B pik)%

P, (K) = [W}u (1) <RV, ()dr
EHELDZENTE, T2 ANEE TR LIZEE O &L 7V (1 h) (0g/0K) & FEH T
ELHIGET D[4, ZnED V(D RIED VW HITIGH U7z Seebeck (735D > 2 = L— = Ui
H#T 2 & 3ETRTO F—7 8
RRIZBNT pi(k)0g/0k) 2 AV 5
FIEOGEIT AR TFIELD b/
S7pfERHERGE O (M 1), Z0
ZIXFERTHDITERE L RDHD, 10
IR S % & o TRV R EE i pH C 8l
ZEN.Fx VT HEEL D H#IPHT
Hika PP LEENTZ K ATOx v
U7 EEOTIUCERT 5, 2 DE
IEREFRER DN T A — 212 K 2D %
BV bISONS R TR NI f

o DA~ ) ig. emperature and concentration dependences o
< ERHY7 %m\bijob 52, Q;rzs(g)@ﬁ? Se%beck coeffigients for n-doped Si(001) nanos%eet model of
Bb 0 jj@%z MR °CE§%%‘Z“& 5.36 nm thickness by using 2(& — &)/Dm* [@] and p;(k) [[J]
ST EDURSNT, F v UTHE g estimation of vA(s),

DBLEDOFAMTE HREEKT D,

[1] P. Pichanusakorn and P. Bandaru, Mater. Sci. Eng. R 67, 19 (2010).

[2] M. Lundstrom, Fundamentals of Carrier Transport (Cambridge Univ. Press, Cambridge, 2000).
[3] K. Nakamura, Jpn. J. Appl. Phys., in press.

[4] K. Nakamura, Proc. IEEE Int. Conf. on Innovative Engineering Systems, pp. 76-80 (2012).
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—fHIHr 4 (Singlet fission (SF)) (X1 >O—EIAFIE 723 2 DO = HIAFIE 120 H T 58
CFBREO—2>THY . ZOUMIEFRIL2 SOMEA L ZFHENS R 5 —HERE~DOZ L
VIFRIBRRETH DO CERBEBETH D, INE Y —EERE O RLX—N5R
L7220 Z @A 2 X > TR B SN, Ak Sz Z\EEENE T O FHamH
EWZ o, ., KEGEMOSLEEEF ) EOB R GBI TOIL TV S,
BlTlE, 53 FORJE - FhiEEREE, o TR EAER ., IREMAERS BT 2 Hi - 25
e, ROFENLZIIZ LA AT I 7 AOBMENZEICER L TRBD, Rix EH LWL
nigEbn-ooH 5 Y, SF OfFFEIZ. () BB T 2 EBIIRIED = 3L X —HAE A ISR+ 5
HY - LUV OHFZE, (i) SF iR OB HERICE T 5 A EER IS W COF%E, (i) 1§
EBHAEAZGTME 24 F 7 AOWMED =BT b, Fex XLIETOMSE T,
DIZOWTIEY T VANV RFICHE SO G R A RE L, ZRICESW o0 0 BRT
REIGERR LRI L 2, E5IHRF., (D), GDIZ oW TS — R EIC LW - fifhT 4 1
HTND 3, —J, KEETOME-FEMABEORBRRIIRIE SIS TE 5T, SF %
DXV RREHEH OMED DX N ZEBICED (HEy 0o THEAGRICE
%) WM E2HEET 2 0ERH D, FDO—oL LTANZE IR, MK SF T+ ThH 3y
Ao ERIZONWT, IREHAEAZEE v A —HFREAZHANTHHEY I 2L —
Ta v EFIT L, TR — AT A S & o

SF 474 F 37 A L OBIRIZOV TR 5. Elﬁl

Ry B ARG IC OV T A B R 300 fs T

57p %L b LR, FE(— iR Eg)

CT(EMBENREE), TT (ZHEXIREE) 2 =

Mwik&rh v 7Y 7zl s
(RB3LYP/cc-pVDZ L~L) L, ZHAs kX e

AR LD CBEEETLE LTRE L, ‘
INLORREAGCCIEEMEEREZBE S

L 7z Time-convolutionless & 1~ A % —J; O _4
PR 2 g L7z, TT (2% LT FE X CT 8

/// FE-XZ_
DEFINE—ZBSEEEFAEAN: . I “

500 0 500 1000

E(CT) - E(TT) [meV]

BRI IAKEY I 2L —va v aFETL.

300fs TO TT At =2 L— 3 VOFER %X E(FE) - E(TT) [meV]
1IZRT, FEMIEY HHRET 5, | Aoty CREEFATOITORE 2 L—

3 ORI, AT RIE O,

XAk

1) (a) M. B. Smith, J. Michl, Chem. Rev. 2010, 110, 6891. (b) G. B. Piland et al. J. Phys. Chem. Lett. 2014, 5,
2312.

2) (a) T. Minami, M. Nakano, J. Phys. Chem. Lett. 2012, 3, 145. (b) S. Ito, T. Minami, M. Nakano, J. Phys.
Chem. C 2012, 116, 19729. (c) T. Minami, S. Ito, M. Nakano, J. Phys. Chem. Lett. 2012, 3,2719. (d) T. Minami,
S. Ito, M. Nakano, J. Phys. Chem. Lett. 2013, 4, 2133. (e) S. Ito, M. Nakano, J. Phys. Chem. C 2015, 119, 148.
3) S. Ito, T. Nagami, M. Nakano, J. Phys. Chem. Lett. 2015, 6, 4972.
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RELE LCHII T, S, TIENDTTT S 1 A f |
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CEAT D,

Q) BELIEIOEFO N T AT V%, LLFORIC

- TIT I,

wsr(X — X') = min[1, exp(—Asr)]
Ast= (B —BE+ (B'P'—BP)V —(g'— 9)
{ X={rV;T, P}
X' ={r,V;T", P}
UL BIREET VY TN EREDLRNL, v

Ralb—va UBNRE, KWENZEMET VX LY
F—7FTHIENTEDH(K),

Vialb—rarOReELTIE, TInA RR— M2 vIal—a Dtk
2D 16 FRIEND 22 FRIEEITH YT D55 DT F 7 A
v hESA, FAMEREHETOR Y 7 AT AL, KT
2 L72(X 2),

&ﬁi«7%k®mE*@T BIOIEELR LAV THIFL, 2O Ialb—Tay
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D EDNgoT,
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[1] E. Chatani, M. Kato, T. Kawai, H. Naiki, and Y. Goto, J. Mol. Biol. 352, 941-951 (2005).
[2] F. Meersman, C. M. Dobson, Biochimica et Biophysica Acta, 1764, 452-460 (2006).

[3] Y. Mori and Y. Okamoto, J. Phys. Soc. Jpn. 79, 074003 (2010).

[4] Y. Mori and H. Okumura, J. Phys. Chem. Lett. 4, 2079-2083 (2013).
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PO 2B - T-ES S = L—3 3 i, Kremer-Grest® 7 /L & RN 2 M LT T L
ZHNTUTOILTWD, LinL, ZOFT /LT 3% & Lennard-JonesER 72 1T THERK S 417- Hifil
ETNTHDLD, JBA - D FOREEMHAE L TR {EFRIC L 2EWZ#Em T 22 &
MTERN, ZORDELIHMEFEOBFENEEFTE, 220, Aoy FHOUM LR TE S
IR FE ) F(MD)FHRIZ LV &0 FRED g A 1 = AL Z A 6T 5, Lol
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Vbona (T, 0) = {D - Vangle(e)?rl - exp{—a(r —19) —b(r — rO)Z}] (2)
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5z AL TWD,
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= | ] er | = =
— J 50°
izuu‘ L ‘{ I ] L.‘ﬂ) 200} = 200 ¢
f ‘tﬁ T AN L
8 Tl =] = \ !
o= [ ! f :>“ = _'\‘ L
» !
¥ / \
et L 0¥ . .
s é - "' - é . 4 ] B B L 10 12
r(A) r(A) r (&)

1 FeRrosk. EEA
TAAX - OBEME

Ez 7 EPMA _BEOC-UEFEESICHET B TEFEHEL
HHEAET vy AT T A
FER Viotal = Vbona (T, 0) + Vangle(e) + Viinedral + VL] + Veoul
FLF ¢ Vigtal = Voc(CASPT2/cc-pVTZ, CASPT2/cc-pVDZ)
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O A, FA45 Heil 1, P R
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(5] REMMRITE ENLRIE PR (TDDFT) X, S HOoREREFE L HVWLN D,

TDDFT #HE CTE LN D = R L X — DR 1L, SRR DB I EA S D, YA
FEETIL, PE T CTHRICKEWVWH CHAFEHRZOMIEIZE H L, PthE 125 L 72 1R
MBI DORF 2T C& 7z, LML, BUEMGETE 3 A E COR 25T RICE ST
770

AWFFETIX AW O R 1% G TR A x4 & L CTDDFT I X 2 NhE it/ 217 9 .
HIR 7% B Lo R ORI R T, FAXFRRh R CHZuE 23 HE L, =% L X — B3 28
b3 %, 22 C, MR E 2 ROETEE L, MRFRIROE = R X —~DFE %
LB H5 1T % Hartree-Fock (HF) ZZ#aDIRRkILER & & & ICEERIICIREET 5,

[(HEiRns R 1 E LB RS (DFT) ORT 3L —%, 2 BETLEE S N B T DA
Kohn-Sham B8 O A5 % L CRIBICZ b+ 21, w2, RO)ISRTHET R F—0

ERRIERAF DN E N D,

2
6'25_8‘9 -0 0<f <1 )
of” o
el FE =X — fIXEAR IT5AELZRT, Q) IEPILBE Cld— Mk

D STz, MG EE THHR w_@uﬁﬁ%m (0S) PLBIELINL, SRl 2 =4 & 5 Ik E
DOHIE KT LT HF ORI o ZIRET D,

Ewc =2 EQF + (1—05i)ED':T + EDFT (2)

(£ fiEfaE] OS YLBI%Z VTS 4 JEH, %SHEJWDF% R D N b — R L X — % G
L7cfE R4 Table 112~ AIEBISE L CIEFAXIRRFTIA Tl Sapporo-TZP-2012+diffuse % i
F L. F%FEs#E5 CI1% Sapporo-DKH-TZP-2012+diffuse % A 7=, HH b 2 B 13 8 TR vk
Douglas-Kroll-Hess (IODKH) 7:¥1z Lo TEE L7, o (Z&F 7O 1s $uE st L’C&QE L7
(a1s)o Table 1 XV, T XTOJRF T ays DIEIE 0.8-0.9 & 72> T 5, IR ERFHAE CIEER
TR HIF EPhE = L X — X FEBRE 2 /N LTI 0, RRZESR G AITHIN T DM A3
WENTZ, — . et E T T R TOFEA T 1.0%KRIEDOFAETHE = r VX =055
Too FRIZE 5 RO TIE, TR OFENBEE IR IN IR LR o T,

Table 1. Weights of the HF exchange a5 and core-excitation energies of closed-shell atoms (in eV).
Percentage errors from experimental data are shown in parentheses.

Period  Assignment Non-relativistic JODKH Expt.”
s Excitation energy s Excitation energy

Ca 4 1s — 4p 0.816 4034  (0.00) 0.816 4055 (+0.52) 4034
Zn 4 1s — 4p 0.803 9574 (-1.03) 0.805 9690 (+0.18) 9673
Kr 4 1s — bp 0.818 14107 (-1.58) 0.821 14336 (+0.04) 14330
Sr 5 1s — 5p 0.868 15843 (-1.66) 0.870 16157 (+0.32) 16106
Cd 5 1s — 5p 0.848 25937 (-3.05) 0.877 26795 (+0.25) 26727
Xe 5 1s — 6p 0.881 33269 (-3.85) 0.888 34677 (+0.36) 34551

[1] J. P. Perdew, R. G. Parr, M. Levy, and J. L. Jr. Balduz, Phys. Rev. Lett. 49, 1691 (1982).
[2] W. Yang, Y. Zhang, and P. W. Ayers, Phys. Rev. Lett. 84, 5172 (2000).

[3] Y. Imamura, R. Kobayashi, and H. Nakai, Chem. Phys. Lett. 513, 130 (2011).

[4] M. Barysz and A. J. Sadlej, J. Chem. Phys. 116, 2696 (2002).

[5] J. A. Bearden and A. F. Burr, Rev. Mod. Phys. 39, 125 (1967).
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*Hﬁuﬁﬂﬂqiﬁo)i¥ ‘\-%9< XE)‘hFﬁT%%Fﬁ-#@i@E

Of&EH REK, )11 FIF5, W Kt S B
HKBE L

fukuda.masahiro.57w@st.kyoto-u.ac. jp

—RILLMEDP SO NS NHRT RV F — - HF T T YV IVICHRT YR L T n s 2 MR

% ARERIE. AC VIR 1] K&>TEABNG, HFTRILE— EBRET Y YA
NDE T OLEIREE P, 3BIERREE D, 23 TA<. ACYOREILE3E528,
2, 2, 1 A 2, A A v h oA
_ L ots _ t 5 _ ath
=1+ Jrots,, M= (¢<mD>w+h&>,86_¢22w
ZZT. $i4&ﬁ“¥% 5 LW, A 1EH Y AT, ii4x4®NWUﬁﬂ%$T

@%wiﬁﬁEJﬁpmﬁW%@@ﬁin Ly iR L @ %XBVXT/waﬁQ

A

DTS 78 2 FAVTUTO LS I2RIND,

0 = o (s 1 o 5 b
(%Pe:at(l'[e—i—zrotse):L—&—dl\m',f

N 2, 1z 2, R ihe ~ N
LEEm+kaB,7?”545wW%th+ha

BT A DL ATV IVEE T O RHFA TAIRA Y Y SRR 5, OREFSRO R BN,
A Y MV EEORE =MD,
%32— —eip TR — 9,05, 455E%¢T’Y51/3-

TIT WI—ART UV Y I s BEEXBETLELEXBETOMWRREEDAEIZHET 2WHET

HY, TOHEILY =— RN EIFENDBFNEONA LY L7 OB HERTIRE LR

B0 BT DRFTNAR NV EETH D,

ZM%HJTi 31RO G E TIREE 2 FWC ERITR U 2 MG o & i ic DO < A
B B R & L (2. TONFIHIGIC OV THAT S, £ ATHEI LD

AT ED AN S, BT R F—IZiXF e A R R 5 2 xS Eei 20 BAE - A R

BT U TIRBR VA 525 2 L 2 5RT [3).

&3

[1] A. Tachibana, J. Math. Chem. 50, 669 (2012); Electronic Stress with Spin Vorticity. In
Concepts and Methods in Modern Theoretical Chemistry, S. K. Ghosh and P. K. Chattaraj
Eds., CRC Press, Florida (2013), pp. 235-251; J. Comput. Chem. Jpn. 13, 18 (2014);
Indian J. Chem. A, 53, 1031 (2014).

[2] QEDynamics, M. Senami, K. Ichikawa, A. Tachibana
http://www.tachibana.kues.kyoto-u.ac.jp/qed /index.html

[3] M. Fukuda, K. Soga, M. Senami, and A. Tachibana, Int. J. Quant. Chem., published
online. [ DOI: 10.1002/qua.25102 ] (2016).
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OCS, CO, CS; Z—fif5 4 A > DfE# IR T 5 —E
O ik -2
VI R SRR, 2 Ju REEFeEE T

furuya@artsci.kyushu-u.ac.jp

OCS* DFFHETIX OS* M ERHE T, COZ DB TIX O D3R L7\ T & 23 BRI 1
ENTWD, —HTHELEX, b i1 4 OREE IREEICEI L T GRRM 1% 2 &2
T SOGHEE D RHRTR 21TV, C RS RIICALE - 5 e 2 B H L C 0S™=° O 23 E K
THRIGEENIFET D 2R Lz, 512, ZOMGEBIZIR > TRIGHEDL 9 & L
TH, AMRIRETIXPES B & F L9 BITHRAEINTITR R B ~FIEA R THEITLTLE
)L EMOFERITTHE Lz, 4Bl EEE FIRREIZ OV TO L 0RO @GR 2
L7zt &bz, BE ROV T LN EZED TWD O THRET 5,

FT. PHEE(EQ)REBMIE(TS) M FHA FIECEIER BT & D X 5 ITkfF T 5 & ik
+%7-%. UB3LYP/6-31+G(d), UB3LYP/6-311+G(3df), UMP2/6-31+G(d), UMP2/6-311+G(3df)
% L ~UL T GRRM #tHHEZ1T o 72, 95 &, OCS* Tlx UMP2/6-311+G(3df) L~ /L DA D S
JRA- S SRCALE T D REMED LM Sz, Tz, SEORETHE LN EQ X TS 4]
HifE & L C UCCSD/aug-cc-pVTZ IZ L A LEH R 21T o 72, Z ORGSR, SR 23k
(LB 5 2 EREE T R 7289, UB3LYP/6-31+G(d) L~ /L4 TR H 7= EQ = TS (X
L7-#EE D Bl T& 72, CSAIT DWW T E UMP2 L~ TOFHBE D I S JF -8 s |7
T HREMEN RLH Sz,

COMZ BT 2 I 2 e DR Tl 6

@ 92

UBBLYP L1 Gl Do fifi 4, UMP2 L : [N e e i

NLTHE Con WS G2 72, BRI o [ A

Dan HE TH D Z L BMOATEY, o | [e 2 AN

UCCSD/aug-cc-pVTZ 2 & D fci it 2o lfoa oneeol TRl

BT Dan i E 52 72, A Loy
VLEOREREZHEE X EQRTSIZOWVWT  F [ ool | o]

I UCCSD/aug-cc-pVTZ L~ L CHE i [ oceas “ |

fexftv, BonriEzrcic |

UCCSD(T)/aug-cc-pVTZ L~ Tz R /L ¥ I coxEy oS @

—HE AT TR AR L, & S sie 9 ot

7=, PES OFZIK=° ab initio MD FHHIZDW ; NN S

Tl UBBLYP/6-31+G(d) L~ /LT & E LR T OCST (R PES DR

\z &i1§*ﬁf xhHeE *U[ifﬁ' L/7LCO Energy (eV)

3.080

OCS*IZ oW THE LN R A ITRT,

1 XY, EQO 25 TS1, EQL, TS4 A%
LT OS*Z AT DR FIET H Z &M
b, L., K212 3 PES 7> 5 HEH
o koo, AIROIEETIZ EQO 75
TS1 ~[A] 7 D #REE D& H TG TS0 F5 6]
ICHEITLTLE D728 OSAERRICITE S 722
WEEZ LD,

1. T. Masuoka, J. Chem. Phys., 98 (1993) 6989; A. E.
Slattery et al., J. Chem. Phys. 122 (2005) 084317.

2.S. Maeda et al., -
http://grrm.chem.tohoku.ac.jp/GRRM/ and EQO

references therein. 2. C-S [E1iARES EQO—TS1 1o IRC il 35 PES

2772

2464

2.156

1848

1540

1.232

0.9240

06160

0.3080

0.000
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SFETO R OBEBRIGICEFEIERRTUOOYILELUVEFFATIVR
O #K, JH A%, KB ot
AR KBEH IR

yuta59@stu.kanazawa-u.ac.jp

[Fig)l LFEOEZ BB IR0 H 2%, — 72 HiEE LCHRT vy )V ETORE K
HEREDBETXA T IV AL DN EITOLERNSH D, WiEKRT v v VidE L FE
FICIVEERDDLZENTE D0, BFFAAT I AHEEZTHIBRICES AN,
—J7, WiEGR L IIBNSEEGR TILZERIGE RV D) Z L L ARECTH D, BEVET v v ¥ L
BAEEHEND —BNICIRETHZ N TERVDR, bOHRNTITEIERT v Vints
S, nHICBT LB LZ R EOBERNRSIELND. £, B EHEE
AT OBRIT, MRIFCR & AERGRICH Y T DI BRI & Wi IC RO A Z LN TE, BEHRFHE X
Nz b Z EHRIETHY, AR TR~EHEAFETHS. £ TRIFETIE, H
N U BENROSIZH T 2 BER T VL v VOMER ATV, G ONIBERT v v E VT
BYIAAT IV AFELXBEL, 70 b BEIRIGOT 21T 2 L2 AL 5.

[BHE - #35] Vo FoBEIRE LTT U E=T EARERY B, AEESH Lo 2 N
BNk 28T oy VEFHR Lz BEGR & L THARGR & ARGRICHET D 2 JREED VB
BB AIE LT, 2O, AT 2y MTHIORMG 5 % Morse 87 > 3 VL et £
ERIZIZHEXLZHNL Z & THERT o v VOMERR AT o T2, HBEHETD/NT A —F |3,
BT LFEEIC LV EONEWEART oY VEBFBT S L) ICRiE(b L., £, %R
X1 & RGBT B I BN RL 2 Morse AR T > v L DEAREE L, & 2SR
B A R &, Fourier #1925 Z LI X W BEUTHIZRDT=. 612, BEUTHING REED -
7= BOSEELE i 2 L F X E HWT, 7'a N BB EER K 2Rz,

hZ e—so/kBT [ E )
kD)= ) g T o fo exp (=7 Sy @)

[RER - 8] Figlic7vE=7Mo7 e BBk
TDHHBART v VB LNTZWEAER T v L &,

200

DFT R L 0 G DN IWTEAR T o v VORERERT. 29| % o S
Fig.d &V ABFEIC L VG ONZBERRT v, B 2, % ¢
TALFFHAN S —BOICHOREWBRT v vy L2l F | S &
CHRLTWAZERbMS. 72, Tablel ICET# 1)

I AFRICIV B ONILEEERORMRERT. Fbh e eI e —

7o R B34 reference S IFIE KT DEE 72~ 72, . X(4) o
AP TIT - 12 Fourier ZHOEHIZ 30 MBI TH Y, T, o bt

RER 76 Z & 12 Fourier #2355 72 Split-operator {42kt potentials and from DFT.

SKIERFHE D X N ORIREFTH 2 LN T _

X7 F7- BRI S LT Morse 7 Table 1: Rate_constant k (/s) obtained from

7 ORI 5 = T, if -Quentum dynamics at 298K, —

FABIBIE A DHAIRD S 2 EARTE, I cion 126 % 101 5 56 % 1013

[FIFE I K DBORDAAER E OBERIZE  Reference  2.27 x 10111 3.0 — 6.0 x 10130

BT OLESLL, HAa RIS LT« SEgikesian L v s, ~ SCkfE[2] & v &,

EICER XA T I AFHEEZITO 2N

TEDHZENFEFES NI,

[1] Y.-T. Chang and W. H. Miller J. Phys. Chem., 94, 5884-5888, (1990). [2] R. Vuilleumier and D. Borgis, J. Mol.

Struct., 552, 117-136, (2000).
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OfFF EA ', fih %t 2
"5UK ESICB, °*mKtEHt
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[FFig] &R/ kA REER LIy - 5E L2 EE B A O BRI ZE CIX. A
BEREEERALIEATZ 72T, HDEWVIIINLRD Y T AZ—FT ANRHWLNTE T,
AT TETNVIEBEOEIREHELRRECTCHY, 7 7 AX—FT )V CTITERRNLH)Y
H LSBT O L BRSNS D ORE K BRI T 2 58 A2 B
DIAENTWNRWRE Fx2IZMERH D, KR TIE, AT TETNMICK RO TFHER
TUUXNE T TAA =TT VIEHSED THOIAL Y T A X —F5 /L (embedded cluster
model) | DB Zi 472, Rhy, & AIPO, & DA AEER A AT TET N, 7 T AKX —FT )b, H
WA T AL —FT )L & T L, §ESEONREZMRF LTz,

[£EF V& FEE] RW/AIPO, DA T TET/VTMEDOHZE THELZLOEHWE, 75

AL —FF )UIE Rh/5(AIPO,) & AT 7ET/LOREENLEID H L, Al &S L TW5 PO i
IZH C. PO, EHEAT 2 ALTHIE OH CRERSHT-, AT T EF/VOJE T B B 2 Bl
LCHESZRBL, BN CTEEMEEE T 72X —%E0 FA, = FEMRLIEM
VAT, HERIZIL, AT 7ET /N TRDIZ Bader Bt a AWz, FHEICIT VASP &
gaussian09 Zffi i L 72,

[HRLEL] —hEToFxr DD S Rh/AIPO, TiE, Rh WAE 12 5 FEEEZLLIC
X0 BARIE A HUE N F i 3 BN AL IZRTEL L, R 3L ¥ —#EM MK T LC, Rhy
HRE~DEMBEHEAFENCRELESELTWAZERHALNIENTNS |, 75 2% —
BTN EMANCERE L ERR (BN 722 —FF 1) BED, AT TEHELFRED
L~UL T, Rp-FHBMHAEEHZ ALY -2 LT ZARTTET NV EIRIER UfE & 72
D (F1), FEMAAEERZERY Z20IE7 7 A2 —FF LNERBR LV TRIHAARETSH D
ZEHEIRLTWD, FIT, NEMCHEMAIEHZEEB LI-MOIARY TAX—FET )V
BMatLiz, 77 AX—F5 /LD HOMO, LUMO =% /V¥—, K1+ XLHric, BETS
REMEZ EONIA BAD IR EIKFT S, K1 OREREH 100 571X 500 & FREEEE 72
Wy DR EMEEE L2 Sk LTV 2, HOMO, LUMO = R /LF—DZ LTk & <
FEHBEOFEMAFEROBEEMEEZ R L TW5D, FRIZ HOMO 1%, SAEMZZE LRWVEF 07
TAL—FT)NTIET T AZ—RKEEOFEIRICHEEL TWDER, DALY FAX—FT LT
/X Rhy, EFHEAEH T2 PO EICTHEEL, AT TETATEHONMBIZIELS b, LML,
Rhy-F A AAEH =R VX —X, R VIR T LI, mEMEE 100 FTERREIZHES LT
HBATTETNAORELIT—H LW, BT, FES 2R RIN R TWH
RN, A%, BELGERETAZIEICIVEOIALY T AL —F s

FPERIED L SN D, N I
%= 1: Rhae-AIPO4FHE/E =RV ¥ —; (@) AT TETIL, E o
(b) EHIH 7 F AL —FF ), () 7 FAX—FF /L, (d) N .
iEy)ié;}\ 7 ? X & \—:E?\/l/ (lﬁ%ﬁ < 500 A) 798400 210000 411600 680400 1016400
(eV) a b c d Number of point charges

1:HOMO, LUMO
TRV — D LB AR AT
M. Matsui, M. Machida, and S. Sakaki, J. Phys. Chem. C, 2015, 119, 19752-19762.

Eint 5.36 5.11 5.39 6.53
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BEAFVRIZB T AESCEEDZEM A EIFEHT
TU Kai-min ', F& B4, OfRMK fh=g 2
"HUK ESICB, 2BRKEERE TAL T4

nobuyuki@cheng.es.osaka-u.ac.jp

ERICETHEMEDOL 1T, PEBESRFICH S, 16k, PEREESMCoOEEEOR
WRIZIX, dimer, trimer ... DAEREBSCE LR Z T A —X LT D FEPHOONTE -,
ARG OBERE L AT 2 N TE D, 2 LT, EFE0S1E1 /1% (MD)
Vlalb—TalrOREIZLY, PEBESRFOERRE. 1HONEE ) ITWMOEO 2 n
AREIC e > TV D, AFREO X, FEREDOA A Ra2x5 L L, A1 A2/ REDX
AF I 7 ANE#RE, ERTHIE SN D EKREEICA L7 T A CTHAT I 5 Pl 74 %
T D5 THD, PHEETCEBEIIRDIA AL U SEOZEMIEREZ ., Wk fao —EHR
T& % Green-Kubo I FLAGATe 22 [l 438 FR A2 Hr 72 12BA%E L. {ziE £ @ Nernst-Einstein 207>
LOTNEATUHRFATFTI T AOEFRER NI T 8 mEERL LT,

Green-Kubo 2SN T, BAUREE o ROIZERL LT (B EIEA),

22 Z,Z ®
o=30, %ﬁ%=%} a,=§§%I§”+§-%jfiquhgu(Q£dmgwnq
o X IZERB DA F L FEDREE~DHRE, 21X IFZBBOA A L FEOEBER, p X IZBHDA A
Mo (B0 #E, DO IEHOA A HOPHIRE, guMIXIFH & LEHDOA A O
ORIFABIRIR (BEARIR) . 2 LT, Puenid, BEZl 0 TOA A ML &
NI ITFEBE LFEROAF OB OMEEFRBBEKR TH 5,2 DDA A 3 Ui & (ZES) 3
HEx D>, WEEICEHTLEE P<0 LD,

FRIIEETH D, 2 DHORXTEHENFEAGEL 2> TWD, 3 DHOXOANE | H
% Nernst-Einstein Il TH Y . F 2 HIZA Ao D2 KEROEF L 23, 852 HIT, FWRHHo
A F U RFMMBEVE WD S D F T Ostwald fEIZIFET D, DF V. Ostwald DA RF D jgik
BIYERIZ e > Tnd, 3 DEOROFE 2 I, ZEMBESOETESNTWDIN, Z O/
., 5y NATHHEADUWNICHIBR L, BEOEDO A KFEEEZ R 2L T A F 00 2 (KiE
BN EXBEEI L 52 5 EMHEHERET SN TE D,

FOHEFITIHK ST, 1 m NaCl KIEHK & [Cymin][TFSA] (1-n-butyl-3-methylimidazolium
bis(trifluoromethylsulfonyl)amide)f A L EIKZ Tk > 72, FTRIZEKISEE DO~ A 7 HhE
KAFEZ RS, 1 m NaCl KSR AR DG E | AREE~DO LM O % 513, BfEA 4 %o
1 EAREICREL TS, H e A 4 a0 42 IO/ TH D, i
% LC, [Cymin][TFSA] CIIAR MO T 5N EEMICKA TS, ZORREN, £ 4K
KD charge ordering fi& 25 Z & &2 W LTc, [RFfEA A 2%t & B A 4 o kb OB 5340 B
BUIKAA T om A — X —F THET TR L, 20N TRICA SN nm 4 — % —DRE)
KM EINDZ LALLM LT,

8,(3) ' '_ Na+'~ 0-7'(b) ' ' ' ] (a) 1 m NaCl

' KR BEW
(b) [C4min][TFSA]
A A AR RIS
BT OEXRIEE
BE of(A) D A v b
A7 FREEAIS RS
D AT

or(A) (Sm™1h

A(A) A(A)
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[Introduction] 731 @ B C4EA I3RS 153 H AW 72 o T & I 4E ST D BRI EE ©
HY, EER -DERIBNCTEETHD. WD T O FRIMEE SOV SRR B AE T
AN, ROCEEME LG 270 D, T, &FR-EAL RO E CLESK
DR FE RN EBRANH NS TWA[L]. LavL, EBRTIZS SRR T REO L&
ZEINT D720, 570 B ESD Z 3LV, £ 2T, AW CIRAeRE-BUL ORI
B2 HCEESKINEHENOBEYNFER T H72ODET AANIN =T U EEAL, Hin
7 7 a—F3 5,

[Model Hamiltonian] B CLAEAIZH WV B2 P e Bl fr - L 1L, X 1ICRT X 9 I k%0
IZ2ODFAL X, Y \ZHEITE5. X 13&8RE M EDORIGENL, Y IX X ZZE/RIICHERT 5
AL THDH. AT, X &Y OROEFHLT 7 73N TH D EIRE LTZET IV

NIV =Ty Hyg 28T 5.
H H . +H,. +H

tot — ME* M — M _Y + a_iMa*—X + HLfL
FiODOHE X, I EEA A4 M OIETHD. & IH
X M* L X OMAEERTHY, HEHE, ENBEIH, 23
KAEETET MET 5 [2]. HF=HB L OENEIL M* - Y
MOFEH, Y OFEICLD M- X OFHEEHOLERTH
5. FHHEOEN R OMEERL KO +NHEEERIC
%, mHNY GAFF ZHW 5.
L@ 7L Mebe DB CERIZT 7 —F9 5.

6[M x4]2+ +8[L]—)[M6L8]12+ +24[x] 1. ZEBRZAO = JERMIF L
LB M IZPd THY, X I L ITK1 o =FEiir-<Thsbs H
DINT A—H & H, MXy DEALFHEEZHHRT L X o CkE L.
[Results] FAR) 72 ir A HA SR D SO, BIlEIK, BRIREDO R VX —Tn 7 7 4 L%
K 212”9, MXs & X OIS (A= X) ICELT, EFVEELFFEOBREZ R L TW
5. BELFEHEICBWT, #ERE « =RV FX—FHE 1L MO6/LANL2DZ TiT->TW5. X
IS S DA T RV X — T 5 &

ver_y PRCIBIZ 45

ERRIED = K F—13, 02 kealimol o fﬁ*ﬁ;
ETHY, WMEO—HIBRHTH 5. S . —_— :2;
EL,MXs & L OKIE (A=L) OFT  Mx=+ 1A & ?:f)%{ti-m .58
LWVEHFHOMHREBLH 2R LTV, L 1o ¥ .
EHIEE R=H L7z (K1) . #iBRAR S
FOEBIRRE D KISW D> b DR = R L )
X—fElL, A= X OHAHLERT 15 | i e
kcal/mol FEEZE L 7g -7, o217 N
[References] [1] Y. Tsujimoto, T. Kojima, —

and S. Hiraoka, Chem. Sci. 5, 4167, (2014). [2] o . )
S. luchi, J. Chem. Phys, 136, 064519, (2012). 2. BT ARG D =L F —
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Organic carbonates, such as propylene carbonajeafiRiCdimethyl carbonate (DMC), are widely
employed as electrolytes in modern lithium ion é@ds. The performance of the solvents is largely
related to the interface to the electrodes. Howatés generally a challenging task to investigtie
details of solvation structure at electrode-eldgteointerfaces.

Sum frequency generation (SFG) spectroscopy has kBbBewn to be a powerful tool to
investigate various interface structures. It alsovjled unique opportunities to understand the
electrode-electrolyte interface structure in a roolar level. Recently, several experimental SFG
studies of electrode/electrolyte interfaces havenbeported:? However, it is well known that the
observed SFG spectra are often not amenable tdivetunterpretation, and reliable theoretical
support is strongly desirable to fully extract migcopic information from the SFG spectra.

In this work, we investigate the vapor-liquidérface structure of PC and DMC using both MD
simulation and SFG spectroscdpywWe proposed a non-empirical flexible and polardieanodel for
organic carbonates. Flexible model is describednatural internal coordinates, while polarizable
model is described by the charge response kerrieK)Gheory. CRK calculation has already been
implemented into the Gaussian09 program by us, lwlicreadily applied to various systems. The
calculated SFG spectra of PC and DMC show goodeaggat with experimental data (Figure 1). The
detailed analysis of Im[2)] suggests that both PC and DMC show bipolakpeaC=0 stretching
region. However, the sign of bipolar peak is optgogihich is attributed to the different interfaegér
structure of PC and DMC (Figure 2). This work pd®s detailed understanding of the SFG spectra
and interface structure of organic carbonatesnmbecular level and will guide to the future work o
solid-liquid interfaces in battery systems.

This work was supported by ESICB project by MEXapan.
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Figure 1. The calculated and experimental Figure 2. The opposite behavior of bipolar peak
SFG intensity of PC and DMC interface. of Im[x*?] between PC and DMC interface and
the corresponding interface structure
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[Fig] B FEAERORERMEZRZT D012, D+ 1HEMMEEEZHNCT o7
OFERIZIER L, BT QMFHEIC X 0 BEEO BT v T TS 5 HiEN
Muller 51Xk > TRESNZM L LR, MM EIZS D0 %2 @ MEfEME C R D
HZENTERNWED, FEMERDT YT AOEEEI D TR 720, $hRMIcTx
LE— EOBRHERTER. 22T, SEENEIICET 2 &N TE D EME T T
SRR TR T > U v VB EBITE L, 7 T A X — OIS ERICHEIE L.

[ FiE] IGBKEZ WD Z & TRF EOBERT v v VOBLE L BHOELEN S ST
DFEN L T OFENET-T— AL FERIBRALTET 2 LN TE 5.

atoms /9 Q. atoms a‘ug (1)
A =Z (—)Av , Ar=z Z — | AE}
Ca b vy b Ha b SEX,V,Z BES b

T 2T, 0Qq/0vy, OuL/OESIGENETH Y, AQq L AULIZENZEIUR T-aD ik L B & ik M
MFE—AL NERL, Av, LAESIZENENRFDOFHERT vy LV EEROBEER
LTWa. F£72, rsiIxy,zlnzRLTEY, HBoIDHAQ, L AuLEHVD Z & Thfr—mx
NX—EGHENTED. —J, Ko TOnBERT v X VEEIZEHIT 2 EEMAIEH=
FILF— L van der Waals Al E/EH = % V¥ —1%, T EIKRDOE DEAIZ W T &38RI
Lo TRESINTCoXNF—REERNZ LI VRO N DA =2V X =Dy 2 HET 5
EOWCWRE L. 2L, BRI FOEMIIA HOH O 2 Z55# FIZE X, vander Waals TH &
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(K6 R] Ko+ ZEIKDOHFRIMEAEAEHN =3/ ¥ —E
IZ2OWTC, QM R DORER EFT- I LR T v
¥ (O), MCY RT3 (O), TIPP AT v
TN ERWTEGE I DN RZ K L IR L.
72¥, QM FHEIEL, =R AXF—HENEEZBEILTE S
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£ 77 /& > [MoCp;] (Cp = cyclopentadienyl)iZH .0 & @23 2 2D CpERCTH U RU 4 v F
SNTHEEFFOSAZrrO—FTh5, Y 7T /B U1X 16 B ORI AEIFI72RAE & 72
STWNDIOEWEINEZ R, [MoCp2lix CO & DRISITEZITH Z DIk LT, H,
EDIOSTEERMEDRNEL 2D Z b EORISEDEWNITHBR AR T g B
[MoCp ] D ESERREBIZ =FH TH 228, fIIATH 5[MoCpsL] (L = CO, Ho)iZ—HIIKFETH
LT, ZIVH OB FHE S BUNI R R ZEZRBT OIS LD, ZOX ) A L KEE
DA EFE D FOSZBIT DN EDENNIA Y T r vy 7 ROFRICLVFHHAIND Z &
e ANGICE

ﬁ%x#i20®£ﬁé EFIREEORT Yy VEMOY —A ETREE, 20y —240 k0
T %L —A/ s (minimum energy intersystem crossing point : MEISCP) (% A & L RFENS 2L 3
HEIGDOBRBIRE L 700155, 2z 1T, MEISCP OffiE & B 1-IRREIX UG DRI T
HNZ BV TIER E%T@éﬁ\:ﬂi?i*W¥~K%Témmiﬁbﬂf“5%®®\
HIECE FIREBICET 2HMARMIT IS EVIThbATI2d o7, £Z T [MoCp] XY
[\Nsz] ~D CO KN He AU ZEY BT, AV RO E 2 5 FOSIZBIT D1k &

HAREOFEM BT 21T 5 2 & T, Z OB A B = X A% B ﬁ#@ﬁ“é ek
ZHME LTI Z T o 70,

ek H[wmm~®CO&UHﬁ@#Aﬁmwf?yysz%wﬁ A=A % i
B L7, CO DFEE UG TIX MEISCP 23 iRl ﬁbfusmmmm ECFHR SN DI
% L. Hp TiZ 10.2 kcal/mol RZ27E & 72~ 7=(Figure 1), Z OFERMNDL . Hy OFEA G T
MEISCP MG DEBIRAE L 72> TEY | Ho fEA UGS wfmxt/7m/7m%#im
WeEentBEZBND, ji CO DFEERIL TIXRM R ZITHCNCHEITT H L& X b D,

WIZ, He fEG ISR T 2 MEISCP % #2132 SOG#RI& Z 5N AT 3+ 2 72
meta-IRC(intrinsic reaction coordinate)#t % %17 > 7=, Figure 2 1%, meta-IRC FHHE B H 7z —
HIERRE L —HIERRBDO AR T ¥ v /L= /LFX—% Mo-H B & Cp-Mo-Cp MiZxf L T7'=

vy hL72bDOTH D, TOFER, Mo-H Bt T2 <, Cp-Mo-Cp 23— EHIEIRAE & = HIH
WRROZRNVFX—EEMEOLTFHEHEZTWDLZ ERW NIRRT,

g 10.2 H, binding reaction
= singlet state
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Figure 1. Potential energy profile of binding reaction to Figure 2. Change of energy and structural parameter
molybdenocene. around MEISCP of H, binding reaction.
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