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. » Fig. 2 7k b= b U LA TFORBEER
i, CC i OIREFIEIRAEIZH VT PA @ H/D \

I \ L AREE— FOEFRMIIBIT R
FINLARRN RS ICHIN D 2 LD -T2, PA D

B 7% PAPAL " )D H/D RALES 7 K
H/D RIS 7 b O EEAE(-2 meV)iL, CN ffiffiE#R
FOLEFEMNITHET LB 0NL0, ARIC LD CN MEIRE O EFENIZBIT D
PASHPEN > H/D RNZIA S 7 b (-3 meV)IZFEREZ ERMICHI L T\ 5, 72, #EEIRE
SMTORERNS, 2 b7 & F=hULZBWT PA KT D H/D RS 7 N KA S
FE—AL FOERIC KV BB T HZ Moo,
[1] P. G. Coleman, Positron Beams and Their Applications (World Scientific, Singapore, 2000). [2] G
F. Gribakin, J. A. Young, C. M. Surko, Rev. Mod. Phys. 82,2557 (2010). [3] J. R. Danielson, A. C. L.
Jones, J. J. Gosselin, M. R. Natisin, and C. M. Surko, Phys. Rev. 4 85, 022709 (2012). [4]
M.Tachikawa, Y. Kita, and R. J. Buenker, Phys. Chem. Chem. Phys. 13,2701 (2011). [5] Y. Kita, M.
Tachikawa: Eur. J. Phys. D 68, 116 (2014).
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Cp*Co(ll)fitE # AL = C-H #&& 7Ly Z)LL/IRIEREIZBI3 % DFT 5 &
(BRI, 2 AeiE KpE3)
O H ", joH M, ek LB, &8 2, Rk %
DFT study of Cp*Co(IlI)-catalyzed C—H alkenylation/annulation reaction
(‘Hoshi Univ., “Hokkaido Univ.)
OKen Sakata”, Masami Eda", Yuri Kitaokal), Tatsuhiko Yoshino?, Shigeki Matsunagaz)

[FF] T, < ORETFH C-H A EREEILICHD 72 Cp*RUIINEEEICKT LT, k0%
fli7z Cp*Co(IIEE R Z il & L CHWDRAZ K, &HblIckvfES, 2L R ThH
BN 2 R 2 E RN o7 [12]0 £ K= ET X2 L DORUSIZEBWNT,
cwmmn%%%%ﬁkbf%wt BTl C2 (BRI T VA = ALK s D B s AT

DIZHE L, Cp*Co(Ill) $ERZ fillft & U CTHWIZEA . C2 LRI T V7 = b D I Te 577,
Flmds e LTHWE A AREANVEL O TERALRISAEITT L, Bra A v Fa 3V ERd
52 EMPHoTUWD (Scheme 1) [3],

Scheme 1 el

[Cp*Co'"(CeHe)I(PFe)2 0

\},Nl\/le2 Me (5 mol %) o py \)/N'V'ez

KOAc Ph
N Tz AL A g
1,2-dichloroethane

/ / Me %

Ph Me
1 2 3 4

Fx g Tlo, YA 7 L ORPERSICH Y 35 Co—C A AERMAERICE LT, #n#l<
L7 T — NREEREE SR THENOA Z LB 2k fb (CMD) #iE CHEITT 5
ZEEBEL TS [3], AWFZETIE. [Cp*Co(OAc)] Zfillltl LCTHWE1 & 2 DloET
IVEISIZE W T, Co-C fEANAER L72%, 7% 25 Co-CHfERITHAL, 7T/7r =11k
[BRALD 2 SIS HEST S D BOCKRISICE LT, DFT #t5 &2 AW - Mat 238 Z 72 > 7= (Scheme
2),

Scheme 2

[Cp*Co(AcO)] MezN MezN

YNMe

.
Con Con
CMD mechanism ph
AcOH AcOH
NMez

AcOH
N Ph
Me
[Cp*Co(AcO)]* 4
[tE] Co f1IZi% Wachters—Hay 5 O triple-zeta BA4KIZ s, p, d 7! diffuse BE%L & £ /) i

BE% & N 2 7= BAEGR . Mo 7-121% 6-311G(dp) BB E R 2 F N FnHREREE E LTHW
(BS1), MO06 JLES%kiZ X 5 Kohn-Sham DFT #ti CHE R L7 & NCIRENFENT 2 2 /2~ 7=



(MO6/BS1), HONT-MEEICK L, 12-Y 7 nnx X U IKE4aEE L. C-PCM HEIC L DT X
AX—FREB IR0, RIEREZRESL >/, TOFE, CoJA 113 LilBiR, T oo |
TITIE 6-311++G** B HR 2 BRI % BS2) & LTENEFNHWE (M0O6(PCM)/BS2
//M06/BS1),

[REBLOEBL] 1EHREL 3 BHEREOFMARISRED 5 b FEQRPRHAE L
BEEREAZEEH LT ABRZRIVTY —X A T 77 L% Figure 1 IZ/R7, 2 DO RIS DX
ISR X, TLF D C=C HEA N Co-CHERIHAL, a7 Ly 7 2 8IZE D E TIEF—
ThY, —HEREOHFBEHTHD Z ENRENT, TO%, JIZ AcOH AKEEL, 7o
MM T R CHRO K C IR FICBEIT 258 121X 7 v = bR ET T 5, FAuLSx L
Ty AANEALNVIEBEERD CJHT LT F U HROEKN C JFT & ORMT C-C AL EE
T DG EIITBRILIS DN ETT 5, T = b EBED 2 DO RKGRRIZ DWW T, i
PR & 5 2 DN DEBIRIE ("TSi2a3 vs. 'TSoue) Z HET 5 & 393K TIET /L7 =)L
LEBARAE ('TS12.3) DN DT NITUENE DD, Z DT/ EV (1.6 keal/mol) DT L.
353K DEGAITIE T 2L X —Z T K& < 720 Bkeal/mol), 7 V7 = AL —FFHIZHR] & 725
ZEBbhol, TOMIANTERMERE BT D,

i3

£ +|

+] A
AG3K Me,N )(O‘ICo]-I l.?_‘kt')
(kcal/mol) N fPh Mo O=1Col

Z 2 s t
Me ekl A
/ h
; 1
o

alkenylation path

[Co] =Cp*Co

Figure 1. 393K [ZBIFTHHBZ=RLX—F A7 77 A (kcal/mol).

[2% 3C#ER] [1] Yoshino, T.; Ikemoto, H.; Matsunaga, S.; Kanai, M. Angew. Chem., Int. Ed. 2013,
52,2207. [2] Sun, B.; Yoshino, T.; Matsunaga, S.; Kanai, M. Adv. Synth. Catal. 2014, 356, 1491.
[3] Ikemoto, H.; Yoshino, T.; Sakata, K.; Matsunaga, S.; Kanai, M. J. Am. Chem. Soc. 2014, 136,
5424-5431.
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Theoretical analysis including thermal and vibrational effects for
the nuclear magnetic shielding constant on hydrogen of
trifluoroacetic acid molecule
(Yokohama City University)

O Yoshiaki Watanabe, Yukiumi Kita, Masanori Tachikawa

ﬂ

RERG SROERTE R (0) 1250 F OREIECHL DFEMI 2 E B A 5- 2 D EERYMEO—D>TH 5,
BE ., cOMEIFEEYME E0EE L THIEIND N, ITFGarbacz b 15 FIZ IV THE A 72
INGyF DKL IER EEL (o) OMHEZRIEST 5 2 ITkE L72[1]. 2 OREREILES
—REFHBIC L > THEREH SN D0lZxfIR L, 1> Toyllxt$ 2 8\ IR AE B ER O Ky B FEAM
cztvo‘b\ﬂf@&)fﬁﬂ%ﬁﬁﬁ@{ﬁ}: 725, EFEGauss B IE, FEEBRAIZ oy DAEIHER R E STV D
KD IND/INFFTKRET D ERERIAENT 217\, Coupled-Cluster (CCSD(T)) L ~/L D% — i ELE
HiZk o T, UH%%%fﬁﬁ%Tri’J-’rﬁxﬁb%rﬁﬁo Sppm CEHJREZAERI2%) THRITE 52 L4 H
ELTWD[2], —H. Fox BT ZREETIEL, Gauss b BENTORRIZED T2 R Y 71
A a g (CFsCOOH) 43 Doyllkt L TIE, FHAEME & F2BEOFR 213K 6ppm (30%) 1T 6
L7,
ZZTCARMZETIR, ZOFERELHEMEOAR—BDORRZHLMNIT 5T &2 HMIC
— JFELEH B & F\ O 72 CFsCOOH %y 1 OB R AR MT 217 -
7o BARBITIE, DR XA E S TR LA H
722D FHKBHERICL - TE2ALID I EEHE
J& L., CF;COOHD H &R 7215 T2 < | B (Fig. 1) (2
2 LT b oy DERRBIAT 51T - 72, & 510, — 110y Fig. 1: CF;COOH ( —&1K) o F-firkkis
XL I FIRBOEBFROEVRELSFET L2 0D, BHEKRE ZEBIKORFITH L
THTIREN D% 5 2B 8 Llzoy DERIIIENT 21T > 72, F£7-. Garbaczb [Xoy % ARIRE T
(300K) THIEL TWAHT, AL TIXIREN R A B L 7oy DEFRAIMENT 1T - 72,

[

%

NS

(RH&E 4]
TR O AT E 2B RET D 72012, ABFZETITIRATER S 15 IRE 2 /K FERRE KT
FEE o)y DREIT 21T o T2



_Jou(@)¥.(Q) d0
<UH v = 2
JI‘P Q) dQ

2 2CQ = (q1, Gz Gan—e)VE 3N-6 YLD ERBERE (ViR . P, =][e(q) i3k

OB, @13 i FH ORET— FOBREFE (modal BA¥) ZEIKT %, modal BA%L

T, BIREEEISH > TR L 1 IRoGIERFIART v v L Z W T, Stérmer-Levy 151
J: D15 B L7 1 IRJG Schrodinger RO EUERIIEE R 2 FH\WN o, 2 QR O MRS 3R B
JKREETH D, RT v v v LR F— Loy DHEHIZ 1T MP2/aug-cc-pVDZ L~V D5 — U EE
FHEE Wz,

FETREDREEBE Loy (og)r) ORHITIIRKXA AW

(ou)r = Zi (owdoy T2, Zyip(T) = %y exp(—Fer)

Z 2T {ophyild i FHOBEAIRIEICE T DIRENFEEoy. g% i FHOBEAIRED = XL X —
EAME, B=1/ksT ThH 5D, AW TIX, FEERIE L & b, BEREBICITIEERT— NoH
T fEEYERT . F LT 2 ODERT— NS ﬁuif%%ﬁbko

[FEREBE
Table 1: CF;COOH Wit {k L “&IKDay (ppm): a5, Oy, (Ondzoor!TALH T
O'IEQ (O'H)u (o1)300k g%%ﬁﬁﬁ[l]
B & 25421 24.423 24.341
------ TR el s ML 0ok
= 47N 18.660 18.021 18.061

Table 1 (2 CF;COOH H &K & &3 L TH D L7 KBRS SOEHUE B [ppm] & 7”37,
RHITIN T, of U FHARERE — U DRI, (oy)y FIETARIRBI I BRI R % V7
JEIRRBIZ 31T 2 IREY ) fE (aH>300K X EBRERBEIREE (300K) “C“@JH’C“&)é Tablel £V .,
HRER & THRIK L BT, o COMED Bloy), 13D Lz, DV 5T O FAIEE Loy & i
EEDLZERHALNERoTZ, F2, (ou)y 75%(0}{)3001(0)%%&1\ HEROESITEA L,
TR L., ZAUC R Y IRERRITHERICK LR & ZERICK LTI
MEELHEZLODZERPLNTR STz, ZEIKITH L TORRENRENoy RIS
BB, o HEIRENC Bk 2 IR EE — ROIRBIBERENRESFLS LD TH D,
F 72 Table 1 £V | FLEIKD(oy) 300k (24.341ppm) & Ll LT, —EIKD (o )300k (18.061 ppm)
ILFEERAE  (19.258(6) ppm) % LV EBHIICHIBLL TWAH Z L3005, L7eni-> T, Garbacz
SV LTV % CFCOOH Doyldd7e < & b BEIRITRHIG T 2B & 135 2 #Ev, AT RS
FATFEBREREE T 1238 T CF;COOH 23 &R Z M L TW D ATREMEZ RIRT 5 6 D TH D,

Garbacz, K. Jackowski, W.Makulski, R.E. Wasylishen, J. Phys. Chem. A 116,11896 (2012).

[1]P.
EZ]A) Teale 0O.B. Lutnaes T. Helgaker, D.J. Tozer and J. Gauss, J. Chem. Phys. 138, 024111
2013
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Theoretical design of organic laser materials

based on quantum chemical electronic structure database

(Ochanomizu Univ.!, IST-CREST?) OHirotoshi MORI'?
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IR EIBRR N S e, — . M UARRBENET SA A ThoTH, AL —V—4F
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HiE AL —YV—MEHER E L THO LN I3FEO AT VLR UFERE i
BE LT, BHCEMEAMERAE ST, 2500 FIdEED B HENE,
Z I CHET ORZERBEEIEZ 5720, BEX7E LIEE0A Lo 8 h¥itE
(UFF) 12X » TR Z EMEEIZITS1F 2%, (TD)DFT/PBE0/6-31G(d) L'~V T S,
(S) MERE(LFIRZIT o7, MA T, HFoiieiEizisn TR Ol 217
ol Fon ikl L B REE T — 2 X—2{bk L, L=V —FRIEE LD
FHBE A FRA LTz,

HBREER NG ]

20 f T
A - ! ¢ SBDS |
OFe L MBEOLETFT, S, 5 S | X“w§>

RMSD {13, BRI KD B
T2 B R R B TE 4 k & k2ot
BL7 (). SyS HEEZ£ o
RESOEWEXET 5D

12 . Xo —
: ®*SBD3 | €— X1%X
. i X, 3

‘e SBD6
08 i SBDA

| SBD2 P X2
o 1
[ I

S,-S,EIHEE DRMSDIA]

UL % AR LT & 2 5, 04 | TR T
: \ oo SBDL e :

B L — bR & (R B 02 BSB3® wBSB2 |

XET, 7707 ar RUmEK 00 0 > 4 6 8 10 1

TR DR 3 RE ek [s71]
B 13FEDAF VAR Y UFERD S-S, M D
RMSD & BU R 3 B2 E 4 k oD SEBR A O AR B
(KSR O X (T HCNO & BRI L2 ET)

28T D S-S, ZEEEN

NS LSS, BRIZ w59 Dl

BHOBERYBREVLEY %

XXz &3 ghotz. &

[ —F =Rt LTEE LW & B RIET 2 BITIERNNEEZ N 5 Mo BigE s
EBRREN DR LN DLNEND D, B 55T ARG T 5,

SZ3Xmk [1] T. Aimono, Y. Kawamura, K. Goushi, H. Yamamoto, H. Sasabe, C. Adachi
Appl. Phys. Lett. (2005), 86, 071110. [2] Y. Kawamura, H. Yamamoto, K. Goushi, H.
Sasabe, C. Adachi Appl. Phys. Lett. (2004), 84, 2724.
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DFT #5% Fv iz dVRUK M RSEAREE Sr1-«NbOs DWW ES L UV Rk

CRKPE L « JST-CREST) O4: 7 1Ef#, Giacomo Giorgi, LI F5%—
Optical Properties and Band Structure of d1-Type Photocatalyst Sri1xNbOs: A DFT analysis
(The Univ. of Tokyo * JST-CREST) (OMasanori Kaneko, Giacomo Giorgi, Koichi Yamashita

[Fia]

N T AA MEEZ LD StixNbOs 1%, EEMEZFFH DD KG AR 2 £5-2 2 & 23
FERICHER SN, BEIEZMER L% v U 7ARRHFRE STV 5. SrixNbOs O IR
IX Nb 728 AL IREEZ L 0, &RFEO Y ’igEE 2. DFT 2 AW 56— R BRI
LV, 72 I =X, Bu(EBFAERICEA), CBGEY HA), BiIGELH) &I
T D 3 DDORFERI IR N FEEOFIEPHER STV D, FHIONF X v v 711 1.9eV TH
D, FHRERERE T 5 2 L CMEERNICHEE T 2 =X F—F v v TORENRSL BT
W5, LaL, HE - REEFIKF L THEAY RHOTZ RV X=X v v TIRET 572 0[1-
31, BURZ DRFEITER STV, 22T, FH—JRERIC Y REGALE T K OYEO RN A
N7 NVEHET LI ET, MBS T ST ARV —F ¥ v T ERFIL, IHITSr
KM« HF AV EBIZE DT RN =X v T~DOEEIZOWNTHRF LT,

(5]

RISy — VASP (2 XY DFT R AT o7, VHEEEEZ AW, By b7z x0
F—1L 500eV & L7=. Monkhorst-Pack {2 ¥ 8x8x8 fSi/fu.d% 7 vk fiafH L7z (B
L, #EMEEBGEHEIZ OV TIE 20x20%20 si/fu.). BT OREMEEZBET H7- DU E LT
PBE+U #@IRL7-. U RTA—=ZX, BNAXY MARERONTFFX v v 7 a2 BT Dk
IZHREL, UNb, d)=4.0 eV & L7z. FHRET/VE LT, KBaZe LET /L (SrNbOs) - KiEE
7 JU(Sr1xNbO3-y:2X2X2 D A —/—8 L) & - % HIBR) « £ €7 /L (100)iH 15 DO AT 7
E7 /L, SrO #4i « NbO2 #&44 « O WA « A A b T4 > OE#E T 1 (CaNbOs,
BaNbOy) ZERk L7z, $£72, HEODOEREERFEMBOEHE L LT, StNbOs (2o
T, #tE/ Yy 7 — Quantum Espresso 3 £ O Yambo % iV C BSE & 21T 7-.

[FER L EE]

RBaD 72 AR 72 S'NbO3s D3V 7 FiETlE, BEIEOIZEE Y, 3 2D 3 K By, CB,
Bi BIF(EL, ZHZHEIC Op), Nb(d), Sr(d)/Nb()IZ k> THELEN D Z &R ho7-.
FHEBDOEIEZ N FREICEHET 2 &, SINDOs D 1.9 eV (L DNFF ¥ » 713 CB—B:
Zk B ZER otz (X1). £z, FEBBOERE k SEICHETHZ LT, ¥y v
TA~DFEGDPERLREWV K ST A0 X S8 TERL, T AMEORFEOERWk A THD 2
EMbooT(X2). HHEXx v 7L, N RREBATERPILETHLEEZLND.



HF X v > U Sr KMERIZIT & A ERIF LW Z &b > TS H311[4], Sr KD F
ZER LT a, TNEH|BT L2 EnHkerolz. Lo, [RIRFC O ZEALZ21ERRT 5 2
ETHIBTEXDZENg0oTz. LR - T, SrixNbOs X Sr Kb & [RIFFIZ O ZEARTER S
NTHEY, NbJERFBNEICAPEFIRETHD Z ERHERISND.

K IX(100)E D SrO #4iH<° NbOs2 #4ii L 0 & NbOz #&3iiZ O Ji1- 2 W AE L /- RIE DL E
L, CB—B:1 7\ Hs * Oz b e N 2 3de 720 (4 3), Ayttt L CH@Ich o L
EAbND. AV A MITF A E2EWRLTZSGAEICS Ba, CB, Bi L& X LN LR
R2ZBIAL, 2eV AT TF v v 70 G 6N, Tiuh SRS L L CoisMH%
FEOR[RetEn % .

15 0 e e
a1
1.2 2t E CB
LF <
= 3
o 00 L 4
E § _|
0.6 ui” -5
w gt
0.3 7|
sl b
0 9 K s
1 1.5 2 25 3 35 4 - NbO, Sr0 NbO,
hv [eV] + O adsorption
1 N2 NEOFEERB O 3 FeuliAgE & N RURALE
I' (0.00,0.00,0.00) ——
k(I'-X) (0.20,0.00,0.00) ——
X (0.50,0.00,0.00) ——
1.5 y y y y 02 K, (0.20,0.05,0.00) ——
K, (0.20, 0.10, 0.05) ——
w 1016 x Total
E {012 &
Z 0.08 . o
-— B w
s [ E R
1 0.04 0.5
0.4
0.3 ;.
0.2
0.1
0.0
/ 0.5
0.4
% 0.3 0.1 v
2 k B OB DOREES
(& 3R]

[1] X. Xu et al, Nat. Mater. 11, 595 (2012).

[2] Y. Zhu et al, J. Phys. Chem. C 117, 5593 (2013).

[3] C. Sun and D. J. Searles, J. Phys. Chem. C'118, 11267 (2014).
[4] P. Efstathiou et al, Dalton Trans. 42, 7880 (2013).
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Incorporating physical properties into geometry optimization

(*Graduate School of Chemical Sciences and Engineering, Hokkaido University, *Institute for
Catalysis, Hokkaido University) olori Harada', Akira Nakayama?, Jun-ya Hasegawa®

[Frim] RN 72 & Tl 2 2 i SOS I T 267 53 TR0 oy TG I R 2 45 7
FTHD, ERT = NHET 225G, HiRatH TR 27 V2B L, LFRIERRIC
S BUTHRRIC L > TET AV OREEZBREEL TV D, HHR D+ T LEREO KN
IRNTZ D3 FAREE DR TEITILEBHIBR G ITAT O T LN TE 208, BHERSFRTIIART oy
IVHITEAEMETH D . REMEDNIEFICL L RDT20, TEROR Y J7 TIIMIERE 7S N 72
WAENE, £ T, RBFETIEZ O X 5 ZRBEICx LT, FEROBIIE R 2 ftE ko —
e LIERE RO FIELRET 2, ZAUTKY . F100 BBIHIF R O 5 VI
ZHERRTRICED AN D Z & TR T DM IR L, FEERT — & L BERE L g 2 T/
RBERRETT MBS L DA Z B L, DRI FHEEZIRET D ENTELLEE
Z bbb,

[J735] BEA o HAE QP 2 MR 4tk & L CRlMF RICE AT 5, EBRT—2 b5 bh
Z PP & FHR N B L N D MM E VT, BT vy VTR X —BIE
IZULF O F T ¢ —B¥ G 2 2 TS bEt R 217 5, ~XF 7+ —B G I3BEA O
WP L HE D BS B DM EOQCYNNTITE T D K O 2R 22 R sEEk A IR
SHETWV5D,

AR(R)?

7 N — e —| pcalc _ nexptl
AR 17 (vt iZ 2—2—) ,  AQ(R) =] (R) — nexPt|

GR;y)=

AT VRNV EICT LT 4 —BE G 2T, 52 59HEICK-
TIXHBORESE & 1382 D20 MEIZDUR T 2 AlRetEn & 5, 2 O%6a . BLT O -1 EREE r;
L Uiz o ZABEW 25 U B IMED SR H LT LWEE OIERZBIE S E 5,

.. — b 2
W(R;h,ﬂ)Iznexp{_(TLJ—ru)} (‘B/Qﬁ)(_&_)

232
t'st i<j 'B

Tij = \/(xi —x) + (=) + (7 - 7)°

FOREAERT Uy VR VX BB EICUTO X ITMATHMBEEF &L, Z 0%
Wk LTS Rl LRt R 21T 0 2 & b7,
F=E+oG1+ W) (o,h:i/37 X —%—)



[fER] ARKRTIEIA A AL F—2WEE s L GRHEEZT 72, MEOBRETH LT
O, BEROMIEAEQEPININT A =2 L LTEX D), 7. $0 0 R=AbEWIiE
AL (K1), SV HE = AbEW T SDOREREENTFET D720, B ORI
R ZAT O 720 TIE. EH060h—oMELMFLNRY, LavL, M1 O EoOEL ]
Witk & U, fREE L 7REB o el IT MR
EROE L TAFEZEMT S &, 1R
T LIS, HROMERE L 7 IRIEOREE 215
LT ENTET,
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I
I
| ! 4 1
! E : i
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WIZ, A/VLT VT v RIZK L CiHRZ : M
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T L L, —W(LiRTE L RFEY IR E=000eV Ege =19.3 eV
- \H-BE ref N N -
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L2 A, FRILAT VT v RORZERMGAIT ‘ P _
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Stable structure ref

TP VT 4 —BIKG AN E < A Bl 1 2 e — :
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REEOHEZGDL LN TE o1z, £

L2 2T L DI, R AT LT b — |
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t ROZEMENOHE L THEIE LR '

3.24A

T, AU AR EIMA L FiEEwEM Lz

HERIEDOREE 2155 Z LN TE T, MOIG 1 SFATF o —E%E B R e
RPNz SN TIEY ARET 2,
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: 6 T F:Targetfunction _____________ 0N | s P — I
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Theoretical Study of Rhodium-Catalyzed Hydrosilylation of Ketones:

Chalk-Harrod vs. Modified Chalk-Harrod Mechanism

(Hokkaido University, ICAT) OLiming Zhao; Naoki Nakatani; Jun-ya Hasegawa

[Introduction] Rhodium-catalyzed hydrosilylation of ketones yield siloxane which is an
important industrial product and is widely used in human daily life. Thus it is of great use to
take an insight into the mechanism of this typical reaction. It has long been believed that the
Rh-catalyzed hydrosilylation of carbonyl group occurs via Modified Chalk-Harrod (MCH)
mechanism from an analogy to the Rh-catalyzed hydrosilylation of alkenes.[ll However, there
is neither experimental nor theoretical evidence on the reaction mechanism. In this work, Both
Chalk-Harrod (CH) mechanism, MCH mechanism and outer sphere mechanism were
calculated as our purposes here are to investigate which mechanism is taken place in Rh-
catalyzed hydrosilylation of ketones.

[Computational details] Both geometry optimization and energy calculation were carried out
with the DFT method using the ®B97XD functional implemented in Gaussian 09 program. In
this work, a smaller basis set system BS-I where ECPs and valence electrons of Rh were
represented with SDD, the 6-31+G* for P, O and Cl atoms and 6-31G* for other atoms and a
larger basis set system BS-II in which the SDD with a f polarization function for Rh, the 6-
311+G** for P, Cl and O atoms and the 6-311G** for other atoms were adopted. BS-I was used
for geometry optimizations, vibrational frequency calculations and IRC analyses while BS-II
was employed for the evaluation of energy changes which are sensitive to the basis set.

[Results and discussion] Fig. 1 simply explains the scheme of CH mechanism and MCH
mechanism, as well as newly-proposed outer sphere mechanism. In the CH mechanism the
acetone is inserted into Rh-H bond followed by isomerization because of strong trans-influence
of silyl group, after which Si-C bond elimination reaction takes place to complete the catalytic
cycle. In the MCH mechanism the acetone is inserted into Rh-Si bond, similarly followed by
isomerization because of trans-influence of substituted alkyl group, then C-H bond elimination
reaction is taken place to close the catalytic cycle. The rate determining steps (rds) in the two
reaction paths are both acetone insertion reaction. Fig. 2 shows the potential energy profile of
two mechanisms. From the Fig. 2 it can be easily found that the energy barrier in the MCH
mechanism is higher than the CH mechanism by 12.9 kcal/mol from which we can clearly
conclude that the Rh-catalyzed hydrosilylation of acetone is more likely to take place through
the CH mechanism rather than the MCH mechanism. The reason for a larger activation
energy in the MCH mechanism can be explained by the fact that sp3 valence orbitals of SiMes
and sp? valence orbitals of oxygen must change their direction toward each other, while in the

CH mechanism only CH2 muct change orbital direction to H. As for outer sphere mechanism,



a Si-O bond is formed through the carbonyl group attacking the Silyl group without

hydrosilane addition to the metal complex. In this mechanism, a silylium ion-activated

carbonyl group RsSi-O+=CRz and M-H are two important intermediates. However, the total

energy of these two important intermediates energy is much too higher than the former

reactant which makes it unfavorable for Rh-catalyzed hydrosilylation of acetone.
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Nonorthogonal molecular orbital method
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An accurate calculation for the autoionizing state parameters of the
hydrogen molecule by the combination of the complex basis function
method and free-complement method
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Theoretical Studies of |1sotope Effect on pKa
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Relativistic time-dependent density-functional theory
for molecular properties
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EDIC 2 IROKMFIBE D —F N QY 1o X, SSHARBILBIR O 3 YR\ BIRT 5 B % G,
%A 2 & L7~ Noncollinear LDA TiZ

1(0°E, O°E O°E 0’E

Xc _= e o x 4 3 x 43 XC + T T
gpq,rs,tu 8( ap+3 8,073 6,0+28p7 ap+ap72 J(V/pwq )(V/r l//s )(l//t l//u)

1(o°E, ©0°E, O°E, O°E,,
+— + - -

8l op.> dp° p.fdp. p.op.

EEHEND, —IROZMAFABI A — 1 £ [AER, singlet, triplet Bl D ITAHY 9~ D HA RN
TW5, ZHHDOIHEIT GGA, meta-GGA ILEAEIC W T H RIBEICEH S 5,
AFFTIE ERXITHES < SO-TDDFT HEIZ L 25000, B IRR, T L CIEIERTnk 2ADB
MR 2 NTChem2013[8]I2 3244 L7=, < OIENH W JEHE R GGA 12X 5 2 IRDAZHFARI A —
VT, HARBIILBEI O HEFEE T 0 /T A THBIEE AT o7z, EIEOZEM, SRR

HEREERITY A RET S,

=X,y

(&3 3R]
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A new Monte Carlo CI method using sampled correction vectors

(Hokkaido Univ.) Yuhki Ohtsuka

[FF] hERBEDR T oo p Ll TH R4 B SE IR D SO\ T B IR B A FF O R & T 57
WITIE, KE7pactive space Z Bil) ZEMN FIRE/RZ &L PN T R L —HEIICAFAE T H S DR RE A&
HTXHIEMEETHS, Monte Carlo Configuration Interaction (MCCI)A[1] 13X, BT A aikic &
LEFEEDAERRE, AL D/NST: CHREEZFF OB FEEDOH ELRIR T ZLIZ k> T, R&ER
active space 2 b HE /R TALEZ IR THIENTED, -, CLIETHHDO T, EEDIREL [RIFFC
FETHIELARETH D, L L7 n, MCCIHETIL, BB EAE BAEHOHLEFELED F1 5,
TR BHUNE FELEZ IR QD70 o7V A EO RN B L EE 255, 4l B
& 22 DOE T B0 a{E(PMC-SD #£[2], FCIQMC JE[3) D7 VT VR L& L, Davidson {EDE TE~
IINVEY TV FHIEICE ST, MCCHEIZBIT DB FRLE OBIRO A n LS, D720 GHE
55 11 CEE D IhE IR B IR BB A FH R 528 B 2 T2,

[#z] MCCIEOT ATV R LR T,

Monte Carlo Cl (MCCI) method
Cl wave function
Yo =Gy [0} +C 1) +C,|2) +---+Cy | N)

$

Enlarge the configuration space by adding configurations which interact with
the present wavefunction. (New configurations are generated randomly.)

Yo =C|0)+C ) +Cy|2) +--+Cy [ N)+| N +1)+--+|M)

4

Diagonalization ( Coefficients of new configurations are determined.)
W, =Co|0)+C I}+C,|2) +-+-+Cy |N)+Cppy | N+ 1)+ +C,, | M)

$

Cutoff (The configuraions whose coefficients are smaller than
a coefficient threshold (0.001) are removed.)

Yo =Co|0)+C,|1}+C,|2) +---+C, | M)
1. MCCIEDT7IILIY XL

AR E T DEH T, 1OFLWEEE T2 AR T HAT Y7 % Davidson EIZHTHEIE
NIMDY TV TITEEDZ D, KFEHDIREBO IV EEAEEC, E LT28, ZDIRREDE
ERZMUE, ROQ)RDLHEIND,



5K:(H||_EK)_1(|:|_EK)CK 1)
ZZT H L A UVRET UATHIO A IE TH S, CL BRI (Cy ) &7 —h—TRL, (1) &
FTINTH TV T EBATHZ LI ST LW E AR EE AT 5, 20 5% Monte Carlo Correction
CI (MCCCI — MC3I)iEE4 £ 7=,

Monte Carlo simulation
5y s x (Hy—E) "' (A-Ey) L

Number of walkers (N)

B BBs cwge @
-
Newly generated configuration
B2 MCIEIZHEITEI2HLLWEFREOH T Y

B ORIEEZRDDEEIT, 2TORREIZONTI 22— 2 2T, ARSI B FEEOES
EHLWEFREET D, "TA—Z =L LT WEIBABOREE Y TV 7T o0+ — T —OfEE L,
UL A R SN D EAEC B O %% #1535 Shift parameter([X] 2 0 ) 2 FiEZfE A L7-, 7077 LBA%E
(3. ETALFET 0T T 30— SMASH LI TV Seb BHRLIRFR D933 % 0 NIV RKED AT
w7 1%, OpenMP Zff L Tl b &2 T -7,

[FHEERLEELR] 4 EIBIFLIZ MC3I ik MCCI % C, 43 1-(L.2A, cc-pVTZ, 1s core frozen) ()i
L7z, K312, AgXFRD 5 DOIRRED =L F— DI RE 7R T,

752
_ 753
= =
~"'"; 754 | N — ==
) — MCN — MCCI
a 75 —_—
c ———— .
2 756 4 K_,;’“\\
® N =
R 75T N ~——

-75.8 A : - : - :

0 5 10 15 20 25 30 35 40 45 50

Iteration
B 3. MC3liEE MCCLHZED I RILF—DUNRD LLER

MCCI JE TORERD 2 =R L X — DU A, MC3IIETIZETORIEIZB N T, #HH 5N TS Z
EDRMED, Fio, B OOREOREMKIN /2R —DZEIL, KT ImE, (4 DORAEET MC3I ¥4
OFPMEINT HED 5T, EFEEOEIL, MCCI LAY 167,634 (Z%f LT, MC3I {5 Tl 68,424
ERECHIEEN TV, YHIZ, ZELWT AT Y XADOEBARMOZ~OIEH OSSR, BEhi
ICE DT FAX—DMEIZOVWTHERETHTETH D,
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Theoretical study on Charge Carrier Mobility in Organic Radical Crystals

(* RISE, ®Waseda Univ., *JST-CREST, “ESICB, Kyoto Univ.)
OQi Wang*, Hiromi Nakai'*

[Introduction]

Organic radicals have attracted intensively attentions from both theoretical and experimental studies in
recent years. Due to the existence of unpaired electrons in open-shell molecules, strong interactions
between radicals play an important role in the promising optical, electrical, and magnetic properties.”® The
packing of organic crystals could be tuned by chemical modification through different substituents. To
bring insights for material design of radical crystals, the charge carrier mobility in organic radical crystals
was discussed by a multi-scaled model with respect to molecular packing in the one-dimensional z-stacking
crystal model. The hopping model for the charge transfer was applied in the study. First, the charge transfer
rate was obtained based on DFT calculations. Next, the Monte-Carlo method was used to investigate the
charge carrier mobility in a one-dimensional crystal model. The results show that the charge carrier
mobility in the uniform packing structures is larger than the one in the dimerized packing structures. On the
other hand, the non-local electron-phonon coupling effect was taken into account by introducing the
fluctuation of inter-molecular distances.

[Theory]
A multi-scale method is proposed to estimate the charge carrier mobility in a one-dimensional organic
crystal. The hopping model was used to obtain the charge transfer rate k based on the Marcus theory. °

e /L __r
k= A AkBTexp( 4kBT) (1)

Here, DFT calculations were used to calculate the electronic coupling J and reorientation energy A. To
facilitate the simulation on the diffusive motion of charge carrier, which was time-demanding for DFT
calculation, an empirical exponential equation was applied to model the electronic coupling J and the
inter-molecular distance d.

J(d)| = Aexp(—pd) )

Next, the Monte-Carlo simulation was used to calculate the diffusion constant D based on the charge
transfer rates, which is strongly dependent on inter-molecular distance d.

d(Ax(£)?)

1.
D= %hmt—mo dt (3)

Where <Ax(t)>? is the mean squared displacement of the charge carrier at time t, and n = 1 for the
one-dimensional organic crystal system. The diffusion constant D was obtained from a linear fit of <Ax(t)>?
with simulation time (Fig. 1).

Finally, the charge carrier mobility « was derived from the diffusive motion of the charge carrier
according to the Einstein-Smoluchowski equation

H=i 4)



To further consider the effects of nonlocal electron-phonon couplings, which play important roles on
charge transfer by influencing the electron coupling between molecules, a weighting function P(d) was
introduced to include the geometrical fluctuations of inter-molecule distances d.

1 _ LP(@u(d)

XP(d)

)

The weight function P(d) was estimated based on the MD simulations.

[Results and Discussion]

The charge transfer process was studied using a
one-dimensional organic crystal model. The charge
carrier mobility was investigated with respect to the
molecular packing. Ad is defined as the difference
between the upper and lower inter-molecular distances in
the crystal. A larger Ad corresponds to the crystal packing
with stronger dimerization.

Fig. 1 shows typical time evolution of square
displacement of individual charge carriers by
Monte-Carlo simulation. The diffusion constant D of
charge carriers is obtained by the slope of mean square
displacement over 5000 individual trajectories.

Fig. 2 shows the charge carrier mobility with respect to
molecular packing. The uniform packing (Ad = 0 A)
shows the largest charge carrier mobility. The mobility
decreases while Ad increases. The comparison of
unweighted and weighted charge carrier mobility is
shown in Table 1. The results will bring insights to the
material design for high charge carrier mobility. The
calculations will be shown in detail in the poster.

Table 1. Comparison of unweighted and weighted
charge carrier mobility (in cm?/Vs) with respect to Ad

(in A).

Ad i (Unweighted) p' (Weighted) Ap=p'-p

0.0 68.0 64.4 -3.6

0.1 61.6 58.6 -3.0

0.2 43.3 44.2 0.9

0.3 27.0 28.1 1.1
[References]
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Fig.1. Monte-Carlo simulations for the
square displacement of charge carriers.
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Fig. 2. The charge carrier mobility and
molecular packing. The weight function
is illustrated for Ad, = 0.3 A.
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Reaction simulator for CO» absorption in amine aqueous solutions
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[#52] HERERLOFIK L 725 CO, DHEHEDHHDOFEEEL LT, CO, BFREEIL (CCS) #Heffi
MEHENTND, 2O CCSHIFDOHFTEH, IBREHTAHFD CO, %7 X 73 EHEMEWRIKIZ K -
TIEEIRANIZATEE - RIS AL ERIEN L VB TWS, ZOFIETIE COx & WILIERM DR
B LD ROGHEDEWEFIAT 2, ZhE TPRINEICBIT 2 =X —a X FOHIRD 729
2. BERT I ORBEMTONTE T, ZOWRBEDFEINIT O 12DIZIL CO, DT I ~DK
IR Z TI9 2 Z L ITEBETH D, OO FFRRE S CO WINFHED v —TF ¢ v F kA7
WZRET 280N DOET N[5 2N E THRB I TE o, AR CIEFEET V4,52 E L,
JRS 1S 3T IV ETRA DU R 2 L— X OBI%EZ HIE LT,

(1o 74T 4 7 2 FHVEREY I 2 b—F OBR] (LFRIGETEZ 5 BRI F
D5 OO FRIETH 5,

RNH, + H,0==—=RN"H, + OH" (1)
2RNH, + CO, ==*=RN"H, + RNHCOO" )
CO," + OH —=>HCO," 3)
HCO, +OH +=—=C0,* +H,0 (4)
H,0e="=H"+ OH" Q)

1#k, 287 2 TIERQ)D AN AN A — MERSOERERZ 223, 37T I TIREZ LT, ke
LCERBAA L ELTORCO, ZRINT D ENTED, 20, QU7 I U RICIKITFT S
2. K(3), @), GNIEAE L7y, K(3), (4), (SIS B SOBEGES J OV E T B E & v iz,
FRHOT I UKRIRE CalT—ER DT,

C, = [RNH,]+[RN*H,]+[RNHCOO"] (6)
B Y NLD, Fio, BRIPFHESM LV R KD o,

[RN*H,]+[H*] = [HCO, [+[RNHCOO ]+2[CO* ]+ [OH]  (7)

CO, D —F 4 7 HBLIT, WADXL T I U HRIEBEICHTIEAETERSIND,

_ [CO,"J+[RNHCOO ]+[HCO, J+[CO,*]

~ [RNH,]+[RN*H,]+[RNHCOO] ®)
KA TIIARRE Y R 2 L —F OREERIET D722, BHEHMEDO— D> Thd AAkan =—
(ABC) 73U XLERD-Q)VFHANT, #x72 K1 & K &5 2, NMR EBRIC X MR E
DEACDREZEN RN E T2 D XTI LTe, ABUSY R 2 L—FICk 70T AL%K 1 IR
T, Fio. 212 1#k7 2> TdH D MEA (2-aminoethanol, R; -(CH2),OH) (2%} 2 L5FE R D




B ORERZRT, Z

DGR, FRiEE

BHTETWAHAZ D, KLY 2 b—XTELLL

FREPREERS COL WA ED 1 —F ¢ U KA TRITTE 2 2 LD,

_ L K, KB ERRE BT TN, 4.0 14
Ry RIGY T2l —gizhy, \
7 [\ BlrEREs T 25 & |
do n=1, Maxlteration
I 30 |

| employed beelZ & % {F5%

4 10

L—l

: 25 |
Is) : ] *%
[ eE#omEmErToHE | [ R — ] E 15 lhsx—t
&) 5 Ky Ks — .
[ wvobar | ' B0 4
| scout beel- & %% } [CO,7], [HCOy], [CO5™, :'ﬁ»\hgv- 05 r S 12
[RNH,], [RNH;"], B A
| RAEGOER | [RNHCOOT], pH 0.0 . ‘ ‘ 0
T 0.0 0.2 0.4 0.6 0.8 1.0
R alb—% Y
= \V 2. MEA OALZERRIRFE D 0 —7 ¢ o 7R IFHE

(o : BRI, — . THIME)
[BEFLFHERZRAWERR Y I 2 b—F] SHIEEDOT I VI L TGy R 2L —4 %
WHTE DL IHEATT o7, K LS AHTRLVF—AG OBREHAWD Z & T, &bt
BICXVEN L, BHEEEL LT, TIVHTOEVICHLDLRAKD % 10 5 FBE L,
PCM/0B97X-D/6-31++G** % I\ 7=, 2 1 IZ MEA (28T 5 (1), Q)DKISIZHR LT, %%m%ﬁ
BICEVEME L AG GHAEE) & ERO(LFREAE D RIS AG (TR 273, =
OFEF, (D TIHFHEMIE TR 55 2 kI/mol DFRETH D, —J7. XQ)ITK 15 ki/mol & 74
%ﬁk%mo%_T\xﬁ%?iﬁﬁQT:/mowf%EL\ﬁm@AGmﬂLfﬂjummm

WIEZ1T->7-, X312 AMP 22O\ T, AG D N I
EIRC R () f&)ﬂb\fc}iﬁs\‘/ilvuyccotém o T RE
SRR DOEALDO TR E T, T OREE. - 30 1 / 1 10
o 25 ¢
%L%ﬁﬁ#é_kwﬁméMtoﬁﬁéa s | o
y ¢ R 3 3 - ° 16
F 2k, 3T IRVTIVRE, MOT w el Lo
SUVHEICR T ARERICOVTLERT DT g 10 | . 14
ETHD, 05 | AINA—F 12
# 1.AG DOFHHEAE - FHIE (kI/mol) 00 6— " v — . T3 0

0.0 0.2 0.4 0.6 0.8 1.0
FHE EEE a—F 40| —

36.05 37.70 3.AMP OLFRERE O v —F 4 7 IRFM
-17.58 -32.11 (o : EBRE, — : FHHM)

[BH&E] AWFFETIE HI BT ORI OB I L 0 et sz, £/, BRIER T
DENATREEZ D O v —T 1 & TRAFNED FRE Z 1R AL TRV 2,

[2E 3R]
[1] Deshmukh, R. D.; Mather, A. E. Chem. Eng. Sci. 1981, 36, 355. [2] Mason, J. W.; Dodge, B. F. Trans.
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Application of functional programming language to quantum mechanical vibrational
wavepacket calculation

(Graduate School of Science and Technology, Keio Univ.) (OM. Sugawara

[F] 55, V7 b TEEDEY 2— Uk - WHIT a7 T v F~OF it &
OEBIZLY, BEEM T e 7T I EENER STV, — T, BHEEHINGE
THENRT7 =< AR T D ERE b, BE#NEHIA 77V REsEe L To—a—
ROIERAPEEINDT-0, H< 2 6H % FORTRAN, C 7 &0 Tt X B SFEEM
ENDHZENEZN, L, ZNOLOSEIIREOSHELEUBTHETA T TV DE
Va—b, BNV R/T A MY = VOFREE WHFHRA~OBEIGM: R EI2B 0 TIEeR
FrRENTH 2 mUTE O, MBI ST —UOREBER L R 3. ATt
LCa=—0 A ERTEEOAEER L CREEZRIET S, 20X 9 R RiEiE
PEAETDD, BEAT A MCEZZEWEZFEEN TR TH Y, ST of
Bpa—FaETL LV ErH 5, KT, B FFRAT T SN EENEEET
&5 Haskell 72 &1Em Yy ZIZET DR ANTDIFEAEEZ T L RA ZITL DA
F v/ THRHTLZERATETHDL E SN TWD[], LLAaRE, ZOrkRBIEA
SREOENMEITM BB RRE I AT ) BROANER & L — KA 7 ORfRIC
&5, FORTRAN, C D X HICFFEAMKIZ A E VICKT 2 EENEREKM I TV D K
IR TR E SFELMH LB A3 R 7 — RIS E UL 2 5 2 &
WZEoT, V=Ra— KR TRAEVICHT DT 7 8AFERSY Y —AEHDiiE
LR ARETH D, Lol Z< OMBEEESTETIIA T Y FHONRT +—v 0 A
WAL DT O SENHRINCHZE SN TV S DI Tidkvn, Zod, BEEMNESE
B RICRI AT 2883, A BV EHEZE DT T 4+ —~ 2 AR b FE R 72 il
JENNEETH D, RBFZETIE, MFRBEEI SR & LT & LTV 5 Haskell 2 A7
BEHREICEAT 2 HACEE T 5 EROMBEORR T EEZRR L, EBRICET NS
FREER BN R & 1 2 7 AFHHEICEA T 5,

[ Fikda] — 72 i 2 A F 2 7 AGHEIE, #2472 R 2 VO COIRBER 7 F L ¢(0)
L TRBEENEWHREBICIHARHBERER FUA) . T2b5
ct+A)=U(A)-e(t) Zf 0K LIEA ST Fhex ., " =[UAD] - e(0) Itk » T
FHINDL, UA)IFAINV =T ATHHORERE, L 3@ Y R ELLHEAT
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#E% #2345 Repa (Regular Parallel arrays)
FA47ZVBEFM LZa 7 RIESEEO
W ATREME © R TRETT 2,
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b c
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Theoretical study on molecular stabilities in water clusters
based on atomic energies using quantum theory of atoms in molecules approach
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[FFim] K17 AL =%+ & T, KEMERY NV —7 L LEREICEET HE
WEGDZENTED. AIFETIE, KEHELGD HELE LT, /15 (MM) §HHEEZ1T- T
INELIR T Y TNV EER L, B (QM) BRI KD T U T VR T D 5
EaHWR 22T, MM BRI, BEEOSWART ooy VEERZ WD Z EREE LW
72, A EVEREMNETEIEICRD D Z ENTE DB RK)E % HWTHi- 72 53R
TV VB RN LT, HFONTCREMEIIR LT, NS T AZ—TIE, sHrfFME
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ZIT, 00, jovy & QUIOE, WISERTH Y, AQ, & N ITZNENE T a OFFAEEM & ihk
WHRF-E—A L FaRL, Avy & AELIZENZENRT b OFERT ¥V EBLGOENE
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Vp(r)-n(r)= 0, for every point on the surface S(r) (3)
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