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Figure 1 Structures of ligands Bx for inhibiting AChE function
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Figure 2 Correlation between binding energies Figure 3 Interacting structure and charge
for AChE+Bx complexes and the distribution density between B7 and AChE residues

coefficient K,y obtained by our experiment

Table 1 Interaction energies (I.E.) (kcal/mol) between AChE residues and Bx

Bl B2 B3 B4 B5 B6 B7
Tyr124 —11.0 Tyri24 -10.6 Asp74 —15.1 Asp74 -31.6 Asp74 —23.8 Tyrl24 -10.8 Asp74 —28.1
Tyr341  —7.6 Tyr341 —9.8 Tyr341 -10.9 Tyr341 6.2 Tyr341 -11.1 Glu294 -8.6 Tyr341 -11.9
Phe295 7.9 Phe295 9.4 Tyrl24 9.9 Tyr124 —6.0 Phe295 9.0 Tyr341 -8.0 Arg296 —11.8

[1]1 K. A. Phelan, ef al., J. Neurosci. 1990, 10, 2699. [2] S. Camp, et al., J. Neurosci. 2008, 28, 2459.
[3]1 Y. Dudai, et al., Proc. Natl. Acad. Sci. USA, 1973, 70, 2476.

[4] K. Kitaura, et al., Chem. Phys. Lett.,1999, 312, 319.

[5] Y. Mochizuki, et al., Chem. Phys. Lett., 2005, 410, 247.
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EREREAERT D, ZHUCE Y LacR 2B EHWZ L EZ BN 5,

—7J7. ONPF [ZHUKMED 7 2 —2%Fio7-, BEOT I /L RFEET, Lo X o el
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Fig. 2 Change in RMSD of amino acid residues  Fig. 4 Schematics view of the complex with
of LacR during MD simulations (black: LacR + IPTG dimer and DNA
no-ligand, red: IPTG, blue: ONPF)

Fig. 3 Change in relative conformation between LacR + IPTG dimer and DNA
in the MD simulation: at 1.5, 5.0, 7.7,15.0 and 30.0 ns
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Figurel. DNA s())/stem including

one unnatural base pair, Ds-Pa.
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[(ZLC®»IZ)

DNAIZ, EVOBREBREZTLET2WETH Y | MIINOBREECEINE & Ok~ 7o BRIC X
> THET 5, DNABEOER O —DITHERN 5 5, HBETHRIIDNAICEEEEM L. DNAZ R
oo raEML, BET 5, 6. DNAOFEMIZHET DEAKIEH L, OHZ Ul E
DI IHNEERT D, OHT VA MTICHEDR TR | FEECIRE., # "7 B Efilat £ <
DOWE & ST %, ZOOHT ¥ A/VHDNA L FUGT % & DNAD) bKFRERF 2351 & k70, DNA
ICHERA U, M0, DAMBORE, BIatREREEZFISEITIERE LD Z &
N, ZNFETOERIZEVHLNIZ2>TWAH[1,2], —FH. OHT ¥ /L & DNAD ik BE4
2 BRI TEILIA AT TV DB, ZDE L NS FFEEZAWEEFHETHY . Z Ok
WEET LUV THL I LIEERIE D 220, OIS DB Z2 B 5 2N TE L, OHT
TN X HDNABRE T 5 FEARE TE D AletErnd 5,

Borx O ZETOFEMI T, BENLBEEOFTICE S BRESFV I a2 b—rva v ik
Z AV, DNA 3t Ofk 2 7o 12 OH 7 U V& EiiE Lo tidE % fcdifk L, G-C ¥t G o
NH, 2, K OYA-T HEEXT D A O NH, ROKFFEF235] i, OH 7 271073 HyO 1278 i
WAERSND ZEZWLNI LT, £2T, AR TIE, AKODFIaLb—rva U FiELH
V. DNA SR E OH 7 U VDO RIEHME OEBEG 4. B2 R OERE LIl K TR
BT D, TORREEIIT, Z OGO KGR VX — %KD, DNA HHEXHZ OH 7 ¥ L)
BOS LTZREZ, ED XD RIS Y Bk, B LV THREAT 2, ZO/RRIEL. o
MEERIZNRIC L 0 . DNA MEEICHIENE 2 BIR O W BB OIS LB 2 D,
(GtEFE]

9. BEERSEER T 1 77 4 NUCGEN % iV, G-C, 2T A-T O 1 Hids & & HH
AR LT, ZOREIENS, Ny V7 R— IR L, BESOAEZG 0 Lz, W0y 7
=2 L OFREEEALIL, CH; 25T v v 7 LT, T ORI OWEL | Ry FiuEsE
1 2" I Gaussian09 O M06-2x/6-31G(d,p)i%: % vy, BE2eh Tk L7z, RIS, 26 oRED
NH, OJEIIC OH 7 VANV ZRE L, BUSHT, UG, M OBSOFHEPRREIZ R 2 F) i
ZERR LT, EOFS, OH 7 UV OFfERIR T & DNA HHEOKEZEE 7M. X ONOH 7 ¥ /LK
FIE1-L DNA HEOERIFTFHOERIX, 77 = 3L OH 7 VIV OGHBEZ R L
Cheng H DFR X [S]&ESBITHE LT, 1ER LT RISHT R OSUGH; OREE . E22d K O
BTk TRk Lz, Z DL, Gaussian09 ¢ UM06-2x/6-31++G(d,p)i% % VN, £EH % 0.,
A B> % Doublet |IZFRE L7c, Fo, HFABTLEIZIX, Gaussian09 @ IEFPCM {E% V-,

RBIZ, 2o OfEEZ0HIRE & LT, Gaussian09 @ STQN #:% FV, SUGOEBINGE 2 8
R U7z, Z£OBE, DFT fHROKMITEE OGS LR Ut a vz, £ Boh & E
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Rz, BT, GBONEBHEEZHHEIC LT, IRC HHEEZETL, £ OENERTE
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Gaussian09 % V>, BEZ2m K ONEFHABLT L O K TR D 7= G-C, A-THHEx & OH 7 Vv
DFJGE/NA L AT RV X —0DZ L% Figure 1 127359, H22 L K CTORERE T 5 & G-C,
A-T BEXFOWEITHK L, KFDF RIS DLENIKE R0 | RS ORGSO FERER D
KFROEE L KiglC EFT5, £72. G-C & A-T HEERO OGRS B = 3L ¥ — % bl 4
% & AT HER O FHAEZEH Tl 0.3 keal/mol, 7KH Tl 1.6 keal/mol /NS <720, OH 7 ¥ /L
T A-THERESE XVRISLEWE TRITE 2, BUE, o T v &St & D FROGHE % ff bt
HFTHY, TNOLORRITYADRAZ —IZTHET L,
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Figure 1 Schematic free energy diagram in vacuum for the reactions between (a) G-C and ‘OH and (b) A-T
and "OH. The results in water approximated by continuum solvation model are shown in parentheses. Free
energies (kcal/mol) are evaluated by UMO06-2x/6-31++G(d,p) at 298.15 K and 1 atmosphere of pressure.

[1]17. Cadet, et al., Free Radical Bio- logical Medicine, 2010, 49, 9.

[2]7J. R. Wagner, et al., Accounts of Chemical Research, 2010, 43, 564.

[3] H. Tomita, et al., Radiation and Environmental Biophysics, 1998, 36, 235.
[4] E. Shimizu, et al., Journal of Modern Physics, 2013, 4, 442.

[5]1 Q. Cheng, et al., Chemistry - A European Journal, 2010, 39, 11848.



4P086

Elongation 3512 LB KR N TR OB E IRIEFHBE L2 DM BER R
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Highly efficient O(N) calculations of natural and artificial DNAs by elongation method
(Kyushu Univ., JST-CREST?) O Yuuichi Orimoto’, Liu Kai', Yuriko Aoki" 2
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1) (a) K. Tanaka, A. Tengeiji, T. Kato, N. Toyama and M. Shionoya, Science, 299, 1212 (2003); (b) K.
Tanaka, Y. Yamada and M. Shionoya, J. Am. Chem. Soc., 124, 8802 (2002); (c) G. H. Clever, C. Kaul

and T. Carell, Angew. Chem. Int. Ed., 46, 6226 (2007).

2) (a) A. Imamura, Y. Aoki and K. Maekawa, J. Chem. Phys., 95, 5419 (1991); (b) Y. Aoki and F. L. Gu,

Phys. Chem. Chem. Phys., 14, 7640 (2012).
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Solving the Schrodinger equation with the FATM-iExg method: Application to
nitrogen-containing organic compounds
(QCRI, JST-CREST) OYusaku I. Kurokawa, Hiroyuki Nakashima, Hiroshi Nakatsuji

[#=1

JRA+ 3D 2l —F 19— TR D A RO 72 S R BN B SR D H 2 & AN AT REZR
PEwmE L T FC 1% (Free Complement, H 158 B BIE) MRES TS [1], order n @ FC 1 H)
%y " 13 order n ETOSEAME ¢ )OS v =Y M C" LEHShD, 2D TR
EUBSGRI6 I3, AREONIMBIE o 2T, {47 ) = {[1+ g(H-E)] ¢<°>} LLTELH, T
DA% R LT R ZBUN DR RS 22 BAE) &7, SREL GOV E FIEE LTIk 7k (2557
15) LY TV TED ZODPERENTWDH, W 55T Order n 2343 12 K& W& FC i
B B T EREZ R B BAEU IR T2, 2O EAZ O EE 1R H(direct 15T 56286 TED
KA LT LRI FROWE BB AR B TELIENEEL, A ITETHE
I FERIGITE 2, ZHUSE LT B BB O EA B LTz, SELW BRSOV T 4E06 KT
4E07 ZZ RS T2V,
[ FiELAER]

AR FORKERITTEITKIE, RFE, EHR BFETHD, FATM 1L, Hx ORIt HEDIE
W72 P ENBAE ) & 70 T RAR DWW EN B A RO D 7= DI S v Te, AR T, £7. &5
EIKFEDOWENS A LSE 9> 7Y U 7Bk > THE L. 0% % AT FATM- iExg 4
IZ K> TEF LB OB A RO T,

FPREHIRTF OB A RO T, BHIETFOPMEEE 0 =152252p,2p,2p, LTHE,
Order 232(/=2)DF, 674 H D58 E B A RS Tz, —M%IZ 1 BB #LE OEVEER /0%
r"exp(-a,r) OMELDLD n BREIRDEBIBAIMUTIEND, 4 84 RSO EEA
LIV TR r IR R 1 BEFBIRICHL Tl a, = o LLCEF ORI &M T
=1.04), ZZ T, BB o 1% Clementi ZHV 7z, IDIZ, 2s #LEZ 1s PLBEEITIEH7201Z,

Table 1. FATM-IExg 75255 NH 43 F- DT 3 )L —

TRLF— (au) Exact D7 (au) H square error
FATM iExg % -55.146 055 7.57x107 0.835
FATM iExg i£ (HERRELE) -55.162 201 5.95x10 0.677
FATM iExg % (R=10au) -55.092 357 3.15x1073 0.097

MR X —D BB E -55.089 2




Table 2. FATM-iExg {£(2X% N, 53 F- DT R /LF —

TRLF— (au) Exact D 7E(au)  H square error
FATM iExg % (Exchange=1) -109.231 118 3.11x10? 3.37
FATM iExg % (Exchange=2) -109.547 167 -4.87x10° 2.01
IEf7e =L — D5 A -109.542 7

2s:rexp(—ayr) — 2s':(1-cr)exp(—a,r) POEIHRAETTe, o7V 7 IR A EDICER
SITFRIZ Ns=3x10fEl & 7=, ZDORFEY 7V 7 SHIZE1F5 H square error OEMN
o (rﬂ)z[ w(rﬂ )/V/(rﬂ)— ] z//(rﬂ) <g Zl= T T VT K r, DI ER UG ( e
=10%), Fric/e o 7V Wty NOREI R A KO | FFOBIELY /&7 H square error &#5-%
D REEIRT D, LV BERIR T 5 F TfTo70, 9758 E=-54.592 319 au (AE=-0.00311 au),
0=0.09308 23541, HEIEIEUT
w =0.2470x1s°2s" 2p,2p,2p, —0.2270xr,1s* (2s/, )2 2p,2p,2p,—0.1958r,1s*2s°2p,2p, 2, +
DIFHNTZ(F of 1ITHIEAL - OIS TND), o7 U TR Ty a2 Lb—F ¢ U T — T
DAL LTV D & WD FJE A2 3 8D V{%iﬁ%‘:ﬁ%ﬁi L7272 Ic b B 54, l//(o) MWAA
B & 720 ALFEMEBEAEL TWD, 1 OFEIZIZZ O EBIE A -,
RIZNH 43 1 O ) B%A FATM Yi%&lcw:kébto JR A% Jﬂﬁ@uBL I E TR ERE L
KSR O BRIME AV, #EA RO BIEIE order=1 EL7=, T5L747H D52 BB AVERKS
A7z, Table 1 \Z/ARL7EDIZ, PHEZ M BEREIC 35U T %L —| X E=—55.146 055au (A E= 7.57x
102), R=10au (233 TlE E=-55.092 357au (A E= 3.15x 10¥) Lk E~70, RIZ 2s T & 2p B D
IRARDN R TR DITEODT0 | IR 2s—>2p DEIEALES &7, ?“éé::nz\/vﬂe ESe
FTe&I, E=-55.162 201au (A E=5.95x 102)&72 572728, FIZA+4r Thd, ZUT B « i &

ZRELTDEBIRE DRV WD THD, ZNHH E O TR E | FEITY BT LT D,

— AT E RIS L, STV DJRELOEFEIC IV AT 2 RO FME L2l iU Zen7euy [2], Lol
< EENL IR - OB RO & F DR D 5 51 TR BB 5, ZOFBIZEL S El
SOk FMbIE%E IEXg 5 EFESS, Table 2 IZRL7=D1E, iExg 5% Ny 2y F 2 L7 f R T D,
DEFF OB DOHE 1| DFTIZLI8 A (Exchange=1), =3/LF —|% E=—109.231au(A
E=0.311au) CH o723, B DA% 2 DFTI7HE(Exchange=2) E=-109.5472au ( A E=—4.87x
109)E720 | FEG =R NF—H LV IELL KB CEI(ZB R IR THNOE T O FMuIE 2T To T
D)o NART— B R DIFSEIZH D INTFE A T HNF —DIZEA LTI R T =0 DHD
THY | KfEREEHL TND, F8FY BITGEHREIEOFEML IR E T2,

LLED I, AWFZE TIFE R ORI B B A K | FATM-EXg 5% WA ZE TR
THOEAED ELH G TELIEIRENTZ, ZO T EE DD T DY a2l —TF 4 T —fR
DEFFREITIEHT 2,

Reference:

[1] H. Nakatsuji, J. Chem. Phys., 113, 2949 (2000), H. Nakatsuji, H. Nakashima, Y. Kurokawa, A.
Ishikawa, Phys. Rev. Lett. 99, 240402 (2007), H. Nakatsuji, Acc. Chem. Res., 45, 1480 (2012).
[2] H. Nakashima and H. Nakatsuji, J. Chem. Phys. 139, 044112-1 (2013).
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Theoretical chiral molecular technology, ChiraSac applied to biological molecules
(QCRI) Tomoo Miyahara, Hiroshi Nakatsuji
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FINEBRSFEMFIY
(ChiraSac)

e

MG Eimam e Licx 77 et

| GaussianZ@ LTz T4AMEa—3> |

LTS (K1) [5], AETIE, & 1. F7 /L8

EAYAN
A 70

THI 177 )

TV B ARy ~EIGHL, CD &
NIV EED DT BRI HONTEERT S,

[ A58 Tl Gaussian[6]ic##isi T % DFT 15, QM/MM
15, SAC-CliEZ Mt & L THW, =AM U4 —/L%& DFT EIC IS
B kL, ZOMEEE VT SAC-CI #£I2LD CD A7 MVAEEREL,
FBRAT ML E IR D2 LD FTV5 T ORI O % e
i, CD AT MVONARELEEARATE  FHAAE ARG S IOV TEE
L7, F2. QM/MM {ETRDIZT A T VA ——T R hua 4

2. TA KNI —L

BROREEEB LI, UV-CD AT MV astHE L, AT VA — VLA T RO EAEIZ SN T

EELT,

[ZXFFVF—N] =R T VA=K 2D " HA &S L & D CD A7 hLVOELL,

ZX 31T, fHRIC L DR EMEED SAC-CI CD A%
7 M, EEBRALT ML E—H Lo 72(K 3(a), —

J7. A=330° ® & &= D SAC-CI CD A7 hLDFERD,

FERART b b BL —H L 30), RERFEEET 2.5
keal/mol &/NS S BEHIZEHRTE %, £72 A=0° & A=330°
DT R)LF—713 0.64 kcal/mol & & HIT/NE W iE- T,
PCM Tt <, A HDITNZ D & ZEMENED D
AREMEN B B,

Table 1. Model of estradiol-estrogen
receptor complex
Model QM MM

A Estradiol None

. All amino
B Estradiol acids (239)
Estradiol +
¢ 18 amino acids None
D Estradiol+ Other amino

18 amino acids

acids (221)
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X3 =& K7 VF—N(E2)D SAC-CI CD A2~ FMLGR) & EB 227 K L(E:[6])

[Z2X " FVF—N—x R buF v
BAEK] = AN T VA—L—x A b
A RD UV - CD 247 b LI
DWTAREHOET VEHWTEREL
7~ (Table 1), =& F T F—/LDIHD
ETVAB) TR, 7 XV BOEMNDE
HIZL->T CD OFENEDLDLIRE,
AT A RIS R E R L 5 2 T
%, UV AT MV OFBIRITZELD
Bihd, —hH, ZA NIV — AR
DT X W 18 A IoET v
(CD)TiE, 72/ BEOEM RIS
B 2 25803/ S, Bev PATe 18
DT I VBN TARNT A — )L L H
HERL, ZOMEZRDTNT, £
LSO T I RIE, =AM T VA —
NOWEIZESEZE B Y G272\ L
DITIND

MHIE, 72 7> ® cistrans &£
PAk & CD A7 R LD RIfRIZ OV T

bRETLTETH D,
[ZE 3R]

1979, 67, 329, 334; Bull. Chem. Soc. Jap. 2005, 78, 1705.
and applications of Computational Chemistry, The First 40 Years, Elsevier Oxford, 2005; p1099.
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[1] H. Nakatsuji, K. Hirao, J. Chem. Phys. 1978, 68, 2053, H. Nakatsuji, Chem. Phys. Lett.1978, 59, 362.;

[2] M. Ehara, J. Hasegawa, H. Nakatsuji, Theory

[3] SAC-CI

homepage. http://www.qcri.or.jp/sacci/ (16/12/2012). [4] T. Miyahara, H. Nakatsuji, H. Sugiyama, J. Phys.
Chem. A, 117, 42 (2013). [5] T. Miyahara, H. Nakatsuji, /. Phys. Chem. A, submitted. [6] M. J. Frisch, et at.
GAUSSIAN 03, Gaussian, Inc. Pittsburgh PA, 2003. [6] T. Takakuwa, Jasco Report, 1995, 37, 38.
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EXEEZERNEAELSSREERHBEEEREDORR : DMRG-MRCI
(FEWER L, Wk 2) OZRRRHEN] 1, A A2, Wit 3 12
Highly scalable multireference configuration interaction theory with internal contraction
of density matrix renormalization group wave function
(The Graduate Univ. for Advanced Studies!, IMS?)
Masaaki Saitow!, Yuki Kurashige!? and Takeshi Yanail-?

7]

%2 IREHE 13, Hartree-Fock IEEUIZEEINBIS (DFT) B2 RN—2 L T 32 HSIHMRIET &
T %, §iVE ﬁﬁﬁaa)ﬂﬁmaxf%ﬁ £ 5. b L SIERME AR (MRCD #IEEIAHBI O &
%63, BINE FHBE O Ic b NN 7Y vy FELTHISN TS, MRCI 13 CASPT2 %2 £ D% %
FIBHEER O M TH 5, intruder state DEEIK L CTHEMENICLETH D, Ao EG 7 7 A 57—
(MRCC) & b b ERLHY » 7 N Th 2412, MRCC IR S L 2 Fp M 1 %2 F572 72\, MRCI 1%
JEE - iR & M T, ARSI BRI SR T 2 HOSHIRECH D, A DFFHE - é)ﬂiﬂ%ﬁﬁﬁi@&@
SR IC B L T B, lE, MRCIIE TR SIS 6 0 —E RO _E IO A ZEET 2512, {16
Yonz CliEE LTOMWED S, REIICHET2MPELEZ R, 7272, WETFHEDMRE o priori &
%1% a posteriori ICID AR T, ZORFBIIBEZICHIETRETH 2 ENH SN 5.2

MRCI #1413 1970 FfRIC Biinker 512 & 0, 2% & DlETIIAZ L5 RK L L TERE s
GEfERIRBLD) . 3 272207 7'a—F Tk, IEEFEEIC T U THREBIZIIC N SV F =7 v ORILHH
KT 5802, IEFIT/NEIBLZ RIS L CORBEHAIRETH > 7. Z D%, 1980 FFRIC Werner 512X > T,
£ a3y s b RZESEIRT D 2 NEHHFIEER 2 F v 72 NEBiEf 8 (IC-) MRCI SEH I N DD,
SA VY=V 2 3V b = 7 UATHIEE ORI 5 RO EE TS (RDM) DA A Al
WL 72 54 U, Werner 512 X 24 IC-MRCI OEHHRE 2 A MMERDOH A R LT 11 FDA—4—T
A=V ER, %ﬂ%ﬂ’]?ﬁcﬁ&% EWHENDICR S o Te, SHE, RODAT—F7 7V ThHhiLEbNTV

2 {5y NERERIRL (PIC-) MRCI T, 5-RDM D il % [AhEE§ 2 2512, + 2 A ¥ & —F )Ll o sk i Ik
fERZE % H\v 2 50 PIC-MRCI AR LR 70 75 Mo én ANEPEGE R IS0 L TEIER IS
FETH 2 FHHI S 1T 2208, FEFEFIZRBLZ -\ T 2 2510, TEEER O R E S LCEHRE 2 2 M
BEEBICRT 5. o T, B AZRDOT A ZIFRoNn 3. 22 THA U, FEEOERBEZ VR WE
ANEHENE (FIC-) MRCI OEH MO, GHHE a2 — FADFEEZ2fT- 7.
(B

a7 7u—F%, £ I Y —FURRICEIT 2NV =7 ATHIEEZ S A L 7 M ICEHETT %
DTIHMEL , LEW 288 U CEE T 2 FHI2K > T, 5-RDM O 3% BeE i s s nbgEnfgg ¢ db %
FICIHT 5. 2 A 7 —F NATHIERICB L TROESEADRLT S ¢

(Wo| EST HE ;| Wo) = (Wo|[ES", [H, Es;]]|Wo) + Eo(Uo| ES" Eg;|W0)

Z T, Egr i3t 34 v & —F Ui E 1 U, 3B % £ 3. 5-RDM 13405 —HO Lok
THHHINTHFG L, 2L LT, NIV =7 Vid418F T RDM %M\ TREEEAEE L 42 %23,
T2 IXHEIZ, 4-RDM Z{ERXD RDM Z W TGEMT %2 (F 247 > Fafl) . RDM OERICIE, fEkikT
JRENT 3 &9 I Full-Cl #4179 D TIREEL | ab initio BIEITHIRE D AAREE (DMRG) a2 HW3.78 %
7o, 707 7= 7)V7% FIC-MRCI A OEH KO, GHH a2 — FADFEREIZ, Feq 23585 L 7T v VLA
74779 FEMTO ZHW T 7572910 fERE LR o 55HE a— FiX, Wi5{k API TH % Message
Passing Interface X U8 Global Arrays Toolkit 12D\ TE D | KHEEIZWFIFETTTRETH 5.



G

Bz 4 D FIC-MRCI &, Werner 5 12 X 2853 Wi#iEF T (WK-, CW-MRCI) & DHRY v 51
(CgHg ~ CoyHag) (XY 2 FHREIFE DK% /RS, £ TD C 2p, W ZIHEMWIEICHE L, H KO C 1s
B frozen & L7z, B PER#EFT MRCI G152 1E Molpro2012 %= A7z, ¥ 7z, FIC-MRCI /> S )L F
=7 VORFITIE, ¥ 247y Mz (cu(4) . WK-XO CW-MRCI i, JEE#LEED D 720
AFITIFIEE ICER T H 223, TEETLEE ORI > T, IHBEIBICEHER S KT 5. 20—HT,
F4 D FIC-MRCT 3 IFMEFIEEE 2 F > Tz n i, G22I O RIS L TEHANIC A r — v S 5.
ZOFERE LC, MO T 70 —F 2SR 2 4 X ORISR LT b, BN 2 iR <R
BATIHECdH 5.

KIS 2Ry F2—2 L LT, RICEL 74 ) 1D Sy — T REMDZ 2L X —#%RF. CW-
MRCIGHE T, K7 4 ) Y1032 24 O n WEDOW, 8 D2 iHMEIEICEE L 7. — T, DMRG %
R—2Z & L7 FIC-MRCI (DMRG-MRCI) #H5TIE, & TD 7 B « §uE 2 imrE2ericiE L. |,
C, N 1s i 1% frozen & L7z, 8 WiEE 7L CIE, EHEZ 0.2 eV FREDEKGHG T 2 F2VH 5. —F5T, 24
WHEEO LA T, KE S ICBT 2P EEZMIET 2 (MRCI+Q XU ACPF) T, Hillfi £ DIEH
WKROW—EDBRONZFEIHS. 22 TIERL Ty, g D DMRG-MRCI ORI, Sk EHERHT
HHIHEY TANVBOMEME SR —HT 2 H2MERL 7210 %k, SBUE, AL 7 4V v (Compound
D BT 25HREFETRTH S,

Method Basis set So / Eh To / Eh AE(So-To) / eV
CAS(8e, 80)
CW-MRCI 6-31G* -985.264 078 -985.199 718 1.75
CW-MRCI+Q 6-31G* -986.023 128 -985.958 101 1.77
CAS(26e, 240) with the DMRG
FIC-cu(4)-MRCI 6-31G* -985.410 545 -985.358 663 1.41
FIC-cu(4)-MRCI+Q 6-31G* -986.504 297 -986.447 988 1.53
FIC-cu(4)-ACPF 6-31G* -986.581 052 -986.524 167 1.55
Experiment - - - 1.58
[SCHi]
1 F. A. Evangelista, and J. Gauss, J. 1.0x10°

Chem. Phys. 134, 114102 (2011).

2 P. G. Szalay, T. Miiller, G. Gidofalvi,
H. Lischka, and R. Shepherd, Chem.
Rev. 112, 108 (2012).

3 K. J. Biinker, and S. D. Peyerimhoff,
Theor. Chim. Acta. 35, 33 (1974).

4 H.-J. Werner, and E.-A. Reinsch, J.
Chem. Phys., 76 3144 (1982).

5 H.-J. Werner, and P. J. Knowles, J.
Chem. Phys., 89 5803 (1988)

6 K. R. Shamasundar, G. Knizia, and H.-
J. Werner J. Chem. Phys 135, 054101
(2011).

Polyene;CnHn+2 / CAS(ne,no)

1.0x10°

1.0x10*

1.0x10°
-&-CW-MRCI

-~ WK-MRCI

Computational time per iteration / sec.

-8-FIC-cu(4)-MRCI

7 G.K.-L. Chan, and M. Head-Gordon,
J. Chem. Phys., 116 4462 (2002). 6 8 10 12 14 16 18 20 22
8 Y. Kurashige, and T. Yanai, J. Chem. Number of the active orbitals (n)
Phys., 130 234114 (2009).

9 FEMTO :: AN INTEGRATED TOOLSET

For THE AUTOMATED TENSOR GENERATION, VERSION 0.1.0, M. SAITOW

10 M. Saitow, Y. Kurashige, and T. Yanai, J. Chem. Phys., 139 044118 (2013).
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Density matrix renormalization group method for prediction of
hyperfine structure

Tran Nguyen Lan,' Yuki Kurashige,'” and Takeshi Yanai'?
'The Graduate University for Advanced Studies, Okazaki, Aichi 444-8585
? Institute for Molecular Science, Okazaki, Aichi 444-8585
E-mail: lantran@ims.ac.jp

Despite all recent progress, the accuracy of hyperfine coupling constants (HFCCs) is still
challenging for quantum chemistry. In this work, we have performed the density matrix
renormalization group (DMRG) calculations to predict the HFCCs of several m—radicals: BO,
CO", CN, and AlO. The DMRG algorithm used herein was considered as a near full
configuration interaction (FCI) method and the electron correlation effects were
systematically investigated using the complete active space (CAS) procedures, i.e CASSCF
and CASCI. The geometry of radicals has been adapted from experiments. The EPR-III basis
set was used for C, O, and N elements, while the IGLO-III basis set was used for Al element.

Although the HFCCs of BO and CO" calculated by conventional methods, i.e. density
functional theory (DFT) and coupled cluster (CC), were already in the acceptable agreements
with experimental values, our DMRG calculations have pushed the accuracy of HFCCs
further. For CN radical, our DMRG calculation has captured the high-order effect of
correlation treatment. Regarding AlO radical, our DMRG calculation properly described the
multi-reference problem resulting from the balance between ionic states. Therefore, the
HFCCs of C center in CN and Al center in AlO are in the good agreements with experimental
values.

Concerning the CAS-type procedure, most CASCI calculations provided the poor agreements
with experimental values, while the quite accurate HFCCs of less electronegative centers can
be found when the orbital optimization procedure was employed with the same CAS. These
situations can be attributed to the nature of one-particle bases in which the DMRG
calculations were performed. The canonical Hatree-Fock (HF) orbitals were used as the
orbital bases for the DMRG-CASCI calculation. Whereas, the DMRG calculation in
conjunction with CASSCF procedure was performed on much more compact orbitals which
were obtained through orbital optimization procedure.

In summary, our results have confirmed that it is critical to correlate the core electrons to
correctly obtain the spin density at the nucleus. Additionally, the inclusion of polarization
shells is necessary for describing the dynamical correlation, which makes the proper spin-
polarized effects. Finally, the assessment for the convergence of HFCCs with respect to the
number of renormalized states M indicates that the acceptable result can be obtained even if
total energy is not converged with respect to M.



27 Al 170
Methods

(K:0) (K:d) (K:d) (K:d) Ko) AKd)  AKd) (K:d)
A All A22 A33 A All A22 A33

DMRG-CASCI(21e,360) 71091 -4645 -46.62 93.06 1.82 4498 4489 -89.87
DMRG-CASSCF(21e,360) 722773 -54.19 -54.09 109.28 15.06 50.73 5043 -101.16

B3LYP 51221 -59.97 -59.97 119.93 8.17 6622 6622 -132.43
TPSS 656.79 -56.10 -56.10 112.21 952 5991 5991 -119.83
BP 653.71 -56.86 -56.86 113.72 1421 59.60 59.60 -119.20
CCSD 48240 -57.20 -57.20 114.30 18.10 63.80 63.80 -127.70
CCSD(T) 56530 -56.20 -56.20 112.40 1930 5890 5890 -117.80
Exp — gas-phase 738 -56 =56 112 n/a

Exp — Ne-matrix 766 =52 =52 104 2 50 50 -100

HFCCs (in MHz) for AlO radical. The IGLO-III and EPR-III basis sets were used for Al
and O, respectively. The total number of AOs is of 84.

0.7 T T T T T
— DMRG-CASSCEF(15¢,330) Al

0.6 [ --- DMRG-CASSCF(21e,310) 7

M Energy (E;) AK:) (MHz) A(Ill<;d) (MHz) 05 -+ DMRG-CASSCF(21e,360) i
128 —-92.570835 576.80 -53.18 g 04r h
256 -92.575539 563.79 -52.97 ¢?—V

3 0.3+ b
512 -92.577510 561.95 -52.92 Q
1024 -92.578114 559.44 -52.86

The convergence of total energy, Fermi
contact term, and spin-dipole term at C

center (CN) with respect to number of z-axis (a.u.)
renormalized states M. The active space is

CAS(13e,300). The EPR-III basis set was Spin density distribution of spin natural
used. orbital (SNO) with largest spin

occupation number of AlO radical. The
geometry of AlO radical (in Bohr) are:
0(0.000, 0.000, 0.000) and Al(0.000,
0.000, 3.057)
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Large-scale Computational Method with Simultaneous Inclusion of

Relativistic and Electron Correlation Effects
(Advanced Science and Engineering, Waseda Univ.", Rise, Waseda Univ.?, JST-CREST?, ESICB, Kyoto Univ.*)

oMasahiko Nakano®, Junji Seino®, Hiromi Nakai'*

(F] AR OLILRE LR A D ERBERE TR EZ FZBRT 57-0100%, HAEmzhE & E B2
REFRFICEE L HIEROBBNNAEL 70D, £ I THAIL, m%fﬁzm YED DT H % HER
7 Douglas-Kroll-Hess (IODKH) #2353 < 8 F /"3 /b k=7 (IODKH/IODKH /3 /b h =7 )M
WZHEH L CHMBAR 2T CE 2. TOHESE, IODKH/IODKH /N2 v s =7 > & v 7= Hartree-Fock
(HF) BXOEFHEFEIZBWNT, B35S 100 @2 28EEICH L TH, 4 5% /ii@%‘*%%m
HEICHETE bR LM &0, MxdwmEORFEZFM L RfT2=4% U —
o (LUT) BE2BE%E L, i v b =7 BRI BT 2 3R 2 KIEICERET 5 & &b

B 7Y — LUV TR R & RS0 a2 FTHETE S5 Z L 2R LTE B

AT, Xt/-ﬁﬁﬁﬁ@%@@g%ﬁhﬁXHVWﬁﬂiw\*7V:%6% T
MR 2 TEE L RBBETRIEZRET D, T00itiE, QAL URGE NIV F=T VAR
OEE kL, @b 5D AV MNRIFHE T2 RKBLTX 5 HF 38 X OVE THBBR~OILTR, @KBUSEHE
DI=D D5y EIREE (DC) EEHE LI-BmOMBALE LS. OLQDBRZIX I VE TN H#H
HLTWAHTDE ABIZETIE, b DMHAZQ LA TRERERA~ILE L.

(3R] AWFIETIE, IODKH/IODKH NI L =7 N EENDH A ARIFIEIC L Dalf A B DR
DOWFRAZBYNCRKILT D701, —BIEA U HuE (GSO) % v 7= — i bIEHIFR HF (GUHF) {53 X
O GUHF I Ehs 2 2 R E LB TR Z R & 3 2. AR T, ETHBEIC OV TORIRRD.
GSO % /= DC BBHHBEE T, @HiE & RRIC, MBI XX —E . & on 2K a 850
INE RISy FSITAEIL T, MBI R L X —ES L DR 24T 5 8

{subsystem}

Feorr® ). Eon @

S
Z 2T, GUHF EhREEE SR L L= — i b IEHI R MP2 (GUMP2) fHBS =1 /L ¥ —ES 1%,
{occ(s)} {vir(s)} {a,B} C(s)

Ecsorr:% Z Z ZZ( )(#algubb)(tuab l]ba) (2)
B ab w n

ERIND. T27EL, §ijiZ IODKHIODKH NIV b =7 > O ZFEFIH, C)ITHMIRsIZBT 2 MK
B OES, ja = (ailgiy|bi)/ (e + & — eq — &) IZ BRI, C3 L Ue ‘i%zh/oh GUHF 7
5ELND MOBREB L OHLUET XL —TH 5.

K@) E EN D MO Fi5r(ialgi;|ib) i, 3F*H><T L AERIZ AO T4 (uv|gij | pr) DR I K > Th-
Z bbb, 7272 L, I0DKH/IODKH 7~ v k=7 21 Pauli 118la % & Tekk 4 722D A & ARTFTH



BINEENTRBY, TnENOBXIG RO EROFEEET S, flziE, A —il
) {a,p} (A0}
Galoy-2ulib) =5 ) Y (68) € (€)' Chywllwlor - 2] IpA)Seo ®3)
ww'tt! pvpl
EERIND. 2T, Q1% I0DK IEIZEA OBLE A ES BT Y T HHE - ThH D.
& 51T, AE)ITHAL D IODKH/NODKH IZH:4T D (uv|gij|pA) e 2Tk, AO #8453 (pq|gijlrs) 0= =4
U —Z28 8 (FEXERIIZER) (X > TAERS D, fMRERIRO RFTEIZE B Lz LUT 35O F T,
U;ApAUquB(pAqB|g\ij|TCSD)U;cch/1DSD (A =B=C-= D)
(uv|gylp2) = ('uAVB 1

4
— pCAD> (the others) @)
ij

LEEIND., TITC, Ulda=%Y—E#IT5%EHE, ABCDIIEEMBORT IR F4RT. T
rbh, FEXEREET P OESICOREA L, EEE IS E TSN D B RS IR R 72
Coulomb HHCHEEIT 5. K@D L H T, 2= U —FEHITANOFT IR L THNIZER S ND T
0, FARGRIZEHROFFE 22 ME, RRICEENIFEFEICH L THIEL 2o T 5. EHICRQ)D
EOICEN R L DBEFHBET AN X —2EHRT D LT, BEHHBHASEICETIHE=A MO
BIEA G —V v T HFERTED.

[#2] Fig. 1 1T, (HF), (h = 10, 20, ..., 100) @ 100000
(DC-)GUHF 3t & ¥ LY (DC-)GUMP2 #HHICHE L 7=
CPU W1 2/~ Z DK, LUT-IODKH/IODKH /~ 3 L 10000
k=72 %M\, DC-GUHF DNy 7 7 fElgIT /£ 4 5

53, DC-GUMP2 IED Ny 7 7 iildid A 2 5 & L § 1000

7=. ¥7-, HEIEBI%ITIE, DK3 basis set A L7-. _GE_’

GUHF 5 L T8 GUMP2 350 =1 % MEZ N Zho(n®47) & 100 O(n-"®)
étSJ:‘UK‘O(n‘L'M)VC“XDé@@Cﬂ’ L, DC-GUHF & X wiede-- GUHF
DC-GUMP2 50 = 2 I Z4LZH0m76)$ £ U " o oseun

—&— DC-GUMP2

Ot L7 o7z, & 51T, DC-GUHF IEDEHR =2 A | 1
&, EEZERE (FMM) 28092 2 & TomE T 10 100
HIBY % 2 £ 73°C& 5. 977255, LUT-IODKH/IODKH- Fig. 1. CPU time for calcul;ating GUHF and
DC iE& W5 Z & T, post-HF (k& & w2 TOH
WRIZEBNT, WM RE B LB A r—
U T OZEMDATREE 72 5.

GUMP?2 energies of zig-zag (HF), chains with and

without DC method (in second).

(&£ X#K] [1] J. Seino, M. Hada, Chem. Phys. Lett. 461, 327 (2008). [2] T ¥FIEEE, WEirE ], T HEE,
HA L F2 5 92 HFRFES, BIEFRE KT (2012). [3]J. Seino, H. Nakai, J. Chem. Phys. 136, 244102 (2012).
[4] J. Seino, H. Nakai, J. Chem. Phys. 137, 144101 (2012). [5] J. Seino, H. Nakai, J. Chem. Phys. 139, 034109
(2013). [6] M. Kobayashi, Y. Imamura, H. Nakai, J. Chem. Phys. 127, 074103 (2007). [7] R. Zalesny, M. G.
Papadopoulos, P. G. Mezey, J. Leszczynski, in Linear-Scaling Techniques in Computational Chemistry and
Physics: Methods and Applications, (Springer, Dordrecht, 2011), pp.97-127. [8] M. Kobayashi, H. Nakai, Phys.
Chem. Chem. Phys. 14, 7629 (2012). [9] T. Tsuchiya, M. Abe, T. Nakajima, and K. Hirao, J. Chem. Phys. 115,
4463 (2001).
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Relativistic geometry optimization for heavy-element compounds
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[(¥65] tHxmmsh L, EHbFEREZ AW B LR LAY OREREIZB W T, i%&%f?
b, TOMREMEICEETEDHTIELE LT, MR RT > vy v E W2 H 2N
¥/ (RECP) {ERET NV AT RT ¥/ (MCP) IERHDH, ZNETIZZNDDFIEICE
DWW HITLFELAEM O ER B AATONTE T, LML, AT v /WEIC L D555
FOBD ORI S TRV, ZHEFOMCT HIC1E, SEEMEE AT Dm0
HEFEEZHAWZETH LAY T 5 REARBERENRAIR Th 5, Fx T E THEIR
& Douglas-Kroll-Hess (IODKH) (&[N C @t =% ) —2Z4#1 (LUT) Z#lABbEs 2 & T, &k
JEP ORISR =L X — R FEAE L TE2[2,3], SDICAEVIEEKSE (SF) NIV =T
> % DT SEAT OB TE D BASE BATV ., BRMERRFEDRE H. 4 B FIFRE & FRRE ORSEE oI
FEXTFR & R OFH R CRAE R FIETH D Z L AR L TEZ[4], AWFSE ClItkx 7ok - &
TLRE G I, Fx OFSEHRR AR T 26 WITxt LT, LUT-IODKH J£12 35 < Aot 5 2
179, ZHUT K VHEEIZRIT D2 MRERRICB U CGEZR MR E2 S5 2 L2 BEET5, SHIT
FHILRTIIAE KT (SD) 2R LEETH D & THINDT-D, SD NIV =T X T 5
ENTHI A FIEOBR 1T 9. ZOFEEZ AW R 72 BUEREEIZ L 0 . SD IR OHEEIC
X LHEEZHSNIT D,

[#i24] SD-IODKH 3 /L k=7 %4 % Hartree-Fock = %L X — OB HII S R BUZLL T O
B RAS A NN

[210)

& (ucu ah v o' YT ¢'(0¢VT ” q) 60'40 TV (o} (‘”" 1
DWW [j ZZDD[<‘ aR”>] +zzzD[ j<>
,0" 1,y l A

T, 0 WV, AP w,0" uyv i

CITEIFRETRILX—, RAIFEA A DEFERE, o, 0,1, I3 A E B, DITBEETH, hitl
BINAINE=T 2, PIXZEMBE, Ve MBIV — g3 VX —, SITER
DT, (DIX SD NIV F=T SN TN DH T, AT DR Z 522 H
DERE, aB XU A VOB L EMELEORFITCREND, —FH, SEANI V=T D
BAIE, AV EBLSEAHA DG ENRNTZOAE L D FHZHIRT 5 Z ENAETHD .
ZEELE ORI A TR EN D, £/, LUT-IODKH EICBWT, (DD 1 EF IV =T
FTBI WSy Oh /OR, IZIRD X 51272 5,

0
2 vl =5
ai (70" |22 = 82 (7T + ¥ Vi Y Ve Y VP8 (4#B.R,s7) P

NgA.B NeAd,B NeA.B

0

aR <Zﬂ‘TNR+ZVNR

z0) (A4#B.R,,>7)




Z ZTTWIIIEMAEE (NR) OFEBE= R LX— VVIEINROE—BTHRT v/, VWEBXIOY
VI AR SN — B RT3 v/ (SF: SF R4y, SD : SD #343) . 4, B IZER5 %

(Z Z TR &3 5) ¢ ITHREBI%L. R 1R T AB MOMEREZ £ T, £7-. o 1XHEHEOR
E CHIRFRAIC AT DEIPHAIRE L, 35A L Lz, 22T, RQ)D2THD VY 20 DEFAIC
SFEMR L 72 5,

[FEF & 5%2] Table 1 1255 4 AN G5 6 AW £ COEBBERZ & & BESHROE T 2 —X
R Z LR T, XY I3RS X LR Y OfE AR, AMFETIINI V=T L LT
FEFExHER (NR). RECP (SDD), MCP, SF-LUT-IODKH #% V>, #H8 L~ULix B3LYP & L7z,
NR 3 X O LUT-IODKH Tl ERI & L CIEMEKI DKH3-Gen-TK/NOSeC-V-TZP % H\\ 7z, F
72, RECP T35 3 A £ TOHR DR L LT ce-pVTZ Z M7z, Ar I NR 225 DFESS,
DF VMR O AR~ DR AR, ZOREND . MCP LS, xR R L ZE LT
FETET X THEEHENE 220 | RE SO E & b ITHITRIRORENKRE LD, FF

\Z 12 1% (Zn, Cd, Hg) TiL, RJEHEOMOE & A TREEITHE GBS < 725, F72 RECP,
MCP, LUT-IODKH TiZ, A85ARICx L THGRIROF G OREN RS, 72005 4 JAH
LTI, FEAHEEDESD 0.005 A BRELIZIE—EHL TV D Z &b, MAFRIROTFH TN
THOFIETHRBETH D, F 5 BAHITERTIE, BESHPRELRDITHONT MCP &
LUT-IODKH D75y N K& < 72%—J, RECP & LUT-IODKH OZSMFE—ETH D, £125H6
JEH 5T ClE, MCP & LUT-IODKH OfE A EfED 755523 0.01 A Fi £ T Y . RECP & LUT-IODKH
DOFEEREBED 723 3 ik KT 0.005A THH, G HIZZ N D OREREFBEHRXOB RN D HELEL
ED XD ITHRFRNRBEZEL TV DO ZiEmT D, S OICERRINICE LS B2 nFia v
T, SD R OE KT D F GOV T hiEm T 2 TETH D,

Table 1. Geometry parameters for transition metal complexes calculated by NR, RECP, MCP and LUT-IODKH at the
B3LYP level.

Period G Complex  Paramet NR RECP MCP LUT-IODKH
€r10 roup omplex arameter . A - ™ ; v
4 4 TiOCl Ti-O 1598 1593 (-0.005)  1.601 (0.003) 1595 (-0.003)

Ti-Cl 2.239 2.232  (-0.007) 2.237  (-0.002) 2236 (-0.003)
8 Cr(CO)g Cr-C 1.926 1.920  (-0.006) 1.931 (0.005) 1.920  (-0.006)

12 ZnMe,” Zn-C 1.958 1945 (-0.013)  1.933 (-0.025) 1.942  (-0.016)
5 4 ZrBr, Zr-Br 2495 2495  (0.000) 2494 (-0.001)  2.488  (-0.006)
8 RuO, Ru-O 1.693  1.682 (-0.011)  1.687 (-0.006) 1.681  (-0.012)
12 CdEt?Y Cd-C 2201 2.153  (-0.048)  2.171 (-0.030)  2.158  (-0.043)
6 7 Re(CO)sBr Re-C (Eq)® 2.077  2.023  (-0.054)  2.004 (-0.073)  2.022  (-0.055)

Re-C (Ax.)s) 1.995 1.944  (-0.051) 1.929  (-0.066) 1.944 (-0.051)
Re-Br 2.703 2.656 (-0.047) 2.633  (-0.070) 2.652 (-0.051)
8 0s0y 0s-0 1.737 1.697 (-0.040) 1.684  (-0.053) 1.700 (-0.037)
12 HgMezz) Hg-C 2.247 2.123 (-0.124) 2.111  (-0.136) 2.118 (-0.129)
" Difference in bond length from NR. Y Me = CH;. ¥ Et = CH,CH;. ¥ Equatorial. 3 Axial.

(%7 3R]
[1] M. Barysz and A. J. Sadlej, J. Chem. Phys. 116, 2696 (2002). [2] J. Seino and H. Nakai, J. Chem. Phys. 136, 244102.
(2012) [3] J. Seino and H. Nakai, J. Chem. Phys. 137, 144101 (2012). [4] Y. Nakajima, J. Seino, and H. Nakai, APCTCC6,
PS5(S-B), July, 2013.
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Refinement of local response dispersion methodtarfdnctional dependence
(Advanced Science and Engineering, Waseda YfVSE, Waseda Unf. JST-CRESY, ESICE)
Yasuhiro Ikabath Hiromi Nakat™
(=]

WA, BEENBEPERIC L 29 WA EH Ol 2 B & U THEA 2B EIEDN R R S

TW5, SFeETH% L CE L RANNESBILRD)EN L, ROETHEN OB EEE
FHARBRAIC A D 0O MIIEIE T 5, LRD 5% LC-BOP LR L lABLED &, KERE,
nin AL XY, TIONNE A~ kiS22 ISR 25 A IER & SRS IS T
%%, L»L, LRD ?ﬁc:ié%}ﬁ@ﬁﬁkﬁfﬁ& WARFHE OB AR ShTnal S5z,
LC-BOP LB & DM AEDETIE, D FNOFHWHAMEHCE RN 2 A 5 RITKH T DRENAR
+THHERESNTVDEHT, 2 2 AR TIE, ORI E K0 EMIC RS o OY R
R L, TAUTHESW TULBEEE M 2 T Lf:ﬁ%%%‘éi‘%ﬁ“éo

[#R
LRD JEIC K 2 0 BAMHIET 2 ¥ —iF, “RFHOFEOME LTRAD LI ICEA BN D,
d|sp ZZ Rab Cab[a] fd(:r%p(Rab! [O’]) (1)

n ab
ZZT, n=6,810,TdH Y, RyplIHTMHIEEHE C®ITWBINREL, foampld & > B 7T H
Do SIHIREBIT S TR OFENRF MR o (KT D,

a /; r
@)= dfwa(r)wa-(r)ag(ﬁ—jdx TR, () IR, (F +R, ~R,) @
ZIZTI=1,2,, —l<m<|I THY, W TR EIBIE, RnIEEKFRFETH D, wold 77
< B BR DR BRI G 5, 2 4L E Tl van Voorhiss 12 k2=
o) :%kﬁ (L+25%) @)

EBRHL Tz, 22Tk =@7p)"?, s=|00//(2kp) THY, M ITREBRN AT A—=ZTHD, £
7o, Zrer 7B

fd(:rzwp( R [a]) = eXp{_n—_L‘r(&b/ﬁ[a])_e} 4)

& LTV, ARBFETIE, miROSBIMRE OB KRG Z 15 < 72012, RAD L 912 wo % 1ITHK
FSELRICEFE LT,

afoo(r) = k2(1+ +| xszj (5)

Cofa2iZ | = LOFERMNLELN LD THEQ@)EXG)NLFE—DFER LD, ZOETILEN, X
VLB E nITIRTFELRWE, T72bbR @) Tn=1¢ L2bDIZEE LT,



[$fERRGE 1 : 8TIFR%]

T A ZBARIZxET 5 LRD JEIZ L D CofREDMERIFAENB/NMI72 D L9 L ERELT, @ik
Doy A (), KENTHESWTEHRE LT, ff% Table Licwd, XG)2HHT5Z & T,
SCERET N5 Cs, Cofffiae 5252 LTI LT,

Table 1. Dispersion coefficients of rare-gas dintdrined by the LRD method.
The LC-BOP functional and aug-cc-pVQZ basis seiewesed.

Ces(a.u.) Cg(a.u.) Cpo(a.u)
LRD Ref. LRD Ref. LRD Ref.
conventional present conventional present
He, 1.558 1.461 31.82 16.77 14.11 594.1 155.8 183.6
Ne, 6.336 6.383 174.93 100.85 90.34 4388 1355 1536
Ar, 61.21 64.30 3063 1931 1623 134676 49780 49060
Kr, 119.2 129.6 7436 4771 4187 401372 154672 155500

[$fERRGE 2 : HEERA= R ¥ —]

POHAERH O F~—7Fy b THD S2212%F LT, LRD &2 W< O OE IR EILE
BEMAGDOE THEERAZ I —23H Lz, ¥V TBERICEEND T A =2 135N
A BEROMEER =RV —2HETA2L9 74T 47 Lz, 22BEOZROZNETHIZD
T, CCSD(TyeaREMR 2 5 D755 % Figure 112773, LC-BOPILBE% A K L 7= LC-BOP12
DFRIZ B WS & 72 o 7273, CAMB3LYP, wB97X & MP2 X U EJHkIFRZEN /N S UWEER & 7e o
oo Fo, HBAOEEROZRTITMEAGOELNEB T LICRERENE L, H RIS FHEA
TERCEM 2 /T 520 R L RET S,

60 .
40 |t Hydrogen-bondec:ﬂ

Dispersion-
dominate

20 |

0

-20
-40

-60 —CAMB3LYP+LRD
——-wB97X+LRD

=O=MP2/CBS
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-80
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Figure 1. Percentage differences from the refer@meeaction energies of the
S22 set. The 6-311++G(2d,2p) basis set was usabldddFT calculations.
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Static electron correlation treated by mean-field electronic structure
calculations with pairing matrix
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(=]

BB SRR S° Hartree-Fock (HF)JBhBIE 2 %8R & 3 2 A IE IREEE R 1T, £ <
DALFBIGAF L L, B Z D TE 7z, Lo L, #lE OEeME RIS > TH
CHHME T Z VAT Z ENTE R, 2O L) REFHEL. EBSREEZ S0 1
BEBIRKE - REER 72 & OHAEE D DEEN -G CIIAENICKRE RE 5 E Lo, FHNE
THEBEZ BV iATr FE & L Tid, CASSCF 1EXE il #iRatk (= I+ ) #HWS Hik
[1,2]D L 9 72 HllE SCF Ea_X—R L LIZHEmMNBEEDOERTHD, L LT T,
Hartree-Fock-Bogoliubov (HFB)£75 Y = X F VAL B B4k & IR A I8l L 72 i B A & 5
25z 2:75% HFB (£ CEA SN DT 17514 W - i R BFH RIS R e £ - T
%[3,4], ZETIE, TDOUEDTH D ceorrected HF (~CHF) = /L X —IL B4k & V-
i@%ﬁé?% BEIR OMERRZFHME L, E7Mri— 2 — AR 25 LD TRET 5,

[(-:CHF =L —ILBE% & = DIHERE

EREHERL - DI BIG IR CTd D HFB 1E°, B EATHINWLBIE DO NS0 b8 &7z CHF =X
X IR DU FE-SW T, Staroverov & Scuseria 13 (-CHF =RV ¥ —FR AL L72[3].
B D (-CHF = /L¥—(%, ZEffuE 2 AW TR THE 2 b,

Eowr(¢) = Z{Zhﬂv ot 2 (2{uv]Ap)=(uv] p2)) PR, ~¢ {uv] 2p) K, ]} )
ZZTP =<‘P|avaﬂ|\P> T RDEEATIITH Y | KW=<‘P|avaﬂ|\P> IA_TATHN LTINS,

T Y 72N T A—=HTHY, (=-1DLEXITIHFB =R LX—L, (=10 & &L CHF =x/L
X—b—8T5, ZOZFLF—%P & KIZHLTESMICKRDLDN FCHFIETH D, =
O OITHNEZE L, HFB 1L L kg, LLTF O -77.80 . . . . :
—=—HF
TR Z TR b 5 MR T HLED 5 785l —e—CHF
' —A— CASSCF(2,2)
DNV AW --B- CHF (£=0.90)
F -77.90 | --®- (:CHF (¢=0.75)
F oA\ X)_(s 0)(X 80(2)
AT -F)\Y 0 SNAY)LO 77951

B & L, 1ICTF Ly CH B F 0D

CHEMAESRERIZNT AR T v LR
X —ih#R 2R3, HE 35 TI A 2% 90° -78.05
DEZAHTHORAREL LD Z EDBME 78.10

AL TH Y . CASSCF i£72 & Tty F-AHE °
ZRVATZ LI ZnndiESND,

Energy (E,)

-78.00

30 60 90 120 150 180
Dihedral angle (° )

Fig. 1. Potential energy curves for C,H, rotation obtained
by HF, CASSCF, and ({-)CHF calculations (6-311G**).



CHF VEIL. PSR Clk HF 2 52 208, HERBEN 5125 T HF 5L D RV L
X—%2525, 0°THEOLNRERAEOND OO, HHEFHENERICRED Sh, =%
F—ERENE L HHINARW, ZE LW CDOEE WD T I D 90°fHUT D ik o A Z @Yz
WET DI ENTEDLZ EBMERE NI, XTITHIE AW FEC L D=L F—0UEEE L
TIE, 1E2NT HFB BB X L TR A ER S 2 HIEPRIRE SN TW 5 [5],

[(-CHF BT 2 =1L — 4]
(D)RD (CHF 2RV F—ZJFAAEE T T2 2 LICE 0 = XA F—ARELLTDO LD
WICREDLZ EDBPND,
oE oP,, oK,
%:(H-F force)+2ﬂzv[Fw 70 —¢A,, 0 j
Z Z T 1 TEIE Hellmann—Feynman (H-F) /1 CTH Y . 5 2 R -HLO R ERBURBIC LY
L% Pulay 1 THD, QDFHENEER FHLEDERZSFEELHNS L, BRI TD LD
REHERATRED Z L¥bhoTz,

oS
e (6) _ (H-F force) - 2> "W, —*
Q w

22T W T HF B =R F—AEUS BT 5 TRV X —EBAM S BETIITH D, (4)
LTI HF AT ATH & CITKFT 2R 5 b OO, Pulay ORI HREEIZKTT 2 6
DL LIRS, W

®)

(4)

X224V T CyHp 7 7% HF L, O\J . ! .S N
CASSCF {5, (-CHF ik Cidimamib L7z 155 - - -
HO% CCREGEIET 1y ML | el Do
BAHT RHF ERRE B KX <, fE0T AT CHR(E=100) < CAS(010)
CASSCF %, UHF IEDNEIZ/NEL 720 T sl ]
CHF £ TITRAHEHENIZIE —E Lo S
TLE 9, CHF I ClIfuE TARB &3l & 1401 T
RIS A7, FERIEL L IisE gt | _
ZLnbinG, OB, ¢ ZEAT

z):EQ:J:OVCEﬁ%L\ 1&@%)/J\él/\ 1300 | | | |

; N 2 4 6 8 10
£ %D = & G, UHF 150 CASSCF 15 position
(VR DT DD 2 EBMEDD D Eig 2 optimized C-C bond-lengths of CoHy oligoene
ni-, obtained by RHF, UHF, CASSCF, and ({-)CHF

calculations (cc-pVTZ).
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CATa vy MIMETEE R T X ) A RTHDN, 4 SUEONE, fMHxamahE, B
MBEOEENLETHD. R4+ DyF ORJERAEIT Kaledin 5 OHFZE[1,2]IC LV,
Dy (4f°6s)F (2p%), Q=75 &£ SN TV 5. (QILFETORAEE RO/l . ) Dy (4f'%6s")F (2p°)
FLiE DS B9 5720, Dy #5550 4f, 65, 6p HEL D EHOBFRELBET 5 LNEETH
. 4 R FERERICEED < CHIEIC KD, 3.0 eV LA F Dbt K% 3K, f-shell Omega decomposition
HERAEEA L OiREDIRBEZITY. UL, CIREROEARAEZ O (EFZITTEkSND
AiEHE) Z LB, EEREROREA T 21T HETH S, EFMHEEZEIL, DIRAC-2012
707 L[5]DH D KRCI ¥ 2 —/L[6]%f#i ] L7= RASCI GHRIC LV BET 5.

[ casci(1) ]

Dy O FEJEBI%¥E Dyall O triple-zeta % #ik09", d BI%% (exponent 0.020134537) % 1 {EHEHR L 7=
[30s 24p 17d 11f2g] TH 5. F DILEEIELIT Koga, Tatewaki, Matsuoka B % D[13s 9p 2d]. 73 24K
TRAASTDS 396 GTFs Th 5. (4f, 6s)% Bk & L7z average HF/DC (Hartree-Fock /Dirac-Coulomb
Hamiltonian)3FHIC LV B O D A/ V% CLEHEICH W .

£, 4f, 6s, 6p) Ot 11 HOHE 22 A/ V) , 11 BT D CASCI#HHE &1T>7-. Slater {T
FIROEIL 14,094 (Q=75 DOE) ThD. HWEREN Q=75 THLHZ LR TE. £,
QO=7.5 DMK 4 IRF&IT, Dy #5 DOERED, ZTHEH (40657, (4f'%s"), (4f'%s"), (4f'%s") & 72 1),
FEREFE L., ZHUTEKKTHEDSFD HE/DC AY ) Va8 THhD. hFH DA
ENEMHSTHAIT 4 BHETET @P6sY) Lo TEREADRWEZD, AW TIEhEsy
FOAE ) VE—EHLTHEHTS.

728, (4f,6s, 6p, 5d) DFF 16 EOELE % U 7= CASCI FHHE BTV, 3.0eV UL F Tl 5d &5
TEHTEDZ L MR L.

LISTRT X IS EOEFIREENIFET . 3.0 eV AHITIC 6p BEE L7-IREBN B D 2 & 3k
WCEe., ZHTEREFEELFET S, 191 HOEFIRREIZK L T f-shell Omega decomposition {7
M L, 31O family) (2 L7, family (35 @mQOIRRED HIRAET 5 —#HOE FIRED =
ET, HIZBWTIE, MTEL ORSRTWD. 2 E TIOHE L7 EuF[3]X° GdF[4] & D
VM, decomposition DFE % 4 & 4f'° 0 2-column K &+ 5 ETHS.

BHE— AL M KEZ (>4 Debye) BEMAEZHAML SNz, Zh b, Kz frx— 4f'%s")
RHE & mT R ¥ — (4f'%p") e L DEDERB Th 7=, EBRNSIE, @6s)DIEREE Q=75
(V=35) & HT R L X — (46s'6p") Q=8.5 (v=0) IRFERIDER, TOMMAEME SN TEY, HTOH
ERHDH. A, 7707« ar FURFZZBELTORWD, MEORMNSH 5.

[ RASCI(08]125) ]



I

(4f, 6s) FF 8 HDHE (16 AL/ /L) #RAS2 £ L, AL /LT R/LX—72820au LLFo 125 f#
ORAR#LIE % RAS3 & L7= RASCI(0[8]125)% 51T L 4 fRZfiF\ 7=, CI DRILEKIZ 8,550,226 (Q=7.5
D) ThDH. RASCLICE B RT vy gL X—ihifit (PES) 705, (4°6s%) D IEECIRAEIC
%t L R=1.976 A, ©:=596 cm™ & 1537-. T SIXEBRIE 1.945 A, 610 e 21ICkIE LTV 5. £77,
(4f"%s") ©=8.5 (family ¢) HKFE TIZ, R=2.086 A, m=488 cm™ % 1537-. Gotkis [7]DHEEE 2.057 A, 499
IS LTS, TyOREMEIZ0.52eV Tho7z. 7208, FEBREIX030eV THS.

X 5T F-2s, F-2p, 5s, 5p D 8 5 H#iE %2 RAS1 & L 7= RASCI(8/8|125) %,R=1.976 A Ti% Q=17.5,
R=2.086 A Tix Q=8.5 (Zxf LEIT Liz. W& DT R/ F—7 (ToFH4) 1%0.63 eV T, RASCI(0[8125)

-1
cm

K RERITELS /o572, 7235, RASCI(8|8/125) DIRITHIE 483,922,171 TH 5.

DyF/CASCI(11)/fs*/f1%/fsp/f°p
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Figure 1. The low-lying electronic states of DyF classified into families.
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of Multi-center Numerical Integration
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FEEPLE (DF) BTk, B (XC) HEOFFEICEWERE Y E (7Y v RiE) 2H050
M—E T D, ZOREEILT U v REEICKAE L, IRBIGHR 2 U@ W E N ER S 55613,
FEFICRERTV v Ky b (GS) ApELE 2%, XCHEOHEITHEREED —>D=H, Kl
B DF GHREICB WL, #8572 GS 2% ET 20 ERH D,

BrxDOZNETOWNENS, DIk T28Km 27V v FOBEMIZKVEEDILTL >E N3 4E
L., WV KREZRGSZHWTHLREERR ELARWEAERSH DL Z ERbhro>Tn5(1], 2T, %
MBI EERE 7Y » REDOBHRIZEB L, BRiEmZ VU v ROEE M Z @Y ESTH 2 & THED
Xo & Zh/MET DM E1T72 > TV B2, AR TITER LI FIER, o AR %
HAWEHET, XCAHAT U U VRHEOREER LICBWTHSTHD Z L et Lz, £72. XC
TRNAF—FHEIZONTHE 7Y v RAOREFIEEFIZER L, FHEICEDTH S Z & iR
L7,

[ERiEAE 2y & 22/ 48]
7y RIEIZBWT, 2ZERIED CTh A0S, SR 20 & LI EAPILES ~DR
B &, R FE B L OEKmfE S 7Y v NIZ X AP LS OAEDRICLVHE SRS, 20
& EOHPLES T
I = [fwa@) F@r) drd = 3" wl 3 w wy(ry;) Fri;) — 64 (1)
TH Y., EMNEIELw AT L > TS BEBFr) [CBENT TR E R D, 840370 v FIEIC LY
AT HBRETHDH, RQ)OBE BRI HONT LT, BOZER A EREDLE-Z LR,
72 RARESY DR E 5,
Aurzecid, R0 5 LERHEES
2w wa(ri) F(reg) @)
BT HBEDIES DX DOMIEZIL Y, RIFF@DORICED S, HE 7Y v ROREMAIC
KT HRRAED AR L OEDOWEN, HOLIREHLL TWD Lahole, Lo TEmfED 7Y v N
L2 E E DA DT OB CREICEBE T2V RRENBAEL CWD LB X, ZHUIFEFEF
W2, R 27 v FECEA O YRR EIC L - T, HHLLFE S ~DORRFCA U 538725 % BRmfE 5y
THIIECE D AlREMEZ RIB LT D,

[Ekimi 7'V » RELEf O EJTIE]

XCHEHDOFHEIZBITDF(@) X XC AT > ¥ ¥ NMuge TH D, TDORAENM & L —ET 28 mD
Fref(r) DMFET D70 61X, WU KEME D7V » NOBLEMAZHANIMD I &N TE D, Zhve
FWIUE, BRI ISR HRRZEOFTHIE LIZ X - THEREN M L35,

RFTOFER, Fof(r) = 1 DEKOFEFFEE~DFBEN K Z WK OBRFFE R ICB N
hThD ol ZO—l% Fig.1 123, B TRINDEUES CTIXF(r) = uxe DERHEMH
MR EE & 725, SERRDAEETIE Foof(r) = 1 OIRARSENEE & 725, MEMTE—F LT
Wb Z Wb, 7725, SCF HAEDANIF(r) =1 220\ TOFEN S Y 72 /A FE % FUg
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NDFHEIZONT, EROHFIEL Y b 1HRE £ 2132 EORER EXEIRFTE 2,
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DDV —)v REERES DF R OERICEEL 52 5 Z EnBEICmbon TS, HELTND
Z<ODFHEY 7 by =T id, D 1FOME % —RBICRET H Z & TREEAEMEZME L, [F—
DI CTORERENEDSR2NE I LTS, L2 L DFT-MD 72 &, 5 HEENEILT 5856
WX ZNET TREA TS ER D, ARETNTIE o Bl A2 I TE D AREMENR D 5,

7277 Ly AFRITEF A TIIAR, 88 8A FHE O KER /Y OJE T, (i Fig.1 OFHBIEIE
DEAIVD Z E Mo TWTHRIBIR TH 5, mHNDDOFETH D72 DRRAEITRE LRV,
72F UMD E CORERN BRIl 8, BUEORFIEOFERAEL /> TWD, LIER->T, 20D
JRIRIAZER S AU HIZFH BRSNS LR D ATREMEDN B D, OFEM & R F IOV TIE Y A
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Optimization of complex orbital exponents in the complex basis function method
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