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BV RN R TR A TELHERA~LILEL, WEETRIB TEXAh o2 I B L DRI E
IR CRHAENFEITINDZENEEND.

(LRGSR R T RN OO NDEHIREEFHH CIE, ME O E BR<GEH T2
VBB, D IERMEMEZ RO D FER X, MEFMOMEAE/EHSEVE BTN
HD. EOMESERIL, BEMIZITE o7 —ar HITERL TODR, A7 —/LTED
BRI E N R BT7-0, RIFHECEIEREL TR ELTIEE v VT 72 A — )V T WD LB
NDd. K2, BRHEEA— VOB THBIL, B LFTIIESRETHBIEMIIN, BEiAEE
DI IS T DL D THY, TOBMESITV A RITH L THREBEEMICI K250 T, §HHE
EO KRBV REREEN DD, ZORBEITHL T, K7L —7TIL, EEYERO MR E R
RET LTV R LTEESL, L ERG B R (GERRBRA S BEAT HIHR 0 IA AR L 36 L OVIE MEZS
BEm) OB AT 90, B HIREHEOKRHEL, EREICERII L. £S5 RERIEEZ
WS HEEZITV, ZOHEMMEERLT.

FEATHIMRIA LRI E SSKBIE S S BB IO

AMFFETIE, ALFBRRORE N B LB EOBMERL IR B OBRMERE TR T
ALFEBGAL RG22 — 7y M LTz i LRt RS B 0 7 IARmBRFE 21T 7. FRICAE R
HOVL, ZEACFERE S LR, R ~—, 7/ Fa—7, ARSI E OB 51D NALE,
R EYOEBEFREREIIERND MR E KR THY, TOMIIIRERK SR T
WH— 5T, BERARERDIRTT YL o Pr T R (S 2RI TH 5.

LB FIREEZLSHIKD 55 FETFRELT, WA FITBINOEHERE TR
BT oLz HIEL, W F OB FIREBZRLBOEFHEL MO TRATESLLE A
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i& Self-Consistent Field {EDHT L7 ikam GERRBRAIE FE1THIMEVIAZREL, ab initio Density
Matrix Renormalization Group [DMRG]) &W657° 07T A& B L, ZIWE TRV Z 72 272K
B2 5 REFIREOBHEFHEEZFER L. 2L, RFEEZHVT, E#ELERI =
RO FOEFIREOBIIIISH L. RV 051, mbERNRSFO—FETHLDOHRILE
9, MO CTHRFEERAE FIRIEZ AL TS, FFIC, n-n* il REEE LT, JeiT L~ TR T REZ R
RED T\ Z BB N EE LW ESHLIRBEN BV, T DR EITH GG - EBRO W TF YL oy 77
M CTHD. BT RDOESHARI T CyHy T, 24 (HD 1 BORFE T L BT HLED DR
BHEFEUE O A G DR (107070 ) T _RCEFBELIZHFEICH Y T KRB RETHY, KT
EIIFOBFREREOKREEEB IO R X —2 M E L. $-, KAFEEZHWT, EEER
VI ANFERI LIRS0 B a7 o O p-n* R RREDMENTIZ IS L, EBR Tl EEL
VREEL SO TED BT IREELEE L. ZOS FOBFIREOMHEIIIEE KL 1285
WNESCE TBEZHRE TS L CHEELHD. RTEEZHAWDILET, ghuarro 22 #0254
B AT 5397 L EECE SCF stHEZ2E L, 3ODOKEIRREZ RDDHIENTE
7. RO B HuT U LEER) T O T R VX —E T HE, B hnT DA EkE
1%, 9.56~9.7 HAZDBEHHARY =AY THLFANTE, TAUXEBROFEAM 9.5 LL—HK L7

Fowardssweep: (9]0 900000 000 0
system (L) = =

environment (R)

I I xxxrn

L — R

e e @OO00000 0000
L “+

R

1.6. DMRG 7 /v U X LOHERE X,

Fio, UL EOBREREIE, &R EAILAYOENREE & LS5 RIS m T 7 IR R 5 B
TR0 IA B BEEDBRR EAT o T2, BFEATHIRED A HBEEIT KB Hilbert 22 &2 /7 M
ZARIEIRICEVIEOE S HIFHEETHY, EROBLE R AERIE TR AR TR KEIDFF
BINAIREE /2D . ZOBEITHRR IADRHEZ A WAZET, BB EAILEMSCE R R E
(2R DRI R LR B LR RN A REICR D, BT A R BHED T RIL ~ L 3k
IABETIREEE M ICX->THRO LI, FHERFIEMNEAEVIIZNZIL M O3FL2F|ZLLAFIL
N 5. LTI ABRBHED &AL ~O M I E-RBIRBEMICHY, —RITHIH O
70 AR T A RIR D T/ 72 ESA Z B 1-HR B (e.g. 300-500 states) & V-5
THHORRBEEZSLNDEI RSN TWVDN, — DA77 IR LTI E LR DDA
HEAIRREED DTl e o7z, Dl Eb T UL EOIEFITRER M 2 W3R E
272 TAEINDD, BIEETIZEBE AL EMITH L T T UL EOMUA B & 7K iEZ F v
TRFRIZERESN QWD o T KV —T71%, RERAD B IREBE O FE A W REICT5
ab initio DMRG VED A7 7 4~ N7 F2dE L T- 72t UL 7 VTV R LD B 21T 72, ISR L
LT, FryF—BAE KA DOiEE L THA[Cu,0,* a7 IZEIL T, ab initio DMRG {12855
WHBEFH R ZIT, TORMAV ST 07 7 ANV ERRRELTZ. f5 5, BEF D FIETIE, IRENZH
YA RD7=8, TV AN RKEHISIDA, RFIETIE, KIEBAMBEZEM %2 AWi-£%
FREHREZ L, WY ST a7 7 AV NROLNDHZEE R LT,

IEEERBICIAEEE B RIEDRR

LR AR 2 T, EBA RO AEAER (BHER) Z Efeciii L, U7 Lk B %
BT LT, - EENICELFEREED D ETRZENTER. KK, Fhik
REDIRT > ¥V il 1 &4 ph I S P8 > CIEREIZ Rl 972121, a0 E A7 I Bh R 5% AV -3t
BENNRENI, ZELE SCEMCSCR)ET, BT o> v/L il o RS B AR
R (B E TR 22 R B2 A FIEL LTS, BEEITHIRD A B BE(DMRG) S A H
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72 Hilbert 22 %# 2% MCSCF DY L —ZA ML THEA SN TV,

ARFFEClE, ZhE BB S A MR R EL T, BN I CEELRENE R Z SR EIC
Ko HIEHEZE Hi(Canonical transformation (CT))WEDBRF AT o7, ALEIED L EEG OfFBE,
HLROREIREE, &BIAOEIREBICEND, EHERE HIRIEICBEL T, —E&F7RF
Bl e Mg T AR 2 — RIS IRE (CCSD(T) 72 &) 1E, £ OB FIRiEZ Efe IR
THIENEELL, — 5, EmRA~OEBEREBICIDSETEN B, 20X E FIRIE T,
B I B B M AR BIL T80, 2D EFIREEEZ IR IR T A LT B FHOA
B2 CThD. ZOXHBEICK LT, (L FOERMBRICEE T 2HEERE FilELY S
BLE AR, E e 3R E L TR E TIREZ 2 R LE B RAED D Z &M Al e
7 EHEZS A FE 1 FH B BRER ) 2 BAFS L 7.

HERHBHIE DOF—1%, KB Hilbert Z2f& L /R0 NI A D FEATHIHEIA - BE(DMRG) DI
B A SR DI L2 R, EHER I BhBIEA HEA B EEAT A 2 U TR, F2 RO
FHEIZ B Z D@L~V OFEFFHES% unitary 72 exponential anstaz (ZXDFRIR T 5. F7z, BAX
AU7= exponential UZEHAHE 1000, IEMEREA N ANIVR=T U INEREID. Hh V=T
VEREET AT HIND ZARLL DS AREFL A 1%L T, Mukherjee & Kutzelnigg (ZX0E AZHU
7=—#%&{t. normal order ARDT AT TIZHADE, ZAKFEE 71Tk DHT L WITELE (O fifis) &
BRFEL, ZDIRIENA N NIVR=T U2 m\ O E C ARE T o FiEE R L. Fo, ]
WENBEBUTB EATH AL CREICRRRESNDD T, HRRITEL, BBRIEICPFHE =R
MO e, Fox IXTNET, CTIEOERNFIEICIY, CT IEIZ RO Z S IREEEGR (B2
CASPT2)% L[EI2FH RS E CHE= XX —H T 25— CHEERL R THHILERL
7-.

ABAFETIX, spin free IERAEFIHTHZETHA BB LUGLER &GS, 3
IVR=T L DREFCE T A AT BEIMZ D201, TAAZEBEZFIHT 57 13U R L7056
R ENT=. CT HEDOLSRIGEIRISIIKL T, DMRG B E AWAIH72 5t RAeFEB L
(DMRG-CT {EEFES). ZiUE, DMRG BRI O —1K - AROMEFREEITHIERD, Zha A
JILTCCT #HEZFETT 5.

[ZETH(DM)RG + CT J%BA%
RENFOLTTEE

AERIEFHEE (REERERY, 58L)) DMRGZEER

lﬁna&ﬁm lmqﬁﬁau lﬁ&m&ﬁal lanmaﬁm
?

- A ?

Be0E FHER8 S REREAY . EENE) CT 2668
1.7. DMRG+CT {ED A — A,

DMRG-CT #EZ2HWT, B8RV % benchmark 43 1L C, D EEREEOMHEE = RLFX
—ZRD7-. FECIRREFHE T, DMRG-CT #£1%, BB VX —2 B ICHBLZ. —F
T, MOZS W FIELLEEIL T, CASPT2 JEITE TFIRIDOBAZM — IR OEENZ LD
WIZED AR+ THY, F72 MR-ACPF X B 4112 DMRG-CT 28920, b TEWEHRa AL
BT HIEN Dol ZOFHETIE, ZHZERELT, CAS(20e, 200) (~3X 10" RJL) £TZE
AR T HZENTE, KRPIEOJLEROEIZ R TIENTE. £72, DMRG-CT #£% H
T, [Cu,O, 2 551D BMEIR, bis(u-oxo0)& p-n: n2peroxo DitHEZIT-72. DMRG-CT OFHHE T
Cu i1 3d, 4d &L O JF - 2p, 3p B LV AR L 7= 32 #LE L 28 FE 11572 D CAS(28e, 320)
IEPEZEMEL, RIS E /e ANO FEA W, FREEMIC KB 2 2 G
BAE BB T HI LN TET.

RBEEL B BEBICEARIANR OREMED ESE
BHEREMEIRIL, B FREAZIZUD LT DT T A A B L THE B S THVE L O

- 12 -



FWIRENTND. 31T NAAEL COFERBEIEMRIZIE, JORERBRE—ANERD, I
OFMNEL, BIRHALREM D=L X — N REGIR THOAL UV EFIZ RS2 EON
LEND. AL UEHI ORI AE YA MNE O BAEH RN BN A R THDHZEM
5, 1 LB TAY YA MMEIZ 272 “Through-Bond” 7 7’ a0 —F 12 SR EH R E N B I b T
Wb, Fio, BEILEMICKRERBRE— AN R 57201231 DDV A NMZ2oD TV BV
ERFONNRUNAE AREL TR THS. ZD20%F|HL CTRERBERT— A MHORY
HNAR G FPNEREFSILTND., RN TR R DI EV EL S 2550 1 THY,
KRB EAY A 5S5FTh5. m-phenylene BLORY L~ Tld n=b DIFH S=5 DAL %
FEOZ LRSI TOBA, ZivE IR GTIZIIRLTZH O TIE S=9 L) KX e tE A FFob D &
THMRSINTND. AR TR CTHORMNG, R G3F DAL L REEEZ D
LEMIZOW T LTI SBEERITIE N K THY, OVE B ETEIE LB
TNy (N QA oy

— 05, WA EEEORI DR DFE AL LRI KT T DB FIRREDOHFZE, ZhETHE
LBE%EEE (DFT) 728 O S IR B GR & AW EFFRICIRD IV TE T2, RV ORAE R T
FHETDHET H%E’J*H BADE BT ROEIRNEEZLNDN, En il &L~ DD p, A,
HREOME sp” ML E AIEMEELE 22 M L TH O CASSCF 1T & B = 2 b2 & <
m-phenylene-bis—methylene D XA/ NS72F T V55 F IR TL i FH SV TR U., IT4E, 35
— PR LA EEAT IR IALEE (ab initio DMRG)2NJE B4 W75 5, TE kD Z L k7
MO T IETEE ZE 24D ZE A REE /2> TETCWVD. ARV )L—7"Cld ab initio DMRG @ & HE
IRIEER L, ZEEBHIERD I IE—RICR DO KRB LBl E R LTz, AR
T, ab initio DMRG %\ C, m—phenylene BURY B~ AN A RIE, BfEERE IR
RERTHE 21T o7, FHEOMEIILL FO#EY ThHD.

RYT N5 F-hConieHanie (N=1~4) IZOWT, DMRG-SCF % W T, A BN 5L
EZONAHETOETZMHBESEFEEFATUR, IHHEEEZERICIE, & o $uEE LU0
A OD p, WE K OFEAEAE sp? BB A& 6 7-(8n+6 3 % 8n+6 BLE)Z V=, e VWBIT
EEFETIH 16 BEFE2HESEREEN R R THST-DICKL T, Fox NEEIBIRST-FHET
‘iﬁijt 46 B EVIOMTIBEWIIZLDOEFEZFESE TS, ZOREE, I A ORI Z

BHIZON, BAE L IRREE — HIEIRRED TRV X — 2 (AE U Xy o 7)) NEAMICHEEHZ L2 3 A
L77. ZHUTRI IR DAL F vy 7 I IH J%ﬁt‘fé&b\5%5!%0)%%1’!:%#%#*%%%
THATHD. BRIV OBEBFREBOFFHEE R TTOIL, MAEAREHEAL KB
HAE A DIRL T L LU CRHE LTz, ZOARE AHBAE ED, (KA fRRE i%u\%
FHOE (FHIFEED) DMEEL, LI LR A RETTL, BN LR A M+
HFSFHEL TWAZER DI -T2, ZL T, ZORAIELENIZDOYV AR R T 520D
Mofz. ZIUCH LT, MAE VIR TR ELI IHIEEAETFELRD. R DL 431 Cli
FERNTIRVE FIEOXNFEIEL, THUOMEAE R EEZ L L ELSHTWVA. ZOEKAE K
F!‘E@ﬁﬁéfmiﬁ’%%ﬁ’w:xey%%/7 gD, ABRRE CAE U RIFA AT BRIR &R DG
NI TpoTz.

AUV DEAL RAE S = 2n+1 LEAE LV IRAE S =1 O F—F vy 7O E TIH
\ZRT. DFT 28 OHEBBOBLGR T, TRX =X v 13ROI U CURIERRAHN
LCWAZENRTHERND. ZHIZHkL TDMRG-SCF OftFid, HB RS e EEIC R
SHEI2BE DL > TS, DMRG-SCE D334, n=1 76 n=2 th XYy LIS, n=3, 4
ERDRELR S THIEE—EDO =T —F v T H o TS, /INEWIEMEHLE ZEF TO
CASSCF O H:1X DMRG-SCF LRICH 2R L, Z052% EMEMIIERLR R THD 2 En b
% ZHUII AR A RO B IER IZTRL, IRAE U REEN R ELS L EALSHTNAIEE R
ﬂ""?“é IRAEIRAEDRY I NS AT NN XY ANDE T INACK DT BTV LT

EIREE RS, ORI ES BERG TIIREE CHHIEN, KM DMRG 5HHEZ2FEITT5H
:}:&Cibﬁéi’w‘:.
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—=-B3LYP
A ROHF/RHF
—-CCSD(T)
50 ~#-CASSCF

| =#-MRMP
©-DMRG-SCF
-B-AP-B3LYP
2.00 - -=-UB3LYP

1.50

UTrm—

1.00

0.50

1 2 3 4
Number of Carbene Units

1.8, FUD AL DESIZRFAAL L TR L2

2B BEHIEICEATS T 2= VR DI AT MLV EHE

HE D ENFRR N T RN —BEBNT, R HEFF O T I8A O] 72 STIR

RENE LR EZ2 RI-L QWD EES b TnD. 2o S1IRfE i%&i&z«%/v#éﬁ@ur%m\:k
75 B, EOWIEDT-DITEHNANT IV AIBHISN TS, FTHY T == LRY = 3R
TUHORESEZRHELLT L, HOEBRPE S THHENIZENLELDH AT ILNELILT
X7 LIRS, VT 2= LRV D AT LY a3 — S a T R L S o E
TIFAE Limot ZHUTRY LD ST RBEDN T Bl CIR R ok W2 B R TR BE T
HHZEITERT 5. /7La/w“)i‘/:;r BRI =R = 43 1 C, KRE7RIERIE 62
PEO BAMAC S, 73 FINB T BEI W7ok 2 7 2 R, A=y 0O —HIERK
btk e iﬁf’rf’f?ﬁufoc 2'ALMREESDEDL D, A DTN —BENIZD 2'A, RAEE R H
LCEIRDILTND. _obf_ﬁfﬁﬂ“):n/ %@Ebt%ﬁg%@ﬁﬁm‘ét&b@%T/I«ELT ety
IR G 70 2 Y 7 2= LRV = ORI e L B b TWa. A E], R0
THEAEN 10D T ETOY T2 LRV LT, —ERIEREREREEOE R e A
HRIIHEIITEDOE AT NVICEAT DT A2 R 272~ 7.

D7 == VR D ARHEARRE TH D 2'A, IRAEEIX HOMO—LUMO @ 2 B - iificE~>T
FlibEh, ZELESVRNEELRD. Fe, _%Lifm%m HRV 53O bR RE DAL &
IELRDAIIZENFE T AHBE OB A DM THHZEN DN TNDIEND, LB ET
WRBZWH Z LN KDL SEENE MRMP)Z#IE L T % 2 b A XDV T = = )LARY = O
XJ\‘W%/b%vi;v—ya‘/Hj}l%xﬁe—A%ﬁ%éﬁw:. 7, BREFE L, i RE7e

NFOHREERBIIRZ DI S I EI%IC CASCI 2 fl9% CASCI-MRMP (*EZ5HDF
{;E)%S:ﬁﬂﬂw_ ZOHFEMEREZL LU TREIRAE LR IR B RUT OIR BN BB %A 7 v R &
HCTEDIZRD, AT A2 —2aZFET L. 2O, iR T2 o000 R %
J?Ua“é ECHMEREHIREFHE OB R B2 E T /iRl LI T\Wh, —HOFHHE

(& TROENIZFH AT UL, FERTRRICHELN TWDHEIEAST ML SN - — AR
Lt.

ZOWEMAXTNVOBFENEOEEE, FHETEHEALTE A IR OE U S A FEH 758 0
THdD. V7= LRI T, Dushmsky RDNESNZE, B—RE Iy 77 R TS
W2k, T, IREMRBEERO#L 2B EEZ T IREIT— RO b EERF 52 FFOb D1
DLW ERDIoT. EBIT, P al —Sal il RA T LI-L2 A, ERTIZ1 ORI+
—RIZBTHEE LN TOZRIEDFRNE — 7, FEIIHHR LB OIS —R bk -
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TWAHZEPHIALT. ZHUTKAH Y =y FTELINTC AT MUINGLE DD T2 THS.

16000 18000

Relative Intensity (arb. units)

‘ [ \‘ . [
14000 16000 18000 20000

Frequency(cm')

1.9. all trans « — w —diphenyltetraoctaene D'H YA LT ML EERARIMV (K HE ).

TV NRE R AV R tH BB AR DO BR %

BIRICT I NWVEARIR LT Y IV OFERI T T 57 I VEE G fRIE, O T — X D&%,
RN LT i AR R E U TRV R A2 R o, B REEERR ISRV T, 40N %3
HUDFE Y OFEFINC /iR 3% RI 150 density fitting 15, full CI fREZMBSA AT OFEFNZ /0 fiE 9
% ab initio B E1THIMHA B ZZ D —Fl 2 5. AHFFE CTIEREN A B0 BEHE 36 00 1 Bh B % 4%
# (T amplitude) (27 > VAE Sy iRt N R PTE T FH B BRGR O B R 21T~ 7.

CCSD(ME/ R E @A — V772 1 FH B B & KB 5y - 5% ~i 9 5121%, BhY3E 748
BD Rt 2R H UTAR AR — > 770 BB OB N A I R Thb. BEFDORPTE
FHEED 2 1T RTEALAARENE & U T 2 18 (PAO: Projected Atomic Orbital) Z FHV 5723,
IO FIEIIT X — dE O IR ESC, AT BN OSEMES R E N EEL T
D, RFETIET VYA RRCEY BEINIC, BRI CRFMEEZ B ETHZLNAEETHY,
AW TIE LR ORBEOHERIZIN A, SIS RPTE B EROMEEL B 5.

AW TIE, 7 NRE RIS R PTHEBIEA IR EENEIZE H L7 OSV-LMP2 {ED B
HWEAT-T2. D T2 amplitude O FRIITEBMOMAEGDOENEZLINDLD, RIFSE T
Ta'g)ztzivj C,c'wictjvj ZEEMTA. 2T EEPE ij, 2 DIEoAEREZE M (@) ~D i

 (i{a}, jofa}) 2525 MR0VIC, A IE LI RS RAEBGE 2 (4} ~o i
(i>{u}, = {V)) ZBRICETNVERZDIEL AR THD. HAIE | 1T L T2 AR
e {4} &1557-0, C;#i % Hylleraas functional & VN T2 i b 95, £7-, (b

28T amplitude DOXFA ZSE(i=)) 72172 W2 P72 H1ES B Uiz G fel) .
B I AR A 12 B 3% amplitude tziv' 2OV T, C;ﬂi RELT%ICBE F D

PAO-LMP2 £ (Pulay 5D J51k) ERIERICH S HRRADOIE T 5. Lo THRIEIZO ) DR FE 2 AR
DAL= 7553 PAO-LMP2 4180 TH D73, OSV-LMP2 DN LU T, (1) EA#EES &I
(RAHBE 2 B L S TN DT, MERMARBE D3 D 7ed, SHRAAND T VT 77 54—
/hEW, (2)PAO DR R THHTR/AX — i GO MBS, (3) AJNT OV AKX
PR ETIVUIRL, 770 7Ry AL THEZ D, ERZEIT o,

HILWEEEE OVS-LMP2 HEAFHE T/ I 0L TRELT, 2O EE2IT o712, 6155y
FIINY I~ A, BREBEEUT cc—pVTZ Z V=, OSV-LMP2 178 PAO-LMP2 710/ 720 Vi
FHLE CTELDOMBE = X =B ELNDLZEERL TN, F2, MBS - R OIS
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UC, AFE OSV-LMP2IER ENE(bL 52805000, EDOHNMEA R ZERTET.

® [gly]ia / vtz (2,326 basis functions)

OSV-LMP2 PAO-LMP2 MP2
Error 1.12% 1.23% -
Nr. of vir. (per ij) 60 105 2111
Time 5,631 sec. 14,951 sec. 98,582 sec.

1.10. OSV-LMP2 OPERERRFIE: NV /<A,

QMR DS BRI DN R
(BYbAge T - SR 7 v —7)

INETO—HODONONOIFZEIZLY, 5 FFlaml I i K&y 25 B<EVfHz 5
TRl TETz, ZNTHRE, BURO 4 7RG Z2 W TEERO S 20O =D, £
PRI _REZLDMBENRFESTWD, 5%, T /27— O R CIEFPEZ 2 1 RIS L
TR CREERF E A BT 5700, TR 73 2 TICEMALERSE 5. v a—
AN O A ESR T, S TR 2l — L ar R ENRLDICLE L L TWA, #
DI=DITh, BlER B IRO /257 L — 7 2 —Z R TR0, HEROBERE T, i
POETEO R E KRB R ~Om H %2 BEL T)A. BIED 5y FEER LR LT, x5
TR E AL BIRANER B LIERDOLFHU TH .

(R ZEET -7 v —7)

AT T, HEHEREIRENE 5750 122 &M KBRICR X % & L FFH Rk
EHESLUTZ. AFIEL, HRAEY FRBL OGBS A M E BE 1 RER B EL, 18
JEVSRIZIE S EDR IR S NS . B4 R~ HEIC B3 2 e R I e X, Bz,
&R EER B UIZUILBE 59 2SS 02 OB IR 9206 AR 78I, A TFEEZHWDD
ECE AT O IR0 E D) e 8 CRIES I, BRI Y DL A RICBL TR &7
HMROBECHEL, =X — BRI O— a2y TREMEL B 2 5D, RTIEE, a7
BIREE (BhA iR aE, A AREE, MRBERRE) ICRIL TEHEMED SIS TR LSt F A =T
AIREICL, £22 O H Al REZe VA R 1Rk L TR YRR SN, ZO%h FH DIEEHR
BT, KPR, OSREEIENT ~O IR TN 28T 22 L3 Iff s, LSS EEFIz
BRA B EEZ DB IRIBICRT L TOREZ 700 287 KRB Z &N T 5. Fiz,
ARFEORBELT, BUSHENTO®E Az L4 572012, JRABEEICE 45T X —ff
B oy st BIE DML R END . REFFEIEOVSAA TR — 0 2R X, A7
YILDIGRE DRI T HIENTE, fEA L EMEESCSUNEBARIE D BRI D
Lilbohs. EREERREIRIL, SESFSy T lab—Tar ol s i choo T, K
BRFE D K e, TEHRITRE 4 7o 851l CHIFF TEHTHAD.
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4. 2 BT RENE BN Z 2% B LB SRR O BA 7 (BYL 2t 9eit R v —
7)
(DHWFFEERENZE S OVl

wLFITa B a— 2 DOEFERMEREN LB AEE DY, BIETITT /RERROIF
WAL B UG O TE BN B AT HEE e TS, IkITD B AL FH RO E X 2 ThD
DIE, ZORIIEITHIF S NA% LB S PG (DFT) THh 5. F 4 X2 E T, DFTZ & b5
FHEICHE T 57280, ZHRMABEILEESCZOMIEEEZBR L CE. 2O E, KR E
(LC) &L LT 28 HHRDFTA B Ik Th L C& 7=, WFFEHIIPNICIR-> T, LCED#LE
FNX— @R R BLO R RN, B PP EA SR EE B DLCIE Th HLCgau R ILBIHL,
DL 2 5 B3 572D OFEIEY B CAH AAEAVE, A 2EHER G2 /BT DAL
TER MK AEDET, @iEDFTRHE 2 AT HEIZ S dual-level DFET, £ L CRRIE A —V o 7 {LiED
GFCIEZe &, 2T DT DR T N EEB A ER L TET.

EHBERIE DFT O#uE = 3/ X — Bk E F OB H O

DFT B35 FHUERTICRI S, RSO TS RS L DR E TS THIL TNV,
Z O, BlE =RV —XEATERWESH, SATICRIASVR ORI THS. fliE
KX —DIEEBMEDFIRICOWTI, Hix RSV TET-. Perdew DIE, HHREND
BT 2 N BRI ES B T L X OB WAHAR T L v L DI E N R R S E L, Z oIk
NEaDEED HOMO =X —F3A A bR T v (IP) I—8 352 % R L7 [Perdew et
al., Phys. Rev. Lett., 49, 1691 (1982)] . Sham & Schliiter I%, FEE NN HIIE = R/LXF—F

Axc = énu (n + 1) & (n) (2.1)

(g,(MIE N EFFZRDOmMBEHDLFHLE) ITHY T 52 L% RL7-[Sham & Schliiter, Phys. Rev. B
32, 3883 (1985)] . J7eobH, B DO CHLIE = RV —N—E THOHZENE R FEDO N
B THD. ZOFMEm LT 5 DFT ELT, St G IR T v WIER E DR R ST,
BT PRt e UICHE A 5 2 B, ZOFEE M XA B BIILR 2o A A BLVE FRA =
WK THDHN, HERDAHIEEITIE = 2L F— DO HEMLZED RN ERE ST,

—
PH3 —— N

P2

Ne
NH3 .
N2 =
HF
HCI =
HCOOH

H2S —
H20
F2
CIF
cnz
cs =
Cco2 ., OHF
co . oB3LYP
CH4 . m MO06-2X
CH20 = LCBOP (vertical)
C2H4 | m LC-BOP
CIH2 —_— |
-5.0 -4.0 -3.0 -2.0 -1.0 0.0 1.0 2.0 3.0
Deviations from CCSD(T) values (eV)

2.1. BLET R/ —0 CCSD(T)EAH 15 R D DR,

=
=
-

Beilt, Bk IE (LC) ¥ iDL, Bl = RV — 3@k B ICHELE N, Koopmans EHLZ T
PRI 2 322 et Sz, ZOZE TR BB ELE = X —H B REHFH LT
WAZ LAY AR CIZZ OB MA L. T, Bl = 3 X — O FBRMEA )DL,
IP LB/ (EA) © CCSD(T)FHHEMEE LT, [} 2.11% BA RHEOERTHS. Kb, LC
BB DZE L&V EA FFEMENS DS, IP ITOWThRIREDKSEL 5.2 %, 37305, LC 1
B LV ELE = R L — X E BMIC S 255,

728 LC LB A3 E = L X —Z E BAICHE T 2002 Q2.10)RA&EWM-9120E, L
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TR — N8 S AR AT L CEe b0, BE =X — D805 A 5 B A&

% _{ <ii)

on; , op @2
(i 1Z5%EAEE, n 13598568 EaTRITNITRDARV. 2T, ZSHRT v/
x-SR E/EAE Coulomb H CARAAEH AR LT NIERBR W LA BT 5.
Q.2ORDOEDOFE 3% 2.2 1R LT, KXY, LCILEEEIZ SOW Il 23 AR S
TWABZENG D, ZDZEND, #E T RILX — O & ks E I AR T o v LB B SN
HETHY, REWAKRT ¥/ VEREET iﬁﬁﬁ%ﬁé&?ﬁ%iﬂ BWCHDHIENGND. LIZR-T,
DFT THIIE = R ¥ —Z @ L 57 DI I E I E N LB Th A LD MR ST~

47 pifr) (B /6P 4 )i

—0.05 | 4

01}

—0.15

—02t

Xl 2.2. KB OIRHRT 22 V8 BEE A Uiz B A AAEH =L — 0D b,

LC ¥ED 5 BRBERR 5y DM IE : L Cgau FILEIEL

INET, LCIEIL, 77T NT— L ZFEE R E OFHWEEES, B HE), Rydberg il —r/L¥
—PIREN IR, R 007U VORI IS A, Z L THLE = RV —72E D
DFTIZLAE M EHHRAZ VD TRl BEICL C& . L, RELIFETS. ZOKLFELRLODL
O, AL RX — D K THD. Ziud, LC oML 228 $h5 H C Al EAE
FRRFEDT-DIT, WREF A E T LR EORBE CHE TEARNWILICER TS, Fixiiz
NET, LC EICEENDRTA—FEFHIRETHRELT, _ODF'EJE':_E ZHRA TEZ L, £
AUTITIRARRY IR FRRAENZIT IRV 2 Te o Tz, ARWFIE T, ZOREICIM T 720, FERER
R4y Hartree-Fock ZZ#DEE AT LIEZ B AL THISCT LCgau PLESEZBFEL7-. LCgau
NEAECTIE, RO IDIZ 2 aaﬁﬁﬁf’ﬁﬁﬁ%/\%h‘é.

1

- = (__ L12)+ L12
P 12 (2.3)
L, = erf(ur,) K 2u e—(l/a)ylrfz

M, Jr (2.4)

k=0 DEENHEH D LCIETHD. LCgau ILBIETIE, Bl T BISIRA BT 5221280, F
BRBERC 53 @ Hartree—Fock AZHADE| G2 IS EA.

X 2.3 |ZFE 1 FEEEIZ %% Hartree—Fock ﬁc?ﬁ*ﬁ FOEIGDOEAbE Ty LT, KID, &
FRBERYR T 1L LCIEESIZEE DLW, FIEBERK /7123517 % Hartree-Fock D EN A3 E L
SHIZ TWBZENIDD. J)/fLFa‘e‘ﬁéi&%ﬁoﬂt%}ir“Baﬁiﬁ, KISy B —, 4 PR
DOELF) r%%?r%bf:. FOFEE, RO DWEN RSN, ZOZEND, LC EICFESNZM
AT BERERR D T DT E DN D BT

L7, LCgau ﬂfﬁiﬁf%if:“, PR = R L — O FEEI T EO VO REA O ZS T
7o ZORGEE MR T DB LWL E L T LC2gau INEAER A BHIE L7-. LC2gau ILEAEL T, &
BB TEDNHIEASN, 2 BHHAEERIIROI ICHEISNS.
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erf(ur,,) K 2u —(l/a)/lzr12 g 2H 2u —(l/a)y 2
P \/; \/; (2.5)

ZOWBEAEE S THEEIT oI /ER, BULFIEDO O BLMEZMERF Lo EE, bk =%
NFX—DOFBNEEZ KREEOHEITRIILT-.

L12

10
lflv —
LC(0.47) ==mmmne
8 | LCgau ............
L.Cgau-core mwmmemn
1.C2gau
6 L
4 F
2
0 : : e
0 0.5 1 1.5 2

r(a.u.)
¥ 2.3. Hartree—Fock 2ZH5 4y DEIS O EFEEEEEIC A2 L.

NBRE TR OO OFEEMN B O E/EAMEE

LCIEITIE, PR = L — D/ N2 & 4 DD ORI CTE 7RV K7 D > T
%. JRIRD15ELTH A EERREZEGSIENE 26N, ZNEMIET 2 HED1 LT, & H
SITFEIAY B AR BA/EAM IERSIC)E: [Tsuneda, Kamiya, and Hirao, J. Comput. Chem., 24,
1592 (2003)] 42 L7=. RSICIETIE, H A AAERIC KEC S 7= 22 a8l (SIFEIR) (ZA/F1E
T ORI X —Z ISHLIEIZ DOV TR H O L X — CEESMRZ DL TH %
R fEE CSIE 20 <. SIﬁEﬂz;’c HCFEAEHT2E FOEE =R LX —EE pNT AV By
T —TEB) = R F — B TS ERFIHL, t=0/0 & AW BI B8 X - TSIfE A )
B35,

LU, RSIC {ETIINEBLEICBEL Ttk TE o7z, AL T, B O x/L¥
—% 1s JLELIIMEDOWTH B e R BLUZA X, BB T AT (HITIZE1T% Gauss FEJEBIE~D
RAEMEZ I 2281280, RSIC {EDOREEA iR LIEIE RSIC (mRSIC){%E [Nakata, Tsuneda,
and Hirao, J. Comput. Chem., 30, 2583 (2009)] ZBA%L7=. 7=, H AT RLX—LL T
Hatree—Fock A2 4= /L% —% F\ /= pseudo—spectral (PS) RSIC % [Nakata, Tsuneda, and Hirao,
J. Phys. Chem. A, 114, 8521 (2010)] ZBHZL7-. %58k TP Hatree—Fock AZ#LT /L —| PS
EEHOWTHRELZ. Z0 mRSIC £} OV PSRSIC % LC EEMAEDEDHIEICED, LC ETH
IESZ2 W VEIRIZBI LT ST A IEAT T o7z,

R A7 DET 35 K& O SCF £ TR L= CO, N, HF, Ne OPNEREIEE & ONFRA A AL =%
¥ —, C,H,, C,H,, CH,O 531 DflidE 7 Jihid & 08 Rydberg Jil# =R/ — DRk A 75 %
# 2.1 _/Ta“ FLE RIS ce-pVTZ+DH-Rydberg (s, p)& iV 7z, BOP <2 LC-BOP Tl 20
eV Ll I, B3LYP T% 15 eV R LR AENIEF IR ENDIZHL T, LC-mRSIC 2 OY LC-PSRSIC

T leV BETHY, Wilhhid =X —2 &R ﬁfﬁ*fé LR TEIZ. ¥/, LC-mRSIC,
LC-PSRSIC B J7 &4y, AliFE 7 bt & O Rydberg il =% /L — 2B L TIIERD LC L L [RIFRE
DOFEE %R > TV, E51T, LC-PSRSIC (% LC-mRSIC LEEA_TEHEREF 20303 DH DD, NigkA
F AR — D/ N2 E D LC-mRSIC O R S AR 52 LT Eh LT,
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%% 2.1, AT LX — G RYEO I RE (V).
BOP LC-BOP  LC-mRSIC LC-PSRSIC  B3LYP

Core-excitation 23.9 23.6 1.4 1.0 15.9
Core-ionization 2.52 2.85 9.97 2.83 1.59
Valence-excitation 0.34 0.25 0.34 0.30 0.33
Rydberg-excitation 1.20 0.35 0.40 0.35 0.74

AV HIEM BEEAEE B LU REEFDET

T4E, B 72 TR E AL U HlEIT A AE U ha = 23 B O IE D AT T2 > TETVND.
B AU IV TAE AR AR RIEAY ik 2@ B SO A 43 A R E 2 B B/ B
FTHY, TOHEMAFHBICIIAC CH0EHE AEAZ S DRI R E B B LR T
&%. DFT (ZHSHERFRFH R IT D O R AN CHXR IR EE FHBEO N G2 E 352
EINTEDLH NIRTFETED, 16RO DFT IZIX R BB A HUE BAEH O RIS WD B KR ED DS .
2 X OREZE MR T 272012 LC EEIRRL TEZ, ZOHIEIZKY, #E= 3 LX —=0, B
far B B Ehite 72 & BB AT oy A AL D R EZR N D FH R RE 2 KESBGET HILITRIIL TN D, A
U HIEFE BAE R &I LT AR AR CIE BB A DR EL B2 LHER OB N ETHD
728, FRE[E A7 DFT (TDDF )RR CAL 25 B 2 8L T~ HITIX LCIEDNME ThH D . A5
T, AL UHLE BAERZ BB LI LC IEEBF L.

AWFZE T, R A2 Z B 1572912, Dirac FREXD 2 ERITHS zeroth-order
regular approximation (ZORA)¥EZ V=, LC % V7= ZORA #HH T, FEIREDE %
NF—TLUTFOINTE RS 5. LRITRIERHE, SRITERBEHK D 2R THD.

Eyonn = Thopa +Vie +9 — KX + EXX + E, (2.6)
2
ZORA p PYSIRY p

TDDFT ##CIX, scaled ZORA JEIZIVITADIEE % @b I =L — & H iz, 51T,
o-BET O AAENZEOHS 72012, FERE DFT ZZHIHD AL B EERFEL B ELT-.

LDA, BLYP, B3LYP, LC-BLYP JLEI%ki2 &% DFT FHREO#LE =R/ X —%& W TR 7O 5p
HLUENSDA AL FF—% BREb T RA R 2.2 1T, £/, FEEMKSE DFT 3&ick-
THHAE LT Xe i1 D 5p—6s it =¥ —b g, i VAR I3 R B O BN b /&
VR THDHITH DB, LC-BLYP MG EFEEICA A AL T —2HEBILI. Py & Py
DAy GUEZ 35, pure LBAEICHE~, HF A&8#a% & e B3LYP SOKHIC LC & W3R T
I BUEMN R EL 2oz, Tt = r X —ZBLTh, LC-BLYP Db IWiERE 5272, =
Ux, EOWILRIEEIEEE sHLEDIANONKELIRDT20, LCIEICIAUENEEIZ/RH72DT
HD.

# 2.2. Xe L DA ACRT i )V LhiEE 1L F— (eV).

State LDA BLYP B3LYP LC-BLYP Exptl
Ionization energy
Xe 5P3n2 8.08 7.75 8.84 11.49 12.13
5P 9.22 8.87 9.99 12.72 13.44
Splitting 1.13 1.11 1.16 1.23 1.31

Excitation energy

Xe 2 7.46 7.01 7.51 7.96 8.32
1 7.50 7.16 7.63 7.97 8.44
0 8.56 8.12 8.65 9.09 9.45
1 8.62 8.24 8.74 9.11 9.57
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A B TE D B R

KRBy 1 REOWO 721, SESFRE AP TFENRINETITHEIN TN D, #E
BX 12 1% SCF(Hartree-Fock/Kohn—-Sham) L X )L LB FHE 2 EE T 572D DK Xk
Hartree—Fock(ZEFAHENL ~IL D 20D~ ZDOWTEFNE BRI T TWAD, A
TIFFFIT SCF L~ L TO@EEEFEDBIEITE H 7%, ZOL~LOEFIRIEFHRICIS UV Tk
LEMARMZETHIAT 71X, B EERAZR T ZEFES LIRS RSO R
THhD. BT Coulomb THEZHIELL T SCF FEXICH S5 T5. BT ESOITR
DOREZZNIHTL TIERBINT AT THHIT DD T, KB 7RISR TR U7 MBI B 22\
OGN B RIEOBRRBE N ERH LR RIZ/2-5 TS, 2O X7 T R FE 5y 7
ELLTHHENTWAE DIZ, Resolution of the identity (RI) ¥, Pseudospectral %, Fast
Multipole Moment (FMM) {E72E 2350, bivbnb >0 O EliEa2 B ER B L T D T3
i T Ny r— P TUTChem IZE AL KRG R Z EBLL TWD. i, bivbiui&E+
(LS THERAE H &S TUD Gauss UL A FLIZ L C, [EAYEELCHWHILD YU R IL 24 B 1
JEEL AT A7V REBILSIE ) 2B L2, 2O FETIZZ Uy REREL TR 2 A
. A LIRS E L CHWAES A, Coulomb fErOFHFIL, (1) EZERICHITHE
THEE p(r) ZEH EZ2 R B p(K) ~ Fourier Z8#AL, (2) #HBh & ZZ[# T Coulomb RT3 ¥
v J(K) &R 72141238 Fourier ZZ#IZ IV FEZEMRBL I (r) ~ZEHL, (3) ELEEMITTHIEMRE
LT HEV) FIETITOND. ZOHFEXE R - DB CEIERAICHON LN TWAD FIETHS.
ZOJETE, EEREEMICE T EE TR THHIEL, EEM L ER R OFE
DO HaT Fast Fourier Transformation (FFT) &2 AWAZEIZINTIE =T A —I 7D
FHRENFRETHD. L2AD, 5 FHOE 5 EIT AT TR L+ /e i A2 155
T2\ ZE DR DS EELT2%. Z DT, i &4 F Coulomb FE/ITHNDZLITIE
N TH 5.

T, 2B FEEZMEFEE B E(Smooth i%4r)ENZRRE B FE(Core FRANTHEIL,
Core FRAZRIL TILRMEIL LT Gauss SR TRILLIZE T HE AV, IRIEO IR0
Smooth #8430 FE -4 B 2 - i FE I TR ELT 5 Coulomb RT > ¥ /VDOFE FIENIRESIN
TW5. ZO3EIEERTHEE, /INS7eiliBEfE HaFF O libh Gauss BB OFE D A 2T 55 1R
LT HHENREZLNDD, ZO5EIFIEITHLE DI I LHEVHFEO B\ EIE TR
VY. Core i) 3% T2 Coulomb FE 43 138 & B VMATHNCH R T 5720 R OR ML Ry 7 L7220,
Core f73 &80T Z &R R O KB BRI 35, 2 LT E F# EOE
FATKILC, RRZE TN S<HT-72 715 Th 5 Adaptive Density Partitioning Technique (ADPT)
ZBAFE L7z, ADPT T EFEDOEIIEICH A, KEEZ R LS DEFHEZ Wi &
B 2ZEMNTE, Core BT DOEIEZMOTZENEEE/2D. ZOHIEIXINETOT ARERIC
I0, TERDFFEIEL LN TR EZE LT 2872, BIEPLE SO @3 b GO e D
S TNA.

ADPT (ZHEDS P m P B B IR XA S 1T 4 A FE xR0 70 1 BRI IR 35 2 L3 Al HEC
H5. FxEmZh FL L Hamilton {5 7O — & T-HHA XERY T, & - HEICKHT DR ED
FHIZ/NSW., FHRFRVFIL TR Th o T, REMRTHENZE DR £ EIC BB
RS EDIENIFA THHZ L ERL TS, BARKYIZIE Small 545 O &K B E ) HAE
BAIVDEME VIR T RTEEL TODEL TRV, ZO A5 & Small 54y FLJE
BN HIELND BB EDIEE AL 1E ADPT 12XV Smooth Fi/rE L THVEIZ LN TED. Th
(28D, BRI Z 9% Small 557 Gauss FEEDOFRMTHIFE 73 D RKE 53 ISR BT, FEFEXS 7R
157 1 BEER O PRI T 4 X st A R T 52 LN TX .

Gauss #-AHFREF Coulomb JEDBE%

T T VT ISRAENR Sy 70 & KIFRL 1 RICBITDH T 7ol - IR O &2 B 5L, K
W75y TR OB IRIEFH BRI L7 T B OB 21T > CE Tz, BN BIEITR WG R A
7RO LIS FE O @ W EH RN RHL CTELD T, KM 7 ROFHEICHE LI 1L THDH.
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Gauss B FEJEC A V= Kohn—Sham % FE LRI BOE T B W Cieb R BRI 2 L BT854
D 2 BA RSy %395 Coulomb FE4r DRIE THY, Z0 2 B IEFE Yy DT 70 bEHE
Rl 59 %@j(%é N IZH LT OINYD A — /L TR T 5. T2 TR 7RO H A%
fﬁﬁ“ét 2L, P ORESITH U CEHRERFH D002 A — Y 7Tl 4% Coulomb F#

0)3&1)#2%&75 SWETHD. AWFFETIE O(N) T Coulomb F 45 % s |27 775 Gauss - 75
FREIFR Coulomb f&537E (GFC 1) W) HIEEBAFE LT, GFCIETIE—kRZe i T IR A TRE SR
EE A2 0 ET A B Gauss B ELEN G2 IR S A B L E % VT Coulomb ‘J‘T//v\?/l/
ZRISUR T2, ZAUCKOEER DD 2 B IEFES DR A Z RIS 528 TES. RIER
A EEER Y, TN ETICRREN TV A EENEF B EABMER T 501
5tL, GFC 7% TlZ Coulomb R T2 v /LA AR 20N TH 5.

GFC £ ClZ Coulomb RT3 /L& R(2.8) DIHTHIBIIEIE & (r) Z VTR T 5. JERfR

¢, 13 Poisson I -V2V(r) = 47p(r) [N FL A8 A LB b L 72 202 9) o 7 F X
E‘%@Vﬁ%ﬁ%ﬁ%%ﬁbfﬁ%:ka:otm%é. ZL T Coulomb f53%&=0(2.10)D HAeVFE 5 LV
i v(r) = Zc £° (r)+ZcFchFE(r) (2.8)
A-c=b, A, jdrvg(r)vg (N, b, =4z[drp(n&(r) (2.9)

o =jdrzp(r)zq(r)V(r)=Zci jdrzp(r)zq(r)é (r)+ZC?EIdrzp(r)zq(r)é“(r)

(2.10)
BN IEJEITIE, — 7 L IR AR ER LA L ET DJRTE Gauss B GeIR Al B)
FEEZ WS, ZHUTEEATIT D Coulomb RT3 LSS DRI R EL AL L 722
D, DO RFE Gauss BIEUCEVIBBT 2B EMN THLENVIBZITHESHDTHS.
EP () IX—R Tt Lagrange ZHRDOT VY ARETREN, EF (N BT HEFENTITERLRD
AREHRILETHD. —F7, E8(N) IR TFEEEFLEULAEHIRUZBTE Gauss BB TH
% EF(r) & ES(N) I RIEL 2B THH0 0 A IIIEFITHRTHITHY, (29Tt A

Eﬂ{k‘foﬁc‘:ODE@{P%H%U\“C%%E’J%E@%IT&%D% FYFDREZITH LT ON)DFHRETHIZE
N TED. Ai2.10)D Coulomb FE/FIIA T AFLJEEMBN ALK D 3 H0s 1 BB EHARVBEIETHY, 7
FEMEEFIH L@ Y)7e i n A7) —= 71250 OINYDF AR ECHEAETHZLNTED. BER &M

DOFBEICH L IS R Z ) e CEl R R A EH T 2288 TE5. £, KIS 1
B R DBE B 5728, GFC {EIZFE DWWz p L — o EL B R L.

DT DOREXNIHT DRI O R =V 725 H 95720, k2 e A XD =R eX YT
VRN O REEIT o7, FREBIERIZIX SVP %, A REFEMBIILIEIZIZNE 1.8bohr DN T RE =
K Lagrange WIfiZ A%, & C Jil1-12[7s2d]& H R F121X[3s]D Gauss BB LR A Z N2
FANZ. R D721 Analytical, FMM, RI OfE ALK 2.4 17T, pF D REES GLEREK
D) VT DRI DA — o 713 E L Analytical: O(N3°) FMM: O(N*?%), RI: O(N*9),
GFC: O(N'")Y T -7z, GFC IEITBIELIZMBIIEEZ WV TODT20, ZIRITTICIE A>T 1%
ZHE R HIETHD.
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EEREBOH

2.4, ZIRTLFAYE R/ OFF IR FLEg.

Dual-level DFT ¥:DBEH

KIFRE2 0y -t R A RH T 5729, dual-level % EPLEIEE (DFT) EX55 DFET #HEOHF L
TP B2 BA%E L7-. Kohn—Sham (KS) DFT I, i B kg FE L2 - TG, EEIRIEICE
FDRBUER DB A IRREFHEIZHEL S EL LKHWVB I TS FIETHD. LInLeDD, it
KD DET Tl SCF O FERNMNIETHDHT, KR 5F RIS L TIEZ D SCF [m1%3q3
Fa AN BINSE DR L5,

dual-level DFT 1%, #HH W% 295 SCF O Tt &4 8ET 5, DET #HHITx 928 LTl B
WWMCHD. ZOHFIETIE, £, 2 MHOIEEE AW BN DM Z R EL TH<. 1213k
HERIZR =2 F =R T T 2@ L~y Ml B3LYP/6-31++G#k), 91 D1d @b~k
Y REOHRNTANTEH AN TELE L~y ) LDA/6-31G) TdH%. dual-level DFT @ H i
X, EL UL EaAbOBy M HWERERD SCF FHEORE B4, KL ~L Ko xbotvy M H
W, SCF 3HEZ S TITHEE AL T 282 <HETHZL12H5. dual-level DFT T, Hfk7e
TRNF—FHE OB SCF Z{TH70 bz, KL~ bty b AW DRT #EICED, 230
EBETBELZRELTBL BONEETFBELTWT, ZREARD KS o)X —5EET 5. &
LoULy hOZhRIE, B KS = g/L X — S L CEEN L TR IET 5. dual-level DFT (%, &%
T FE DMEL~L D LR RIS A HAFR BAPLBA SR DA Z A > TH A IELSERB TEL LW T AT
TNZHEANTND. @bty T SCF #HREEZITHORWVOT, KiE/emiEGHRENER TS, £
72, 145 N5%E B3 SCF 12330 /= DFT OfE LW A2, dual-level DFT BB ST 4 Ji%
X Ry BRI IEE T D2 LN ATRE T D, F7z, dual-level DFT {5 TREUR /3 1- DL
FOSDIRBAZATH T, T OFENTH T RV X — 33152 BR L, RIS KB Db F K
I DFEAEIT o7, dual-level DFET {51328 8072 FIETIIRW 20, TR — D5y # %K
DDHETIE, 7 T OB O EIEM & HLDICE BT DM ENHLN, DR FEEIC X0 &l
{bAEFEBILT-.

FELT, ~TF AN ) —o O ER b AT 72, KL ~ULEyhELT SVWN5/6-31G, &L
~LtyhELT B3LYP/6-31Gxx% 2. @b~V DA TOFREER K 52 K] THHDIZ
FE, Dual-level DFT $£ T3 14 RFf CRBEHE LK 3.8 il md b Sz, 92D REEMN
REBIUIESHIZZDOZEIZIAND. B X—, fEERE, #EEA, S mAIlIc OV ToYY)
TIERRER TR 2.3 1T AR LR DORRZEL LR, dual-level DFT FHAEOFAZE TGRSO T/hS
{725 TW%. Dual-level DFT {EIZED EL A~V EHROREEZ LS TICRERFH RN FEBLTED
ZEDDMND.
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# 2.3. ¥THANTV—1® Dual-level DFT HHEICEBITAEL LBy RO R F—FRFE,

SCF Dual

B3LYP/6-31G** SVWNS5/6-31G B3LYP/6-31G**
SVWN5/6-31G

LT ZAF— (@ u) -1000.819997 -991.491120 -1000.815467
TRF—7 (@ u) - 9.328877 0.004530
) TR WEAR/A - 0.0095 0.0002
fEG A/ - 0.38 0.01
WEA WA/ - 1.10 0.05

M FERR DA 12 FFS VD50 R

PLEDOWFER RITENEN, 5B OBEFFORBICRESEETIHEEZOND. T, #lL
BT RNLEX—ZOWTE, ZIVETO DFT FHETIEIZBREICOAFHIITEn, E&M%
DMRRES NI Z 82 XY, #E =3 — 10 L SUSBNTE DR BV HIFR S NS, FT2, /01l
HAROEEMEL B Eo7228 0, RO EBRIFIEIZI T DHEMEHT Al £ T, #E B AR~
DOBELNEELTHA). LCgau PLBIE-CHEIEN B O AAEHIEIC OV T, WkE ol
[ PEEEE MO EAEADNEE CTHHZEEWLNITEIZDT, 5 %IT A H D
FEEOBFBEA TV THAD. EEE, R FOMFIEE XD, T TICRALN TS, AE Y
BIE IR AE DET (22T, A S HIEECIHE AR Z DO SEICRI ] TE L7280, 7= LMD
BLHECTE A SN AL S DT IS THNDIEAD . MIEAr—D o 7k GFC 59
dual-level DFT {EIZOWTIE, IR — R—a o —2TOR AT =7 17T LB 5N
S%EDON, EERZRT ) ROEOO TE AR DET SR OFEIICHRNLEHENS. UL
DI, BIFIEDEH DR FA~DERIIREL, D OS> TD, Wb H ER S
&, IELFIFAM RIAENDT-0, B ~OEFRIC O/ NA LI T K725 RSO B & TH
NDEHFFL TG,

4. 3 KB ROEN 22— ar FIEOBS (BT SFR7v—7)
(ORI 2 S OV R

AWFFETIX, D FETDEBREDRTEATIHNRPEEE L I2L— a1k THAL,
HAFTIVA—REREE VOB LV S A SR LW EB 2 TV, 2O END, T /34 5%
RGBT DI )RR —ar DB LWFREE T 0 T LA BT 5.

FEFRFN o T IRB)EH ER D BR %%

AR, TR —TE), WERERHAZ L CRUGE AT ADOBARIZIT 5y FIRENR ED
RIAN VLB B R THD. oy T IRENRBEIXHEE) Schrodinger FREXDREEL THZLIDMN, T
ZR<ICIE, OIERFRT v L DAL, @B ZIRBBEOHMOBREECHS. WL H HE
DN LEE KRG R AMEZETL-0, ZNETEFE A5 FOEFMIEIFHREITIEEAL
TREILTUN RS T.

A7/ NCIXZOWRREE AR T2 5 1R OB ICFHA T, BiE oL T~y
VVa—a EEREL, HF I U URB B RES AR L. oo Fikimickh %
43 F D ks FE FERRANFHEL WD TR EL 2R o 7=, FETRFNPE DR TR N F 1565
FHEAREL, IREIZA ML ORISR BRI LT, £, B EEREBICRE E5T, Fhitd
RERLAT AMCREDOIRBNKELZFHEL, HBOEBEBFREICB T FRBZORE T
Franck-Condon [K ¥ DT o72. LA FICZNBONEEFER T 5.

BREERART Uy VESIREICAERT DA F I ) a— 3 VIEOBRR
<~ NVFVS 2—a BT, RT3yl X —ilf (PES) %K EBIL, EE/RIHA
FAEEEIREHE CRIL, TNUAMIIVIT PR FiEE W TETZE TR SO
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5. ARSI PES 13,
V() =V, + Zvi(l) @)+ Zvij(z)(qi q;)+... "‘Vij(.w) ()
i i 3.1)

EFRDOEIN, NIRITEA TN KAEFTORB LS. | (KIEITZEDEIZIZIR TR T vy v 2K b
L, TOXRGNERLREW. —JF, ZEREOFEIXER TIE 0 hSRp i sns. £2C,
IRRIEIZR USRS EE IR ERH R A Y, T 52 NESW S REIZIX LT Elf 72 IR e A
EEHAWDZETHRIENELIND.

NRIEE TE 72 PES OREEEIZIE, N IRITR CTHIEEIZMED T VYR RERE L EX, Tk
@ Direct £ TlE yCoxM" U WTE FHIRIEF R AT HXLERH o7, 2K L~ F U Y a
—2 BT, ZREOZ VYR EOHEE (Coxm” (M<M) AT, SHIFNZENO TR
N — B RODDIZIVIRWE IRFERLGZ WA Z LT, Z13RAIC PES 258 T& 5. X 3.1
\ZIK57 1D PES AR DOFHRE I ARG EZHE KD J51E (Direct 15) EARFIETHE TS, ~/LTFY
V2= AETIEHER D 3 /K PES(Direct 3MR) &Rl EE D PES Z 43K D 2 {K PES (Direct 2MR)
LIZIXFCaANCTHEE TELHEN DD,

~NF VIV 2= al AEORFICEY, 210 O EIRE GRS ATRe L leoTc. LT
53¢ ® Franck-Condon [K{OFtH, B REOIEFIFIRE G H A FITUZ. 61T, il
HI NS -1k D 8 B kS E 3 R A 32T L 72, CO, ™ Fermi £18, #usd TR FEFHFIMEZ >
FHE, BABEAL B W CTEE 2TV INVFER Y, /3658 TR O)R & 3R #8704y 1 12kt
L, BERet AR E T AN TE.

1 40
%j}
L 1) X
0.8 130 -
(@]
0.6 | 3,
1 20 /8
0.4 5
i &L
02 | 10
0 o = 0
Direct Multiresolution Direct
3MR 3MR 2MR

3.1. KA+ D PES ARRICBITHEHHE AN RS E O Hrifg.

RENS = V—F 1 V H—FBEXOEMFE T H 2 IREEREBEE R OB R

VN TF VY a—aldEIZEY, 250 OIERFART e VB AR TED IS8,
10 JAF-Lh LD Izt U CURIEE Y 2L — T o H— RO E G ERREEE /2, 5
FRITMIREL T 10 A RREDOSFIZREN TN, —J7, D58 ClIkER ST T2
SRVELEEDND, IKFAE S R TAX—DIRENV KDL ATOITE T, UL, KEHHEIRENE
8 (~3000 cm™) IZFEFAIPED BN GRS, FAFIUT UL D AT L OIFEFRITUIEUIEF JEE X
B, MEE 2> T, 51T, B ITIA A EA TR CRERDOIEFAFN R ORE N 2B 2
TW72, FLWIEFFERGROBRE N GFHEEN TV, 22T, MO0 +REHHIZE
ACE, KB MG R AR O B L <RHA CEAIEFRAIRENBEER O B I HU AR A 72

— I, S FINREL AR D&~ IR E O fEE (100 - 2000 cm ) IZIRENE—R M 25, Zhb
DIEENE—ROMEE - FEE T OMAE DR AN T 5729, IREj— R /L5 — AL
DOEIMEEBIZ, IRIER EENIEF T RELRD. KFMHEIREENFEE CIE, AFREHMEITS ST Dk
REIXIRIZEROR B ISy 7 7T U RIRIEO FHUZHEL LT D IO 2RI 5 5. - T, =3¢
F — DRV VIRIED DA TR D D8 D /315 TIEBHRZIRIEIEN 0 23R ED, ZhRNE
VN — 7, BENER, FHRZFRITR VD, MR VRS CIIMN R L E L2 >TLED.

ZIZTC, FIREI O IR EEZ TR T2 LW L L CIREEM B E Bhi (VQDPT) 8%
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L7=. ClELEENEA M A S YD — R E R CTHD QDPT ZREIRE~EHL-b D TH5.

VQDPT ETIIRO LT HIRENRAEL TR LI L TWAZERT (P Z2[8) 225 HIICH Y, Z 04
22 (Q ZEM) 1 bDOFIWH AAEH (LUIRRBE D FE T 122 W e EH TEAR) 2B BT

9. Tibb, BEENELESIED RWERS DB G b - B 5k Ths.

QDPT Tl D/NIN =T A EA MBIV =T BNE25n5. “IRET

MIELTZA DIV E=T 1%

(m[HE"[n) =(m[H]|n), (32)
<m|H

Q><QIHIH>{ ! ! }
m n)= + , (3.3)
< | > Zq: > EQ-E”  EP-E?
L%, 22T, mon X P ZEMORKSY, q1E Q ZRIDK AR T . (3.2 0 — KM ESNT-A %)
NIV T AT NIV 7/175”%0)?60)(3@6 LINGSIND . § 720, truncated CI i QDPT
T~ REBEIOHAAIFI Y 95, B.3)DLEIT, “REBENTHWT P/Q Z2MDOFE AAER M
O TEANSILD. DA RS (m—n) ITIEREIRD “IREE DR E—EHT 5.
QDPT ZIRENM-E A~ 35720121, P/Q ZEMAZIRST NITURLEAEZE L2757
AN g el ﬁﬂﬁ%ﬁ%@;ﬂz&%,

= 2| m, —n, |, (3.4)
i=1

DEEWEEEL/2D, ZOfEN 3 L7eABLE MO A/ER A RHRELS, WIZ2 F2id 4, 5, 6:-£0)
JEF T EAE AN NS 722 2RI T5. HlZIE, ZkTRT 3 FHOE—ROHEF001)%
ROHEX, ZOWEELRSF AAERT 501, (211), (011), (002), (020) THHZENGNND. Z0D
hC, (001) R/ —ACITEL CWOVARELE T P 2EMICEW AR, LA DOH D1 Q 22/ D
e T 5. ZOIHNT P/Q ZERID I a ke, :(3.2), B.NZIESEFN N INI=T &K,
ZnExHALT DI ETHRNELND.

31 (3079) 22" :
29 ¢ (3059) 439 *

X 3.2. NP CH {WHEIREN T Fermi U R(vy , vise vie
Var Vizs Vig). SREBRANRT V(B IEHY) C B E (IRAERR).

FRUY Fermi 2EIB 23 Z A2 L THIBIL TS CO,, H,CO, CeHg (k20 AR ATV, FEBR
AR BAFIZH B2, H,CO Tld CH fiff D575 £ T Fermi polyad &R, FEEREEDFEZEN
8.8 cm ' £720, VCI FHEMFEZE 11.5 cm ' SR AR WHIEZ R B o, FHREEEIL 350 L1 Lo
LB EONT. K 3.2 1TBU O CH HHEIRENINE A IEECBR D N A REN OFE &5 L4t
3 HZEICES T, 3OO —ZIHT R EHBLL. 12 [0+ Thh~ B VCI
ETITRZ RN, Bri-CBIR LIz VQDPT IEIC K A< FHE ATRE THS.
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ARG FOEREEREG R

TIVETHRE LB A AR T2V CEHE B/ KE R I URBBIL72. KEHERD
IR A~ Z ML Cl, OH/NH 1EET”'§/\/% ECE em ™ {Eék%rzc red shift &7 o —R{bZ& L
5:}:753‘%%%&@\5 ZOHGINIIEFFEN IR TH D E LSS A, Zh Ll EEEAaA
NIRRT TS Q. Fex 137 a—R =0 7 O B R Z2 PGSR 452
LxH E’JJ:LT, TT =2 R AGO)NRT OKRFMAEIRE) N REEHTL, 7o —R=27 Ok
WaiR-oTe.

@

Experiment

Absorbance

S VQDPT2 / Multiresolution PES asym-NH,(G)
£ 400
£ asym- C
£ Y/ 2(C)
§ 200 N/H(G) |OH(C)
8 N
2 100 |
o
< Ll L
) 3000 T 3200 34088 3600
[
. . g 0 a a“;,.' .
F]
290 e 00 5 se % 4 b
@@ @2 @ >9_d >d_a
" =2 ? » @ L S o ‘. e °
Qs * Que Qs ’

1400— 1700 cm™ OIREE— KD
cFEAE L& oI

3.3. () EBR[1EEIHEICED GC AT DIEEIALT ML DL, (b)/ SR
'J%JE.

S K

¥ 3.3(a) 1z de Vries 512485 GC X7 D IR AXI V&1, 3400 cm ' LL_EIZ8iV e — o)
5 A&, 3000 cm! fHTIZ7 B—RAa —7 3 BHISIL TS, 2O BRI FRFIIREY AT Lo bk
75‘% enol IR " & NZKFBEFF O keto (KT T =0 DI TAZ—THHZEN 3> TWD. L

L, sV CIE 3000 em A ITIE Qs & Qr6l X 3.3(D)INTAH S 35 2 AD N —7 LvESLILT,
Ta—R=U 7 AR TERD.

AWFFE TR LTI=~ LTV Va—a 9k VQDPT % GC <7~ A LT, R4 3. 3<a>
TR T. —RUTHLDR2 91T, Fx OFEFAIFEH R IXSIRE RO E— 27 & 3000 cm™
(PR O7 o — R A4 I FHELL 72, 3000 cm ' F DY — 7 RECTleb @i E 722> DR EE X

P = 0.6 (622) — 0.4 (58,641) + 0.3 (761) + 0.3 (74)), 3.5)
% = 0.4 (13,56,) — 0.3 (6,53,68,) — 0.2 (76,), (3.6)

<‘:b\5?§%bfé‘§]iﬁifi\%éﬂé 62,, 58,64, 728 1XFNZEI 62 FHDE—FRDfEH, 58, 64 FHDOE
—ROHEE EETS. WX 2:1Fermi JLAIRAE, 513 3:1 LI THLN, B —7FHICIIMICE
%ﬁfxibﬂ%% ENEEND. TNHORAET 76, 74 L CWRINRE AR D, {8 — 70 FENRD
PREIZED AT V2 KIT T v —R LT 5.

SERIZRIEMT N, B TR B 54 A 1% 1400-1700 cm ™ OIREIEZ > NH £ A 4EE)C
KT DIRET—RTHLZEN G ND. TNHOMEE FEEETIL, o RS @1&%}&@34}&%»—
RE&FHEEZIZTHZLET, 3000 cm AT ThrHE E&G)&%b%m:vﬁ% SRR A S| E T
—J7, 3400 cm™ PL ETCIIRENV S~ FH T, HIRAIGISNDT20, $ine —27 35505,
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3.3()D Q7 1TKFEAEA T —RTHY7D, red shift 23147 TRWZWD, Pl —27DFEETH
5. KFREEE—RBLTLHE T B— RN\ RERF DD TR SR ELBR R .

Fox OBIFR LI FIET D TRZRELZR2WVONR R KOFFER THD. GC 7721 T, AT 2
T, TT = AHERA MU= T i, B UEREE AT N U T4 -1k B IE R R 2 B 2 5
EFRITL TN,

FERFFHEOBmB L TFIEOBRSE

Fox DI ETIE, KGR TING, IERFIRT v & L HEERE I LD S RRBAL, n (A
(G@% n=3) ETTHHUDELNHOSND. LIL, 5 FRHHFE REAEnKEO fT
HERLHDELITRWSDIZFT NI ER TSNS, HlxiX, GC X7 T, ZEHBICBEN
TWAT T =D CH fiiffgLs b d CH HfE3 88y 7 V358135 212V, ZIVETO
FETIIZAUIEERIE (2 RE) (826N TLE). FRNCEDIEFHIT—RDOB Oy 7TV
DREWDEEMINORTIREERRETH2LT, B0y 7V THERORLZENTE, #HHE
DEERLN AT REL /2D,

ABFFETIE, ZREMRDOIEFTFIELE NS, EOIREIT—RE DY 7V 7N EEF TR U
TONEAEI RN T D228 T, Wy TV T OMEZRETIERETHIL2REL-. Fl1T,
2 RIHIZOWTIE— IR E IREBERNZBWT, 22,

i = Ciy (0]Q7Q70) G.7)
2
© :‘Ciij <02|QiQ12|10>‘ ’ (3.8)
Y h|a)i —2a)j|

%?E;ﬁ&bf%ié:&ﬁ)f%%) ZZTC, Ciij» Ciijj &i%ﬂ%ﬂiﬁtk@b@@éﬁ)ﬁ%ﬂﬁé%& Wi, Qi X
% H OF—ROFRFIREN L & FEHE AL Chb.

OB EE Ty TV T HIZH UCEHEL, TOEB DA 7LD/ NSWGA, ZOF—R
My TV TR T2, LW EIE VT GC XTIkt HIREI B A To7-. X 3.413FD
FERTHD. ZORNLDLNDLINT, Iy A7 l% 1B-03 LLT=EE, &y 71H (88560 1)
DHL 6 FILL ENEIINTOBICHEDOL T, ZHUCE> TAUDEZEIT lem  FRETHD. o
T, ZOHREERNDZET, BEEZEETIERRER @S LA A REL 72D,

100 20 m
Total# of terms = 88560 =

a0 MeanError — o

= 15 @
w =

£ 60 <,

@ — # of terms 109

“ 40 =
S E
+ 5

] S

20 o

3

0 . c -

1.0E-04 1.0E-03 1.0E-02 1.0E-01 1.0E+00

Cutoff Threshold / cm-!

3.4. B—RBy TV TRRED Y A ZEICKRTT 2 GC T OIEFHFIEDOE () SHREFHA
fiE R~ DRAZE (OR) D RIfR.

£, ZORBEMNHIET, BETROWEHIBISNCHZ B 5M, HETHLLHWSH
T2 Z SO ERG R TR MO CGHIET 228 T, @REELmNREFRHTZR T 52 LITh )
LTW5. 61T, #REMIRT DB, EOF—REAy 7TV T30 550, WO TFEITA
MTHY, SESF R TIORBOAMMB<SGHE K 2 LEIT TS,
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EREDFIEEITHNZ, VQDPT FHEIZX 35U, BAEGE T A7 7V — Dbt 5 ki
FAEHELICH BAERWFLA TWAD., ZNHOBIZEICLY, KiEZmiE LN FRIAD DI /2> T&
T,

et IR B AR AT IS D BA 3%

VQDPT ¥, PES 23 single well ThHZ &, TR0 BN T2 EL TS, —F, IS
TeAIESE R L, S5 D& HEREEIZ I DI 5 I 3ME— O i - IR A e T, R
EORPLEIZLVIREEIT —EDEAIED. 41%, BICRKREWEMERREWOIZITFTOEGRLE
HEETHIENMVERA K THD.

AR TIL, 59 T3 )5 (MD) LIEFRFNEH R AL A G DR HI LT, BuEEh I L HIREN S
DIESEH AT FIEEZ BT IR L. 2O HEEZ 77— ACNEESN KRS FOIEEE
FA~IGHL, 77—V N TRGER 2K F D OH MfEIREIDIREI AT ML D32l —g
U EITOT.

100K

7

o e e

3.5. BREREEATIEICIVES N, 100K I2BIFA 77—V WNICIETET A
K53 OH X FMiIfE, W0 i OIRE SR,

ZOFETIE, £9 H,0@Cq O —JFFE MD FHHEEZEITL. KIZVB 22780, 77—
L ATKRDBRA-Z 4T HIE T LI G LB O KEL AT 5. 2070, R EiaEE 5
LMD I3E T, DFT{EICL A — R BEEH R AT 572, DFT HIZIE BLYP LB A v vz,
100K DIEE—FE MD 7L, 1ps O {k.df%, 10ps @ production run Z{T7-72. 10ps DrFY
IR =R Ty 7 ay MEGEE SRR CTEO L, K5 F0H0O H B EE V= IEH D
REGHAZIT o7, AT YT THROLNIIREIE A AN T AZLIZORK] 3.5 DAXIMLTH
5. KRG FDOBFELE | ZID AR MV MG ZF > TIRBDD NI NG, KA FILIRFEDBENDL K
HHVR 15T, IRFNTIE DW= EE|Z OH HHEHREN T blue shift 75728, AT MU EREL
N tail Z51<EXO72TBIToT2.

FERfIREN - E 7 u s 5. SINDO DBEZ

ZHETRZRLIZFIEIL, SINDO 7T M 3w —bET5. SINDO (1B IRERF
B OMEREITEF > TV 722U 23, Gaussian, Gamess, ACESII W o 7- LA B L FEHE Y 7 e UK
IVUENMET DR E 72 > TG, EERBEREITIEF AR T L2 )L DAERLEHRE) Schrodinger 72
KOV NVNR—ThHA. HiEELT, QFF {4, Grid 15, ~F U Va—Ta kR, &% VO,
VPT, VQDPT 728 & FRD FIEDRINTE .

ANTTA B —7 = —A|Z % Fortran @ Namelist f#$FEA{H L, VB /NROD/RTA—H5%E TH)
VET B RA T MDA BESIVTOS., BURTIETFARR—ZAD AT U2, GUI IZ
FAANN T 7 NOEREETEL TWA. A AN—A B FEITET, FEFRIEB R OHMF
TR CHOEMETEDY 7 =T R Da v 7 helpoTvA. SINDO (2B BRIV EbEix
TCIZ 10 B N—T B E AR TERY, 22— —HUINEFIZE ML T D, EHThD
version 2.2 1ZZ<ORBITMHATZLEMER>TWA, ~=aT )b, Fa—R T, BLOU2T
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YA NBUERHL TR, TV RR— R AT 5T E THD.

Integrated Electronic

S I N DO & Vibrational Method

(- VSCE -) Electronic Structure Theory /- Direct )
VCI— B @ ® Quartic Force Field
vee B Anharmonic | = shepard (ath)
Potential Energy Surface
VM - " Multi-Grid
VQDPTH B ® Multi-Resolution
Vibrational Theory
TD-VCI " " Screening
— . /)

3.6. SINDO a5 AORERK.

LN BTHAFIV A ik

W HEh )RR IO & RITBER O IR/ Th S, B AL LT, i T E )
FCYSRES T L =2 WHEIC S 2728 LT, BFFRIOX AT IV 2D, TDOT R
— IO —RIZHGRL CLEIZE, HRMIUAESNETD. L1L, R FROETOHBEEL
B PN FETEVEOEIE, BOHHEIAND IO EE ERATEETHD. T TRERD TR
ZHOFE, BRI A HEIZKL, BATKE CEOE IR EZTVANONL B @A L END.
ez 1%, FOEDOEEALRT v LEFLAO Shift Operator 23% AV, F=2 b7 MNEBES
HAWAZLET, Fa2 T M4 AiER) FEEXAE 2, 20 Quantal Cumulant Dynamics (QCD)
L, BTV /L OEERIR ETOR R IAEND RS EFFORT Vv L iCh i AT 6E -
LR ITC~DILRNR Gy, LW ST BERIIFEIR - B A L OR] S 0365. ZOFEEZHNT, 4
TIREVENT, 7 N BB SR OIS AR 21T o7, ZORE5, W iEh ) oRE R0
B ERHE O A T 5 LRI L.

3 LTKRFBHAEE T TRICKLT, QCD EE AW IREIAY ML EHFE Ll & O J kD
A m U, ZEDFAFEE) 7Bl TIE 100cm™ HOEIENHADIKL, oy 78 /%3
BONT = AT UG RS o To 8 — 21, FEFRFOEN B EIZANLNLEND, EDF-
PIRRFEIE 40cm™ L70%. QCD IETIHE, FERFIRITINA, BT RLBEIZANLNLFND,
WDk REA BN RO, SEHRAFEIT 1Tem™ 725, 20X, AFIEITEA2EA2E IR
fENTIEE LT, B FETHL R -7,

% 3.1. QCD 1EZ2 H W REI AR MLVEH R LFE 2 O 5150 Lk

Harmonic | Classical QCD2 VSE,ECI/ Exp.

H, 2 4515 4385 4342 4353 4401
2 3825 3713 3690 3656 3657

H,0O V) 1628 1573 1560 1577 1595
V3 3951 3812 N/A 3769 3756

2 3040 2901 2843 2866 2843

Vs 2997 2868 2838 2849 2782

V3 1766 1764 1723 1734 1746

HCHO V4 1548 1504 1509 1515 1500
Vs 1268 1247 1250 1251 1250

Ve 1202 1166 N/A 1189 1167

- 30 -



wpnf y-pyl zpz . H D
xpr ! ypy l zpz

3.7. T =r=U b HOKFADEE O FAZER]. ()22 EREIEEY, (b)UEL EARILE)E Y D5
BOKF-. (D)DKFEDL AT RV BB THEL ERED DL TERE ~ER T 5.

EFXaIaT VM AFTITREDORSE

W ORT vV O S E b, BFA7RESIREZ S BIC AN &R T
Vil | 2R AL, e BENS OIS L. %0 OF T VIRBTNT, DNA O
T == NS O L E T O N BB SR L AR FEAE A L 7 e s B EREED
HB7R 22 ENE R R T2, 3ODKEREADORT v VERX, F0 FTOBFIIRT Uy
VBB E AT 2T o 72, T O EOX AT 2% K 3.7 (RT. KFBBENREBOBINZE
MWERFILIZEZA, KBENRDOLEITR FVEEIN Y, 2 EARKRZBENREEN RN E L
D, —J7, EAEZEBEBBULT 2 BEAREBEINRIEICINS D=/ — RN EY, FAREBEHRIZLS>TZO
EENZEALIND Al HEMEZE RV E LT,

F12, ZOFELIKIR TO Ney 77 AL —DHEEER OATIC AW, X 3.8 ITHEDFHLNS
DOFFFECToH D Lindemann f55a~7 vy MUz, AKIR TIZZ OO RESDB/ NS TEIAR) ) THD
DIZXFL, EED LT R ELR NRIRH DIRBIZER 5. HHloZn 5L, fla
WA Y T BN G- 2 T EE) T R LT — D REESNKRELARDIEND TR, @l L#hH D
M D IHAFE DAFAEFEIR A R EL R EL M L2, ZDINCZDFIET, BB D AR
I BTN RERIAT FIEEL T, FEFITA DR TR CTHLIFE k2 107 7V r— a2t
THAGNZLT-.

Nera SAY—

—QCD
—(D

TS, B DIEX

I B i
Addilional Kinetic Enengy (funi)
BFARICLD, ISAS—HWIETS

3.8. Ne, V7 AX — DFEEFAIARE DAL+~

QWFFERR R D4t MiRFS D2 e

A7y =7 MO LT IEFR IR BN B ER 13 /0 e R FE )01 B 21 VTR, ILFEFZEDRM
WA DERHE K TND., EROREIASRI MV EGHERE RE2RE T DL T, BB S RE
TEIIR B TED IS, ZNETHMR TERDN ST AT ML ORI LTI LWVRR A 5. %
HZET, HERITEMERNRL ~L T FOBZEEIOBENRELZ LN IND. £z, 22T
BAFEL7T= PES ERIEDT AT 7TIXREIEICIRS T, SUGR B T2ZENTES. oy i
Y 2R R IR E A R DT, B RGO R BICHEND. AFRIZZNOD3E
JRDOWELT2D.
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4. 4 WHRS FHEERICE DT /A4 RO R fR B LR RedlaE, 2 1ak & (B b 0F5eET
LRI V—T)
(HBFFEFERENZS S OV R

PLEDIHICBAF L CTEIBEmIL, ZAVE TRV Z 220> Te KBRSy 7 O & ks B s 7L a3t
BAFREICT 5. BT LC BT, 770 T AT — L ZFES IS SN KR, K RD
WAL FSOGCE BB 2 Rfe T BB E ORI ED CTRIFEICT D, ARAFFETIL,
LC EZEIIUDET L A MBI LT BGG 2> T /A4 ROMREM B AT RE R, =
NFETEZLIL QRS TZHIT-72 3 R D73 o7,

FEEAROMEBA R EEERE

IO FHEMEIERE D ZF LESNC I, B LFRHE O GUI RIS HE R R ~EIRH
V&R TWD, ZOXH72 K - MR OREIEIL, KFBEEST 7o T AT — LA (vdW)FES
72, RIS LT A RS 75OV BAE I Lo T ELENTWA. > TZNLOFH AAE
R E I RO ZENEETHS. vdW AHEMERAN S BN TEDI126 L CTKER S
IR BRI EAEA CHD. ZNOMEMIC B DR AR S EERZ2 370 2 1L
IR TAZENEETHD.

Fox DPAFELTE7- LCHvdW 11, LC 154 vdW ILBISERLAA A5 HIETHLHMN, 1EkD
DFT T a<HETERD o7 vdW 55 OIS D EZ R F H A FTRRICL TE 2. Lol
BRSO E NI EERZ EL ARFELAZEN TEDMNITFHMESI T2 o7z,
ZOF EAE BARIIOE RO ZBARBILEE S A V- DFT A TOHHFEEHI TED2, vdW
FEA LRI T AL B CED DET XN E Tt o 7o, ABFZETIE LCHdW %, 08
FEE R, BRI OFENRE AR, BRI FE R -iE 6 R, TLTOKE/BARIC
WHL, 27089 G R A MEREIICHBL CEL AL,

/& o i 3 Dispersion
ey i complexes B _ . . . .
Cp HeCM 2 Co ClHe 3: ., Cab . o I BLC-BOP+ALL
1 + 1
o woeo — | OMP2
0 & — | oM
4 Cp. CM-Ne 5Dy CC = --= : . Bg 1
n 7 | i : = i WDLYF
Pwees G s 1 G — N
S 9 1 I 1 I - - - 1
\7 Dy CMCM  ECp O 10 ‘,'/ . _— ' i | ; ;
T ! Stacking b : : - ; o 4, By Hu
= : # k. R
/_ @ @'O_‘h complexes -#‘ I 1 1 II"'\“MH_G - IB‘H £ C\r— ;
Ly i s i | 1 | o s
@ 33@ ! ! ! T T T T ! 16: sy, NeC 17:C,,. SiF 15 0y CH
I | I bl T T I H b
5 I I I —- % a——
= Dy 10 Cyy 1 Cy, 12 Dy, | | @ """ ol &
I _ - H A
@@ 8 S ' : Dipole-induced N Dol e
- = % Hl dipole complexes
oo oo R s —— | s
3 Cay 4 Cyy 5: Cj
\_ 13 Cy ! 15:C, JIV i I 1] Ir !I : i
1} I - - {l
f'rs oty O B S 3\ ! ! Dipole-dipole |
Loas i | | complexes |
2.0, 55 250, 001 M Cpp, T-C i - 1 1 ] 1 II
Qe {n 0 Ii,-q:n ' | 1 s 'N,"& \ o Y
I r s ! | | ¥ Hydrogen-bonded [FSNRNGI.
= B complexes =
k . / ] i £ :.-_H____,{ ———————————
-100 -&0 60 -40 i ] 20 40 &0 80 10 120 H
. 3G 0N BF
Percent errors (%)

4.1. FOREE ROFEE T RNF —FHRED/ S — U NEZE.

vdW IL.E8%51Z Andersson HDOILEIS(ALL) [Andersson et al., Phys. Rev. Lett. 76, 102 (1996)]
o7 BAM 4.1 1R, [MEY, LCHALL IED BB HHPHTFVFEER RIZONTZ DT
B E IO G X — 2 HEL QWA Z N bns. 7, EIRsED MP2 EEhiETiE, #
Zox T EIRIZON TG =RV F =2 B HETERWIERHEN OO, ZDOZEND,
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LC+ALL 5D LR LTZ95\ s A R ~D i I TEDS A SN Ao 7=,

TN H 7228 OBV RIS

DET 5367 )V 1 SRR T IV I3 D BMHAC SR =¥ — % 2 B CE W2 SN R
HEN, ZL<OF L TilEamS AV TETZ, FFIZIRD isodesmic SMZDOWTIE, BEFDOE DPLEIHT
LR TERNESNTE.

n-CH;(CH,),CH; + mCH,; — (m+1)C,H, 4.1

4.2 \ RTINS, TAHUBRELRDIFE, EBRENDOR #ﬁdté%?iték%&iéﬂféﬁi
(Wodrich et al., Org. Lett. 8, 3635 (2006)) . ZORIBED R R ZERAT-, AAFFE SEL
T % B0 ZDHT LUNILBEI S TH D R AT A 4371 (LRD) LB 4% [Sato and Nakal J Chem
Phys. 131, 224104 (2009)] % LC {EEAB DY, ZOKIGT RNV —GtEEIT-72. F72, 20
JH7 BT N OFEEFHEIZIL, BEFOMBIREEICE SNV TN DI R ET HE
%zma LC-DFT % LRD ARG DOEDLZET, ZNE TRV DL~ 7-F Ky

NS BTEI L ATREL /2%, ARRFFETIL, LC +LRD &2 7 /L A ? isodesmic St i
Fﬁbﬁ_n"t% X 4.2 (T I9Z, ELDTEMRERMGTRNFX—E5LZ LI LT [Song,
Tsuneda, Sato, and Hirao, Org. Lett. 12, 1440 (2010)] ZOZEND, BT D DI+
JRA L~V LL EDS O S HE T 5720 —HAEENORDBIEIR T HEE TH->ThH
RIS HLE %Vﬂ"ﬁ&ﬁ@ﬁﬁﬁf»zEfﬁpé_k#%ﬁ@‘ﬂﬁéht

—@— LC2gau-PBE+LRD

@ LC-PBE+LRD
—@— SVWN5

il LC-BLYP+LRD
<4 LC-BOP+LRD
—J%— LC2gau-PBE

----- B97D

v «B97XD
—A— M0B
—@ - LC-PBE

W wB97
—=— M05-2X
—@— PBE+LRD
—— M0B-2X

A 9BITX
5 ¢ BMK
-124 1 —@— MO0B-L

n CH3(CH2)mCH3 + mCH4 > (m+ ‘])CZHG I
'14 T T T T T T T T + BBLYP
1 2 3 4 5 6 7 8 —&—HF
m

4.2. % DFT HEI2LAT IV D isodesmic KDL R /L —EHEAAE DR,

-104

Errors of calculated isodesmic reaction enthalpies
(kcal/mol)

SHIZ, BRSO F<—78y (4 4.3)1I225WT, LC & LCgau {EB L U4 72 fx
T OPLEIEE W CEHRE AT o772, £ 4.1 1R T I, LCIETIE AR E B ﬁfﬁb“@\
BHIERDND. Fiz, TN HBIIEFHE TES LRD BElialilAafb s ok, SHIZFRE
DUESNZ. LML LCIETIE, BRIRO 0 E ENDINITDOWT, L= R/LX —% @i
BTN ED S0 T. BRI oW T, LC XY LCgau ERIVERKEHE R4 52
TWD. ZOZEND, BRI 1Tl core &1 & valence B EDORIEEEH AAERH A KEWZHT
bHLEZDND. Fiz, LRD IZERMALSIS BTN T LC FHROMERE IV ET LD,
3NN EMAC SO G R F 5352803 ot
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F 4.1 BR2 RPLBIENC X B U RS = 3 F —FHR OF ) 3R E.

# of LC-BOP LCgau LC-BLYP LCgau
reactions B3LYP LC-BOP TLRD _BOP LC-BLYP TLRD BLYP LC-wPBE BMK MO052X M062X
ring system 8 2.87 3.21 3.27 2.31 333 3.39 223 5.53 2.07 190 2.26
normal system 26 3.47 1.76 1.11 1.75 1.27 0.89 1.31 2.05 1.65 1.69 1.48
total 34 3.33 2.19 1.86 1.89 1.96 1.82 1.58 3.22 1.76  1.74 1.70

'
|

14) CHyCN == CHNC 240 GCoHeOH  —=  (CHy0

2 - A 15 ~NH, - _,r':\ 25) 'ﬁ'\ —_ 2\
3 - PAY 18) l|~'|" - ‘E\ 26) iw —_ E‘o/
4 - M\

5 . A 1?;H1N,—/w-- p}uwnﬁ 7 o - O
8 - A & - Oty = ,i\ - O
7 - | . @ é - Fg™

v
Yz
-,
t
A
-

19
8 !

N
&) N H
20 E] - o .
N
10) - 31) —_
.\ G e
21) g - o
1 -
NH;
12) Q

GiAr?QZ%%%}H

D
*ﬁb 22:@——@@/\/\}%-%0/
Mf*(>m9*&m&45§

4.3. 0 EN 2B L BMALIE U F~—2 8 b,

S THERG S TTE-CA DX FE B OIS

AL AHERRS 13O FRETZ Ko TR B O - i i DS E AR A T2 3288 THY, Hi
MEFEL CTOREEMNESS, HAMNAREAINOIERSN WD, RAEEBEA Y FiEmTHD
tetrathiafulvalene-p-chloranil (TTF-CA) &, JE 77, {BECHICLY, FPE(N)FE A A P FH FE
THABZE T, BRI HIT O TERD, ZLIoRWET UL EDWTHEV DI, FFIC
REE LAV HEEMA s v, JRIR D121, $EkD TDDFT O, B EE kK
FNF —Z/ NG, A E B CTERNEWI R RIZH ST, TTF-CA fEfhit n A%
XU (ISR TRERRES I, SIRBHENBEMBENE ThoH7280, 1E3D DFT Tixa<Evk
ZILDo T, AWFFECIL, BT EZ kS E L CE 5 R IR E(LCOR K& AE DFT (TDDFT)
Zoy TR O BT ISE 5y i (LRD) B G S A A 8, TTF-CA Yeah i AHssf o A L7,

N AHSDOFREEBAZET /L EL, iEE)Y TTF-CA fEhC 5 3 D5 8% G2l - F B2 B
DHEDHEE LT TTE-CAXT DAX 7 I (a7 [\]) &b #ih 5 [ ~OF R E A5 EL
72, JEEC IR RE DL EREE D FED, SEHIEE A a e TTF, CA Oy A ka5l &L,
Sy IRV AR LT 5 ATREME A RIR S LT,
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failll® |

14 1.2 - -0.8 -06 -04 -02 1] 0.2 0.4‘ 14 12 -1 08 -06 -04 -02 0 0.2 0.4-

4.4. FJEIRRE(E), BEREECE)DRT v /L . RBREEIL G &I,

JINBREE DO FRE R 2 KB~V 7 BT THIA S, b ~T 23 E PHDO~T DB AT )
THNF —ZE TS, IREFREL NS5 mR L. MEELLBE T 2L TER
ATV BHL, MG LECEFHFBDRDEN A ALREE 2 e2R LT

4.5. JENEMICEDEIE AR MVE(LE TTF-CA O,

LT & St o i EAE D fig A

Fe T2 A (TIONZ LD SEAMEE RO 5 A B W) - BEREW) DAL 70 i RO DY AR ST
W5, UL, SR I IR IZBA SN2 TR, 563k, H,O HskD OH T3 L 25 EfE
AR SRS N E TS 72728, OH TV L D & IR IRV S DOUER LW B &M/
X<, SRS TWD. iilt, TiO, i LYt b KOS L mEZ R THHETL, OH U7
R Oy TV ANIEMFE TRV e RIBS . KRNI KV AU BB E S AR LT
DAL THIVTNDD, B2 T /0 ISR CE22u . BIRER O RS 5 Dbt R B s
TIHDZEN NI D FSHERE D 45 W F R 2 FEL <L TUV5.

AWFFETIE, LC-TDDFT % HV T TiO, KAl S i D) A2 2 BRI IR LT, Rifi 27
ABET VAR ST MR ZR 1 &% D 5y A5 D A7 MV EHRIZLY, Sl 5O OB
IS, £, TiO, R EZF DWW ER GO AT VAR L. LC-BOP LB %
i, TiO, M B L O DR W EHE DO E A7 MV R EZ1T 57, BILYP LB XL
D EH R U7, FREBIENICIT 6-31G(d)& V2. TiO, M IZlX, Anatase i TiO, ?D(001)7
AT ZEYID U S E R TNV T BT P LT T AR B 7.

TiO, A D EAFHE AT ML DOEREK 4.6 DFRFRC/RLUIZ. LC-BOP X, B3LYP O A IC
RS AR ORI E — 2 % -2 TUCERIMEIR D 22N e — 2% 5%, 3eV LL_Eh
BRI T2 TiO, K i D FE T AT ML ORHEEZ ELFEL TV, B ATV ORK
E—21% O @ 2p #EHS Ti O 3d BUE~DEHEIC kST 5.

FEWNT, 7= /=D TiO, REWAETT W OWTHEAEEIT TG R, TiO, Kl DK
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N E —27 LRI Ui =)L ¥ —CE BN RIS 2R LT (K 4.6). ZORKE—71%

7 x/)—)b NS TiO, £ d B ~D1EFBENHHYS 5. Zo1EFBEcLD, 71/
— /U TiO, BHNICEBEMRILESN TTV DN I F A ALL, 2R P ORRFELEDRBER SICE > Ty
R HLEZLND. Fiz, WEBRDOEBFBEIORINE —7 BNRAERIOLDEERDLT D, ZivE
TOD UV-Vis AT MUEHTIZ 3N CIEEER LD R S SV TE ATREMED RIE L TS,

scillator Strength

O

w M| Juld |

2.00 '..'_.JI" 3.00
Excitation EnergyleV)

%] 4.6. TiO, KDY =/ — VIR RIEDEA AT M ERFER DRKE —7 DJihitd.

& RBAZVEEte AT DNA QR EMIZE A E AR

DNA ZHEEEYEM B L CEEMME S a7l /77 /ay—IZS T A T iR
HFCITOI TS, ZDIH7eHC, DNAIZA B ZENLSEDNAD 51 B IROMEE 2 B XA
ZHZETHIRIEWERATHS. LNLEEDDNAOYE FIZENL T A% AT DV CTE— 8 Tl
<PEEADPOREMNC B AR SEHZ LT EEL.

UTAE, DNAIZ Euw_iﬁ%&#ﬁ VUBED Sy IR — 2551 F O N LDNADO AR ANE H 218
WA, AT HIZE- T, X4.7 (a2~ 9 [H-Cu?-H] (H: Hydroxypyridone) % 5{# 3 ~=7=8f-1 4
VEE T NIDNADO2ESFAHEZ AR TEHZENREIN TS [K. Tanaka et al., Science,
2003, 299, 1212] . [H-Cu*-H] OEEIZHOW TR X ORE & 1372y, | 5IXEPR
DFEFSCu-CuD FEEEN3.7H0.1ATHHLEL TS, RN ORE & 134 8 -FAL &0
FL72BN, WIS OLEMEIZ OV UL BRI RS eI, 22T, AU T
[H-Cu*-H]D ~BARIZE T, IR EME TOHAA MO BEEE A A AEH = 3L —% 8 H
L7-.

AT TILBR R O B PLE S A2 IV =, Becke ZZHAIL B IC I 72 58 TR & 7-0P
TLEAE % L 22 B B 7= BOPILBE S LC A A0 A L7z, A R oG EICBW I 77T vy
~1V2ﬁ®%ﬁE%bﬂif_ALL¥fLFa'§%< TED, AR T DEBEPRAT- FAEAEH ¥ —

DEFE1Z1EBoys—Bernardi®® CounterpoiselEa AV, FLEBEEIIEIC6-311+G*, DM DJFE 12
6— 31++G**7£’)ﬂb\f_ Tl T Lo — I IEIEIR Gaussian03 2 V7=,

F7°, IR AP=CH,J)I2351F% [H-Cu*-H] & 4.7 IR T A4 D7 [H-H,-H]
DFEWZOW T T 5. Ml bicdy, &RA4 %28 F20 [H-H2-H] | Xi@ % ODNAL
RERICKFEREAICIVZENL, il r L X — 2B X% 15keal/mol B2 EE LA SN, ZHUZ
BREET T =0~ F I B KBS T RX—ITH Y5, K4.81TRT RIS, EHERM O IHEE
$9.5-10AL720, B ODNAD I O REXEBBLZRIUETHS.

WIZ2HE IR COARL R L T 23X — %5 S5, 28 et O i (b I 30@ 5 ODET 23
DN RZ T IA A TR D ITREIE DR LN Z L EFHR DD THEL V.
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AP e po e e T

4.7.: (a) [H-Cu*-H] BLO(b) H-H2-H DAL,

(ar 3 (b} ; . “a”
s 9 @ e @ & ‘¢ e _a 3
aHS @ 2mp e, gHG T
' = 1l
f JJ‘ _.-'JJ a4 ﬂf'ﬁ .'r.i-'l..‘.‘ »
E-J'J"' [ 4 ,;"ﬁ..l IIz 3
40 A ' 5 G941 A

[}4.8.: (a) [H-Cu®*-H] BXO(b) H-H,~H DO kA,

FO7, A EF 4 1EXK4.90 15 2 H % 8 E ODNA S [RARIZ 36 BlHES 729 2 C M IR A 28
ZCEDHKRIIBITHT I N =2 E L. TOREEZX4.10(2777 . [X4.10()5Y, Cu—Cu
O FEBEI AR A AR = % L — D/ N -2 ArOE BRI 52 B L% 3.60-3.65ALEHE X
N5, HERELAIMIEE L TWDIZH EEROCu-Cu MFEREXZ LS REVWELZRD8, 3.7
+0.1ALL QWD ERERELN—EEZ/RL TWD. T2, AXvF 7 T F/LF—(39.1 keal/mol&
7pofe. B ODNAERIERICAZ X 7 CLETSH [H-H2-H] 128V THZDOMEAIIRELSE
ELTEBLT, AF X 723/ ¥—410.2 keal/molé72>TUWNT [H-Cu*-H] D& L KEA
CAEIZ 72> TV, DL EDZEDE, N TDNAIZBWTHE I TIEAZ v F 7 W2 A%
HLTWDHENRG-oT.

[X14.9. (a) FEEIFHE L [H-Cu*-H] — &K (b) (@) Z2ET/ULLIZHD. 22T M (348 EA
2, v IXERAT OB EZFRL )5,

ETI ik

!
3

- ey

|
|

ki E ool i

[X]4.10. (a) [H-Cu*-H] #Lb) H-H2-H DiEEERBEEAY »F 7 23X —O R, FEHRN
WD DFT TEFELEME T, 2 ALL LB O IEZ AN R Th 5.

WA, AEARBEIZ DWW TELZET A, EPROFEFEND, §iA4 DAL (Tparallel oAy
NoTNDTe®, [H-Cu*-H] —EAROAL REIX ZHIENLELRDILT THDH. 2T
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PEEEZ3.60AL LT, AL LA BB LI —BIRKICHOWT—HIBEL - EHIECHAEZ T RA2E
42128 F. ZoIHIL, —BHEESHEADTRLX —E I T 7T NI — IV AOREEZELTH
FRE T2 AT — A MELIZIERI UfEZ 7R L TWODIEND, HiIRTIIEEE I ENZE o
WEENFIT 111 OFIE THEELIDILEIVRENT-.

# 4.2, —HIE. ZHEHEOT VX —LEE (FE BT,

Energy BSSE EvdW Total Energy
—HIA -5025.599720 0.004711 -0.023111 -5025.618119
—HIH -5025.599727 0.004711 -0.023111 -5025.618127

S RBAFTVEELIAYTF DNA DR EMLHEEICET AR

MR TR EERREE R T4 F D12 THD DNA [T R DK FEfELOAL
XU TVECEESTHHFLELTUERICB O THOERHAIC B WO TH IR ISR IR W E T
b5, —F, @BIEKRITEIREBOZELRE R 1L G EREAL OIS AU © 708
RRA LS HTWD. ZO&BIEIRE DNA O BEAEHT2RICIFE 2 A liESh TV, §F
\Z, KEAA L M2ELH AT OF I 2 55 FLFEE LT T-He"-T 7V U EAEDZ L3RR D
ERIOLEIREEDILERSTNDERE, LLRINLE L DOIFFE /2S5,

TR, TV DOIAY YT (T-T Ay VIR EAZ I IEHZET, KPAF L Z ALY H]
BETHAHEVIZENHEZIL TS, UV-VIS AT NUNKERA A DRI Ty R 7R
TVWAIENEDFHLESN TS, £z, FIVDORE 5 NS %EK 4.11 OIHIALZERL, &
WD pH ZEZHZELICEVKBAT L DIRIRETRAFT L ERZHZEDMESNL TN, &8
-DNA $EROFHLWEEL TIER AR ONTWA. UL, SAF LV Z 2 - F IRy T I2O0
TR E DR E o TRV, ZNHD R %) T A X THIET HZ LI EMEFEO 2D
TWERFLOSHIRDIBOT-DITHER A R THDHIZD, AFFETIE )KBAA > E2ETeT
LAy TS DAV DIEE QA4 2 E LTIV IAYy T OMEIZET5
B, SN DL ND AT LD TR O 2 A& BHEL CEBEBEBUEIC L3 E
11-7-.

HRETEET AN FLELT, FIUIASTYTEEZD. N IR—U 5 FIIATF VTR 5.
G RAE L, IEENEHE, BRI EEMAT O B2V T B3LYP EE Y, B ka0 &Iz
B 8] A7 %5 B UL B BvE (TDDFD 2 W=, $£7-, RIE B %13 4 8 (He, A Jf 112
Aug-cc—pVTZ+PPHREART v V)& W T, ZOMDILHEITIE 6-31++G(d, p)& vz, A5
12 BT Polarizable continuum model (PCMYEIZLY, KIAEBENICHHZEEIRKTEL TS, Fi-,
ETOFHEIZEB T Gaussian03 2717 7 L3y — L THW .

O 0O 0O 0
\\I)I\NH Br\f‘\NH f-\f‘\NH NC‘ELNH
““rr’**o rr’]*o NAO T’ko

T Br F CN

4.11. FU DR 5 NLEHK,
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(2) (b)

1

0.3
= T-T dimer
0.8 ¢ 5 025 Hg] dimer ——
0.6} % 0.2 [Hg]-{Hg] dimer
h / 5 0.15
o
0.4 |} 2
= 0.1
o
0.2 & 005
0 L s - M ~ 0 ..‘LH-I\-||]‘ ML
240 260 280 300 2320 340 240 260 280 300 320 340
wavelength (nm) wavelength / nm

4.12. (a) FEBRTEIHISNTZ UV-VIS 27~V [1] (b) TDDFT IZX0ELNT- AT ML,

(@Q/KBEE T-T IRy F

1 HE RS CIE T-T A~y T4 T-He'-T 7'V v HOMO—LUMO+1, HOMO-1—LUMO D%
Bon-nxih ) 23 F T o723, W IUb RN R E— 2775 250-260 nm F2 TR E AR O
7einotz. WIS 1 MRt g i b L 7= #2126 0 1 D HE 5o 248 Bk R R B DS 3.65A, i fd
D3 36° LIRDIDNTAS YIS T 2 HiHxtOEiEE# 25, TDDFT IZLAE RAEITo7-L 25,
412 RTINS, KA DB LS TL YRS TRL TS, KERAA LN 2 flEFhoe
REL YRV T RT25D0F, LUMO IZBWTRBAF R LN RESHAELEAL THDTI20 THD
ZEMFHEZ AT U B LV BAS)NC e o Tn, ZOMEANTIREE 5 ORI FEEZ ThH R
SEABLZR.
(bD)ERER T-TIAwYTF

4. 13 ZERE(D, (2), B)LZ DM DIIEAF — L& v d . lH DFILIAY Y F OMEIEID
HDHAFEWN)D T a b IS NI VIZERA A SEANL T D) DA E D R ANZE 2 5D,
WIZ, BBHEE(TS], TS2)Z#% T T-Hg"-T 7 Uy L7 X572(2), B)DHEEZ DA iE
FaE b OGRS Tz.

J @ 2 O
29 9 o 2 o9 ]
+9 O Pl ;o o J 29
e L, o @ e @ o
sa O sa O , o9
4 [ ] ,J ' Y 9J
(TS1) (TS2)
2 @ 9 9 I 4 0 e
> @ L @

s S H9 9 @ @99 9.
@ o @ @
J% [ - ] ’ ] JQJ - ] 9 [ ] 2
@ 3

4.13. $RAF L 2 HEETeIA~ YT THD DR,
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#4.3: )OO ZNX—2 UL =K ETCO ¥ — (keal/mol).

T Br F CN
TSI 66 65 68 6.8
2 05 -03 -02 -07
TS2 80 75 77 69
@ 21 17 16 19

(DO EZ FEHEL L T- =X —% K 4.3 R T . BIVQ)DBEENRKEE THDHN, EOEED
FURRELE T, BBIREDO =X —HE<IT7ewn. £2, [RFE 5 M OB F I DT R F—
B TIHRWZEN o7, LA, (1), 2), G)DOREIEII=RE TIRA TAHILEN TS
N5, LLEDZENS, 35D ERIENGETS UV-VIS AT NLSRIEEI AT ML D ZEN
THISND.

QMR DS BRI DN R

PLEDIIZ, Fox BNBAF LI LC IEELEET DML, B2 27 70 T VT — )V AFEG DR
D RBUE R DREIEDTE VAT RS R O ROSHERENICRI A S, iz B T&E7-. LC ik
77T — )V AN BB S T LCHvdW 1513, B EE) O i I8\ Vi B A i i
B CEAME— D HIETHY, KBS ROFETIZT TIC T E2ESTWHEE 2 5.
FEH/2DIE, LC I3 TIZ Gaussian09 =2 GAMESS DA EEER S, KR TR E
ITNWHIETHD. LTeioT, 5%, KBS FO7 707 VT — VA RIZEWT, FEH
FO1DELTHEDLILOZENHIREEND. F, HALFERISIZT OV TIE, AL #iE LC-TDDFT
N TIZBHRE A THY, IEWEFE AAEHOBEAL M. 5%, ZOBmE SRS
(238 L2 S DIRIEL CWVE, S RSN O EEHGRE L COMN 2SI+ 52 8% B A
TWD. 51k, AR ETE B EO @O BIG R O BRI 52LT, BIZRZAE
THEITEBLEYEE 2 TS,

4.5 WAL TP 125 5 NTChem DBRA%E (FBULZEARTERT SR L —7)
(R FEHE N2 B OVl S

INFETONOILMBIZEREZ T T O CTE- KBRS R 2SO BT RET528
T, WA= —a Vo —2OMEEL o B CELL R KBS TR EE DT 1T T A
Nl —UHBFE LTS, KR7ay =7 o B, TR0 R 2 &0+ REVD
KRR FROHE— R E A REICT 52 Th D, RIS FEHEOFERICIL, FH5E
DWW B FH R DB M E L2 > TLD. DIVONDBRR L CEX 7= KBS BRI, ROV AXD
IR =T 702 = 7 n T B T D, I ERIRFICAE I bR N W E B a1k
IREOFENRETHHI=0, Bl RO SR NIEF ICL D DL TA.

- 40 -



e —
HAXFT—4 (namelist)

1
(s | | A cckown
B A— . v ' LEHREICET, FO
E i 1 S — — o
™ i r]?"f"ft 1 BFRE BFREER. FEVER. BFEE FEVER. | | 77L\&ﬁ0)ﬁ¢'
o £ oL AT | GFCR & BF X EER. GFCAE-FEMER 1
" # |allocate 1 v 1
35 e |
R
= ;%; RERE. RFIEEE. GFC : EESEY—I l : FSOBBREMEL, &
23 1 N —
#E SFT(gn‘_d FHEINDERZ : ! BE % ﬁ ;f H‘] Z _9 %
iy oL . =
g Mook, BRI HE : i & Eljﬁla’\&ﬁ
GFCHHRT—4&%E 1 ﬁﬁﬁ E]
R GFC (‘;Zp‘;ia;](;::FEF,MiX)HI : é?\g : #&EEE%I:E%?—
e T | BESIZHEES BIES
N -g 5—nY T GFCHE | 5= DR
] S | =mmmm:oF RS 9 1
n 1|2 H
BHEE/ 9~ O KT L I HN 1
HETSIEE: PDMAES 1 !
SR b GFCE M EFI FOrEAFa—F
BB E _
BTH BELNICREHEBRTRERED/IAT7+—T VX

ERETELETINITSLERHRESESD /

5.1 NTChem 7’0225 A231F7% GFC =DM L.

=] DFOYSL+R AV THREEDFE,
NTChem aarsmosmnonhias mROHE
Q
HROTATSLEERT, BEISHBEEOTRLLABERIHEEZES.
BZ DD FRVEPREEALEBERICHENIDLHEH.
HF & DFT =R
- FBR, RABR (1+255) - EOHESELE
- REAREY: - BREUGRE:
LDA, GGA, /BRI GGA, LC-GGA DIIS, 2R UK, B /ME
- EREBEI VYR - FFESCFEfiT:
« IRILF—HS (1+2/K5) EBEHEFH, LANILYTE
- BFEVHSTFHE

Order-N{ti&
- J—A2E 5 0rder-N{E(GFC)
* Resolution of Identity(RI);%

* Dual-level DFT
- BEEEmMP2ik DKn, RESC, RA, REV-ELESH R

- REIBAEE (MP2, CIS)
« HARTUT )L (ECP, MP)
- REMEXRNEE:

- RIS &% (ONIOM, SPOT) - NMR, EPR, B {25 (1+42F5)

5.2. NTChem 712" AORERY:.

QF R DA BRI NLD RN R

BRSO ARy T BEER 7 177 ATNTChem | WX LR D LD FIUE T LTV X AL BT
BET VAV ZLERHL T ETRICKHRR 5 3R A ATBRIC D, BARMIZIE, Boi
TWARERENSAMEFTHE, ARV 6 BAAA 20 HE S L-X572 6000 oz <78 §+
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32CPU T3 HMFREDN D> TNWDIEEE 2 HE, KD ol —a I REREREY
72T 2825, IRIERA— R —a s B a— 2% WD ZET, IV RRIIIE T o+ 5 R
TROFE—JFERF R VORI OB FH AN FEBL TS, 2O LT, BRIy F#mE T
S FL UL TOMBERR D AN = X LEFEHNL, ZO—iE7 R BR B2 e L2V, Bl
SRR BRI A 2L O T a9 5. IR T ARSI ST
1%, EBROMIRE T 572000 — VT ELT, FBlORICRHT 5+ 070 T RIS E &2 2
LD THD. ZHUTBLERDOSLGN O DN E BT HIEN A RBIC/R DL BT 5. B
MOFEBRDDUNIFEZE~DT 4 — RN\ V2B TR eb DI TWETZW. BT, ZOBGRIEED
B2, B TR LEBRA~OFNE B AL HFUZ M TREL TWETZNEE X TWD.
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