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INET, BELREETHEZ Lho, BARBBIBICOWTEZLTE ., WHZHKT
LR I3ET LR ROMGTTH 2, JHFZIFETFLD B2 00 05U LEVRTFTH
503, R30S 7R TREFEOEE LTI BERH 2, it>T, TiRE)
DR WHPABCRDOI NG, TFZDLONEDEEZLDEF->TH L\,

SRR EROTHEBEME v EROT I LICT 5L, CORBBIEIIE T B
Iy = ($z‘,yz‘,2’z‘) (Z Ci%?%lzg”j‘% ‘7’{}1/) k&@@fﬁ% Ry = (XM,YM, ZM) (M C;WZ%:
XA 2 7 ~0v) OWMGIKRES 5, Thbb,

¥ = ({1}, {R}) (4.1)

EHIF B, 2T, TRTCOBTFOMEEELE v}, 2 TORTFHOMEREL (R} L£b L7,
ZOWHBIBIZRDY 2L —T 1t v A —HRADOETH 5,

HY = EU (4.2)
TFEEDNINV =7 IF
ﬁ:Te+Tn+‘7ee+Vnn+‘7en (4

3)
tEbLING, 22T, FHEFMEIC, ETOEBT LY —, MOEEH L 2L ¥ — BT
OB ETF v v VI3 VX —, M OME/ERET v vy L 2L —, &
T EEIEOBOMEEHAT Y Y L2 LY —, TH5B,
fHE D7 DIT, U HS

U =&, (r)P,(R) (4.4)
EROLINDLET D, TITO(r) IFEFIEIBIE. &, (R) (ZIFZOIENBI S % ER T
%, BFIEEIEIL, HTOERIEL TO AR TOEFICNT S 2L —FT 4 v A—F
=

H.®. = E.®, (4.5)



24 WA 1 OB E L - FRIRE T
DIRTHAZERT>T0EET S, (45 RicBnT
-He - Te + ‘A/ee + ‘A/:en (46)

Th5, E, I3BFIRILE—LITIEN S,
SELEDEIE L TR EEZTVWEDT, V,, 3EHTHE, e B, OF

Uy, = Eo 4 Ve (4.7)

FEFINTIEIRILF—L TN S, Zud, EFEOMEEICNT2RT7 > vl
FNF—ITHM L., HA ORI T 5,
(44 Rzrab—7 1 = (42) X)) RAT5 L,

ﬁ;+ig+ﬁ%+v%,+m4¢4g@ARy:E@4Q¢AR) (4.8)

WD & @5 (r) 2221}, BT OEETREMICHL>THAT 5, ZOB, (4.5 X
BIO (A7) XzEZ2 L,

T+ U] @0(R) = B@,(R) (4.9)

U AL DOPEIRIBIC N T2 2L —T 4 VA=A EE L5, ZOHEXZRT
X, A EOWEREBD RO 5N 5,

4.2 SDFIREICH IRV aL—FTo v H—FER

ROERL T FIREZ2EZ 27012, 2HEFOoF2REL L9, EHED N FEF5FIC
B3, IREBOHMEIRX (BN —5) TH b, fEoT. 2FFoF TR REOHHEZIR ]
E% b, ITTIE, COHMELZZEHQ TERbLT I LIZT 5,

Sy OGRS, [MIESES) B X CIRENED) 208 L TEA S L, aIREICHT 2> A
V=T v —EA»Go N5, 2HFoFOBEE. (4.9) A»b

i d?
[_ﬂ&?
b, SICu I BEEELWIEIN, 2HETFATFEMIT 2 200 FOHRE (M,

+U.(Q)]2,(Q) = E2,(Q) (4.10)

11 1
Z_EE+EE (4.11)
TERINSG,
(4.10) R 1 xoncoMmy AEXTH D, BFIRENIF I L TIMHTIICHES 2 L8
TE 5, sfRENF L 1, U(Q) D3 Q ICBHT % 2XBIKTH 2 5G1THYLT 5,
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4.1: BF v v ) T3 X — ik o p

4.3 BRFRZRICHITBIRTVIvILIRILE—

Ue(Q) DEABIZ M 4.1 1253F, QITHT 5 U(Q) itz BT v v )L T3 )L ¥ — g
é:l/);)o
PHREE DULFE Tl ORI TR TE S, 2FH, AT vy v VBB E

l@(@)==%kQ2 (4.12)

Y%, DX BIEYHRRO R T v v VHFRICHE > TIRENT 2 b 0%, SEFIIREIF &
W, kIZHNDEBEWIEND,
ZOXRT Ve VEIEE Q T L ThEFET S L,

F(Q) = —kQ (4.13)

%, TORDS, FRURE L3 "7 v 7 OWHNCHE ) 1Ea 1ICHMT 5,
VEREGE DFIC B W TR T v v VB Z 2 REIBTEM T % L7, Z4Ud, X7
v ¥ v VBB E Taylor BFAL . Z D% Tt b RE DR OWEELRIE (leading term) D A

ZERT DI EITHYT 5, BARNICFHERSE (Qo) 1281T 5 Taylor BHOXZE &,

du,

2
0@ = U@+ () o @@+ 5 (558 ) oo, (@~ Q0P
3

PHiEE TOREMATH 2005, QIZOWT I ROEDFBEE (1 X857 1201245,
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4.4 FNREFORESEHEIREITRILF—
2 TS T OIREC R T 2 Wi s

R odr 1, _
[—ﬂw + §kQ }‘I)v(Q) =E9,(Q) (4.15)
a9,
Z DA DMRIX
0,(Q) = NoHy(a/?Q) exp(—aQ?/2) (4.16)
ThHb, I T, N, 3BT THD.
1 a\ 1/4
Nb:(wmgUZ(w) (4.17)
t5z26Nn5, ald .
a:;%) (4.18)

ThHd, Hy 3TV I —FZEREMIZEZLERTHD, v=0—2DEHEICIZ

Ho(€) = 1 (119)
Hi(§) =2¢ (4.20)
H(€) = 48 2 (121)
Th 5,
REDO T FNX— E, 1L,
Ehzzhw(u%—%) (4.22)

t%%, 2T Tuv=0,1,2,---THYH, REDEFE LTINS, FiCv=0D5H2F
RiRE &),
w EAIREETH D, HOEH kB X OWEER u 2 v,

kN1/2
w::(;) (4.23)
EERDLIND, fEoT, EBRIC X > TREED DD 5 &, P EOMEZ T HOEE %
SHETAILENTES, ZNUCE-ST, BFvi v LIz L X—iioEL kDo 3,

7 7 DIEHOERED S b5 L H 12, HOEBDPIKE T IUIANRDEGZ LIk D,
H BEEG ORI OBAETHIUL, THRFEAIHRLC L2 ERT 3,
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FH5E BFREEEFEROEAR

INEFTOETIERDIEZEHLTE,
(1) FFaFL o 7unthiicid, WEIRN L ESEE2ET 5,
(2) WEMED -1z, WEHDOREBIZILEBIE LW s TcRkbI NS,
(3) HEHBIEIEY 2V —T ¢« v =R E W §
(4) Yavb—T14 v H—TJilEAzM &, MWHOZILX =305,
(5) Yab—74 vI—HEAE, HFRET > vl D &9 7 Bl RIE T
WS ZEDTE B,

LfBIR 2 PR 2 LT, BFNENATTH 2B ORERZHET 2 2 L ITREHEE
Thb, ROFETIE, 20T 2 E3TE 2 KB R FOREL &2 3T 503,
Pl 2 B9 2 AT, BIREOME) 5 HE ) 2 HHICH T 5,

5.1 27 EMOKRENBEIE

DI BWETH S, [>T, BEFNAKCENUE, DF2EOREBIXBEEEILE v
TROLIN, ZUDWTTFEERICNTE 2L —T 4 VA=A E %, 1D %
WX —LiE, 2OVICHIET 2RV —%2EKT 3,

FFEET LT 6485, BT EHETENIZNZN ] DTH LKERTOHA, ?é'
FOERICNTIRFEOERDIE, BEXZ 1:1800 TH 5, 2F D, JHFI%IZE
HERTHED THERWALFTH 5, iE->T, B2 DREZLZ BRI, %l i%ﬂ:t’(
WHEEZBLZEIE, KWIERITH B é:/u?bﬂ%

DX INGHEOMEI PR E L Z LR GHICIE. 2HEHOK FOREZ L 1271 TE
25 EMNTES, D% BEEL & l1’3) ZDfR&EHI L L TlE. Born-Oppenheimer
ERDFI SN Tw 5, THEH EFTEMNAEEETH D, EBRICIFETOREICE ST
A ZOHEEDZAL L, A EZOEEN X > TEFOREVZITI20TH 2056, AR

DT A2 EIFTERWI EICHERL XY,

ST, ZDE)ICETERTFEEZ L TEZ 256, 7 TOREBIKE, EFIcwd
2 IEIRIE D, & A RRISRT 2 PEEIRE @, DR L L THRDbIN S,

U =3,0, (5.1)

CoRUTB VT, EFEBBEE, FEFEoEE LR Bz Q L92) TN



&4

28 #58E HRE LA ROBIR

F=T7rvERELY AL —T 4 v —HER
He(Q)2:(Q) = Ee(Q)2(Q) (5.2)
DIFTHZ EEZ B, I T,
Ho(Q) = To + Vee + Ven(Q) + Von(Q) (5.3)

TH Y, FHEBMICE OB = 2 )L X — BEFHOMEIEH, & L EFROMALE,
A% E ) LoMBEEHZEDT, HIZBWT, QRAEFEDEREE S,

BTV Y VIRNX — B, BETHOEEQ DB Tch DT, RFVYIvILIXI
F—REBETIEND, EEICHLTCINZ7ey FLAELDOD, RFVIvILIRILF—
B#RH 2 WIERT Y Vv ILIRILF—HETH 5,

52 IRILF¥F—HSbhbhdZE
5.2.1 BRFRZICTTEIRTF VI VPILIRILF—FGEREICERZDD ?

INET, 2HFTFOUEEICE>T, BFORT VY VI 2T —HifRIZ DWW T
L7, HET2E, AT vy LI 2L X —ihift L 3, A TOZRNF =% FETFHD
PEDOBIE E L CRO L Th 2, JHFEIE 3RIZEMICHFEEL, Lab o FIcidE
BOFEF (NHET2) BEET B, 2D, FBRICIEIDF DI 2L ¥ —I3IREET T
DY 1% 3N-6, [ERLT T DEE 1% 3N-5 DIRENE — NI T 2888 TH 2 DT, HiFT
k7 <, HETH %,

Thbb, REE—FZ (Q1,Q2,,Qu) £T 5 &,

EZE(Ql?QQa"'?QM) (54)

5.2.2 MTFYIvILIRIF—HEESFOREEEEDBER

ST OREME (FEBEL V) OVIEHETH %) X, KT vy v L 2L X —Hllfio
AN HYMST 5, BT v v VI 2 VX — RN/ NS EEET 5 EEZ S5 5,
IV X =03 & 7 586 % global minimum & 29, Z#DIAHE local minimum
EWv,

BIZIE, A LT X»o%2 2 0282 L), G

AX > A+ X (5.5)

Tld, T AX ORELFEF A, X ICEEEL 7REBD 2 23E 2 650 5,
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LT AX DI R)LX =M L 72 REE X O b LETHIUL, 7T AX IZ global min-
imum IZHY4 T 5, WMICALE THIUL, 7T AX 1Z local minimum IZAHY4T 5,
EHIEBR K SO HBZ 2 VX -2 AG &

AG = —-RTInK (5.6)
55BRICH 2, (5.5) RDKIETIZ, AG IZ
AG = {AGM)+AGOQ}—AGMX) (5.7)

TH2DT,
AG <0 (5.8)

oD FAX IFLEITHELRIT LI ENTES, L
AG >0 (5.9)

o lE, TR0 LIRS 5 2 L IC B, Yl, OGN Z B BRI
Lz F V¥ =233 ic@iF iU, o720 T 2RI EAERVEEZONS, &
2T, THICE ) EIIE. TORIBDE I AEEICEBW B> oINS
FINF—EHR L TEZ 20D 5, HH., BAZHBREEDARIG2ZEZ S, TD
LA ET BEOBMI 2L =B I N2 720 TH 2 DT, HlZIZTHEE LT 2L ¥ —78
200kJ/mol b HIUE, IESIGDOMREL IZHRD TR, fE> T, T AX DREET 2 2 & 134
ATk tichks,
ST, ATV VIR —HIcB T, 2N g & 25 EEZ L, il
ZLDHDTH D00, Mg & L L,
OF
{8@]@:@0:0
ZiiTHEQTH D, Tk, ZOMETHFICEH 1230 TH ZMEEICHRST 5,
SRR & BB TH B, DFED,. J3UL THiKy THoOTHHILT 5,
RN ICIRET B 0IiE, 51

O0’E
[EMQZQ] Q=Qo

A5 ETH D, ZORDEAZTDOERKIZHE L, fEoT. ZOBRIZHDE
BOIEERD T EZEWRT 2, IREBUI N OER ERFEEE %2 T,

o (Z)lm (5.12)

(5.10)

>0 (5.11)

LEDLELIDT, THOEEDIE) ThH s EF, IBEEDFEBIC KRS L 2E®KT 5,
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TIRRE L ALABIR OB

K, O%G. X7 vy xu¥—iliiiE L Thd 2506, HOELFAICE
%5, ZOK, NIET2IREBEIZEBICLR S, 2% 0., BROREEZ2HT 5503 T
Tl 7w,

IREVE DGR E 72 DIREIE— P23 —D2ThH 256, £ Ot 2 EBIRRE (transition
state) £\, ZOMETHOIRLX — L BYDORETO LRV X — L DA% FEMELT
RILF— (activation energy) £ 5 I,

EBDOIRENE— F232 2 Th 25413, BR (saddle point) &£\,

FF vy V2L —iHOR/ND 5\ IZBRIREE ko 25HHE %2, BEREL L v
Do BUE. GHREEZ > 2 E R I X > TRAZ B T OIS TE 5 K91tk ->T
V503, ZDRE ERICIIERE 2 BB 2 72 0 Ot O Eg MR o T HE
HWThHote, HMIRTLH S THOIFORMGERELITE 2 X 9 1274 > 7 DI R INRIED
ZETHD,

B, B4 B HRERGRZ W T, o FEORESTE 2 X ) IhoTw 3,
F7o, FHRICIBVAVA R TERPBREIC R 250D, BRIREZEEICIIRkDLI LD
AlRETH 5,

BALOBERIITE L LTk, BT v ¥ v VT2V ¥ —llilfi 2 HEICERR T 2 5HH 7 v 2
URALDFAFESI N T 228, ZOEERIGHIE I s DFETH 2, 2D &) BHZEIC
Lo T, PERAIS T e\ K9 e OGP SOGH IR D7 WL S 11 2 ATREEDS I ©
N3,

5.3 BFREIE#EMLSOLIMSEE

TFOEFREIBAT 2 2L —T 1 v A —HERAZ2MC 2 LTSI, EFHER
Bo.RED, ZOHITIE, &6 ED L) BERVP[OoN2D2HIT 5,

5.3.1 BFKEFREHBESFOIRILF—
D ARE D &L HTEHEEL ZCRETOTFOI RN T -2 HT 5 2 LWTE S,
1) RO 2L =74 V=X 5T 2K

+oo R
E. = / P, x H. O dr (5.13)

—00

ko T, EBFIRNX— E.DEEIN5,
T, BFIFINXF—LX 7 AHHI ALY — G LOBBGEHHL X9, G

G=U-TS (5.14)

TEEING, U, T, SEZRZNUNFLLLF— E, 2ot —Tbh2,
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WEHZF L X =Lk, BTOFROZFNX—TH2H 6, HTOHEEI L — B, [
RIANVX—E,., IRz 2 VX —E, B2 V¥ —FE,. BXOHETp LMV ICH
Ked 2HDOM

U=E+E,+E,+E.+pV (5.15)

TROLIND, B A2V X -, B 3~ 7002 LX—Tdbbh, RH)
WOV TEERBRE CEFERIRBIOES L @072 v T, UDZICB W TUrDKREL
HFEE#TEHDIFE, THS,

Az v X —21ix, (P2 bz i+ 2 EcHEEREIPRTH S, >, &
PEIRAS % S LA AR 2 T 9 2 2 L, (LR 2179 F oo THEETH 5,

5.3.2 EFREREHEETFINRE

BRI, EFREZ2EDLTEETH S, ZohHZHRS L, BHREORE
ZRHIBZEPTE S,

R IEIBE Sz T 2 BRI %wéh%@ ELT, ROEALANLDHDIEFN=FY—-
AV 7EMTH 5, ZOELEERIZ. BB,

Yi(r)  bi(re) - a(rw)
e I (5.16)
Yn(r) n(r2) -+ Un(rN)

&5zb =R cEbIND L L, 2NEMET 2 HERE » (R FHuEesr 7l
ICHHY) 2ZERMEICL o TRET MR TH L, 22T, EoERBEFIRALY— L,
Lﬁbfmmzm%oﬁ%\%ﬁ%ﬁa 3. 1208 OB (1 BFKEEHK) %=
BURYT 2, CoXH I, EEHRKE 1o 1 > ORER T OBEREIC X > TEb TR
%Mﬁﬁﬂ%%wiij?LM&wﬁ
. PEEIRE S & B RLCEOBIRICOWTEAL X 9, Hl A IZREBFE T OB ALE

C: (1s)2(25)%(2p)? (5.17)

DEYILERbING, TF, AL—F—fTFIRITB VT, 1s, 25, IsHEZRT LTS
HDOPTRT2OFTOBINDE Z LITHIET 5,

10 2 0DFTH 2 WIFFIPBE L FUR 014 %, BFREOMEIZOWTIE, 71
WERSEL o (BT O2=MIN 20 &L AE Y EEN A O E @20%M%L<%ﬁ§
N5, AEVOREE LT, LAZEDOWAITNIET % o AV & T EDWEAITHIG
TH5BAEYD2O0H 5,

WOERE L LT lsiuEz 25 &,

Y= (1s)ad %\ (1s)3 (5.18)
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32 H5E  ETIRE LB 0BG
D2OWHH, TNSEWBAL—F — (RO T LS,
BIAEVDOREIZaB D20 %\0, fE-5T, T DOWEREIZIZE 232
FTALILENTES, LFHINS, COEZTTZINVIDREBLE V),

5.3.3 BFRBBEHEEFEEIRESLCYEEDRR

AR LRI TIHMEER SISO W TIBED D 5 2 L 24T 5, WIEIETFOE
SEMEEICLsLINs, BXBEEREL BEFZ2IZHFLIEAVZERDLOITRELEZS
Nz, 2FH, FTOHTOBRBFDAETFHUTIREL S 25,

BEBIBUIR FOEFEHERZED T DO LEZ SN TS, HEBIHE U £ 958,
K (2, x4 do) OB T2 W THERIZ |0 de TH R L END, BTEENLETZE, Th
1& 3N XGOS BT 2 FEMHERTH 5,

B FHE LS AL INKLTIE AL, 3RILEMTONHEELD, ZoNfizR
HBEOITIE, [T % (3N-3) HOEK TR TIUE L\, DD,

+oo
p= // . / \\Il\Qd:chygdZQ <~ drydyndzy (5.19)

D33 ROL%EM (x,y,2) COETHENM 2 E£DT,
ZIT, U REEMTHYT A REEZ L), WEBBERLEnTwE LTS L

—+00
//1~/ |0 derdyrdzideadyadzs - - - deydyndzy = 1 (5.20)
Eb, TOREFpz2HWE L,

///_—:O p(z,y, z)dedydz = 1 (5.21)

E%%, DFD pRERDDIEHTHEATHLEMEDTIZ1 LR D, S TIENMEET»DH
5LEZTVWEDT, R TOEFEEIX Np(z,y,2) TRDI N5,
ZDEZI 0D S BT ETIRIENT 2 YIBEOBRFHE(< O >) 3. Z0YHE
AROTHETZ0 LT 5L
A~ +OO A~
<0 >= // . / \IJ*O\Ifdxldyldzld:L‘Qdygsz e dedyNdzN (5.22)

TROOENB ET B, HlAIE, BFEE2EDLTHETFEN T2, N=N (EH) &
T2&,

A~ +m A~
< N >= // . / W*N\I/dmldyldzldxgdygd@ v da;NdyNdzN =N (5.23)

L7 5DT, MEPICEFEDIRDEND,



5.3. B> LML Ik 33

FTOMEERLTHEEE LT, O TFOBIMBFE—XAV N L0 PHENSHIE I
L2EDH D, BRAMBFE—A Y EIE, ERNIC +q DEM E —q DEMBIAEL.,
FEDSHIHZENDHARNT P Ve TH B E FIC,

p=qr (5.24)

LEDLINBZRZILVETH S,
BT DELMT-E— X v M. BT-OOEEEE D W RHE

+oo
e = // . / U rWdzdy dz1dxodysdzs - - - deydyndzy (5.25)

POHEIREIND, LR DOXFETOMEEEDOHFHET L 227023, Zogz ” Bk
W E— X b7 En) 2 EDH B, EEICIX, ZHUFET (AEM) SRoRLEZR
HBLTWS, KYDEXIMGEFE—X v 2GR T 57-012iE, HICIEBEMORELEZE Z
LD 5,
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6.1 SKEIRIEE BFEE

DY DOEFIREZBERIICR D 270121, BFEEBEIEICN T2 2L —F 4 v —
HREAZ BT I X v, ?/ﬁ%ﬂﬁ%*&%ﬁﬁﬁ KEENLZNINV =T VIR, HEHT ST
ZEENZRTCDOEFIKET 5, o T. ZOHBRZEEICHE 2 EI1FTER,
DD, iz HOTEFREZHET 208 EH L, ZOL)RAEMDIBETH oL
bl b D3, BUERE LTINS TETH 5, JHUIMIIRFREE. H 5 \vITFETS
ERLE HIFIEN 2, §uEER 2 e TafOE ?%*%X@%ﬁ&%ﬁ?mLﬁkE5

BBl RZFEH] X Hartree-Fock 5 CThHh %, HIE TR L 72 X 912, 2 DI IEH)
B3 A L—& —1751IX

Yi(r)  bi(re) - ha(rw)
1| the(r1)  talre) -+ tha(rn) (6.1)

Yn(r) n(r2) -+ Un(rN)

TEOLEINDEEEZEZDZDBDTHS, ZZTY ZDFYEEZELEDLT, DFuELIZ, 1OD
BTOERMNEDMEAECVYIRELZERITEH5DTHS,  Hartree-Fock IETIE, 2D
£ BRED T TEHAEINE R RN X =R/ 5 72D DEMFZNT-T & ) 12T
EBREINDG, ZODITE, BHELWIENT5ESHV6NS,

DB ORMSEL G2 L TEDEEZH % & 5% o ZIN—FkJ—-
FAVIBFERETEIN RO K 9 Bz 73,

Fy = et (6.2)

CITCF R 74y 73BT EWEINAEEFTHS, Flddal—7T 4 v AH—JifAoD
NIV b7 v EFARIOEB) T 2L X — DI & B oM AR Z &,

COHBAI 2L =T VA=A EFRUCEEZ L CT0ED, 1 ODEFIINT S
ﬁﬁf%%ﬁfﬁkofw%

FMHAEN 2 &L 0T F I3 FHuEREE & s s, Zokd, N—FY)—-

7%/7ﬁ&ﬁi#ﬁm®ﬁﬁ“ﬁ&ﬁf%b\Eaﬁ@%m fED R L TIE R S 30,

ZITRFIEOTIEREBICIRE L2 wE L LY, 29T 3¢, F BRI
%5,
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D&)A GELE LT, BERoBEz BER L LTiv 2 BERKE
RERD %,
TFOBEFAREFEICE LTI, JREBEE L TERID 8 (atomic orbital) 23H
Wos I EDH B,

HARMICIR R FEZ ¢ &9 5 &0 TFHLE  Z2RICERICED T,

Yi(r) = Caicha(r) (6.3)

ZITrid 1 OB TFOMEFEEEDT, ZD K %K EH W25 71%% LCAO(Linear
Combination of Atomic Orbitals) iE&F 9,

LCAO EIRIMEZMNITIZDL DR TWHETH 5720, LTDiEmTHwbZ LT 5
D3, RHRARSEEIZE C v, BIEMMEEITIT b T 2 B HREGHRITIR L ) mkGRE e Jk
BB 6 0%,

FERBIBUERIC B\ TR IR CH 5, > T "o FiEzkod 5, L3 TE
PHERE C 20 %, Z LIz 57\,

ZDCZEEDEIIHEET I L 2 RETTHIT 5,

6.2 FZ2RFAFOIFHE

LCAO i W THEMK 2 R F AT O TiliEZ RO TH LI, T TE—HlELTN,
2EZLI,
N JHFOE FEE X

(15)%(2s)%(2p)° (6.4)

LEDE D, FTEO 2L X— 0D 5, 1s PUEIIRRREE, 25 Pus L 2p HuH I3
BFHE L WIEN 5, WBIHEIZ = 5L X —ICKE TH % 7 b I LA G DI B G
9, ALERIER A IS E 2 5.2 5 2 LIXIF LA E v, —7, i Ak
ST OIFRECOIRICBIG L. 2 DAL % s 2 BEAHETH 5.

No T B TREEFBADD D, NHTETIETSH 5 2p Pl OWE I & %
bDTH b,

No BFD2ODNRFD 2z icZ > TCIATWS EL LD, 29T5¢, NETD2)p
PUBEDOHT, 2p, PIE & 2p, PUHIFEMITH D, 2p, PUBIFZ NS & FFMTE A0, 2
NE, HAICE>TH I VLD NFFOFET 200 L R OEDH 2720 TH 5,

T, o D TONTiEE KD 2701 LCAO 22 LT3 &, FTHEe L <
132250 NET 202U LT, 2p, BUH, 2p, BB, 2p, PUBED 3 D% % 2 2 HEH
HBHH, T T 2, METEDAZEZSZLICLE), TDEIICERALILIF D
DHHIL L F A 2, FHICIIDFORMMED 72010, Z OMI{LIZECEICEL Y, (B
WOE ZHIHFE, T OWRE 4l et U TR 10 OB 1 R 2 318
KBPICETIRETHZ, LEA2, 20D, AL THEORT E %5 2 Lidk\n,)
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20, MUEWLWED AZEZ LD TH L0656, BRI 2DIE2ODFRTHETH S, s
Zpie po EL XD, HEBEDI2D (2RIL) THE96. 20Dl Fons,
NSO THER ¢ LT IEICLEY, DFD

= C191 + Capo (6.5)

ET 5, 2OTHHENH S L) T LiF, (C,C) DHNI2OHBLWVHI T LETH D,
YOBIN—=tV =7 py 7 HFRERZWTET S, T2TC, BFEEALLEZ T EHA
T2, Thbb 74y VHETR Y Z2EERVET S, ZOBAD7 4y JHET %2 h &

EbLTIEILT DL, ¢ D TRE AL

h = e (6.6)

ThHb, ZITelZPBEIRILF—EMEINIERTH S,
ST, (6.5) AN TROINIZHTIELFIR L TAR LD, 2T, flHD% DI HFiE
IZ2oWT

(61]02)=0 (6.7)
PHAZLTWw3EL L), ZNE2ODETFIRET 2 FHEPIER L T3 I L2 R
K92, B, (|)BFTF1I3vI70b>22RK (F3T7vh) LRIl ThHD, £%
MTHEDTAIELEZERLTWS, AL,

(o) |

+oo
¢l padT (6.8)

Tbh b,
(6.5) X% (6.6) RfRAT S &,

Cihey + Cahgy = eCi¢1 + eCag (6.9)

L%,
CORDMAIZOWT, S ¢f 2, RZEEICO>THETT 5 &,

C1<¢1‘il‘¢1> + C2<¢>1VL‘¢1>= 601<¢1‘¢>1>+602<¢1‘¢2> (6.10)
B, g lTOVTHRBRICT S &

Cl<¢2‘il‘¢l> + C'2<¢2VL‘¢1>= 601<¢2‘¢1>+€C2<¢2‘¢2> (6.11)

[y
(y
o)

<mMMQ = « (6.12)
<¢1‘h)¢2> = p (6.13)



38 96 EIRAREGE ¢ A0 THETE
E55E, (6.100 K& (6.11) KiFE LoD T,
(o) (@)-()
EHET B, 22T, hIBTIE—MELZN B Z b OME T TH D,
<¢2V4¢1>::<¢1Vi¢2> (6.15)
B LBRDRNLT 5 2 2\, $7, GREK2EFTTF2EATVR5DT,
<¢1Vﬂ¢1>==<¢2V4¢2>:(1 (6.16)

TH 5,
(6.14) 1ZVHWBITHIOEBERETH 5, ZOTHINAEBRIILTD X 512 LTl

ZLTES,
(a_€ b )(CH>:0 (6.17)
8 a—c¢ Cy

Z DA,
EEERBTIENTES, ZOHBEADVBHHTRVWEZET 57-0121F,

a—e€ J6]
8 a—c¢

WIEALT 508D H %, ZDOHRAZKERAERLEE )., T THHTRZVMLE 3,

Cq
() o

PHofEcH 5, (6.19) RMfREL 2 2 137 Clcliird oz,

(6.19) ADMRETHIUL, D TWEREE ¢ 1Z\V72E2ATOILER S, ZRIEFETHE
LRV EZERT S, fEoT, (6.19) XZMELTHRHATZIEIFTE R,
iy (6.19) &2, (6.17) DREATINDWATIN 2 H T 256 TH 5, 16> T,
WATHIDAE L 0720 D5 L LT, (6.18) ADRLT %,

(6.18) KITHE VT, ak IFERTHYH, KNZEEIZ e TH B, THXZREFAT S &

=0 (6.18)

(a—e)?—=p%=0 (6.20)
- T,
e=atp (6.21)

L%, T HOEICBY 22t LR RIC I, HEA<0THD I EDBHLN
T3, it T, TFHEDPET 2L X —13, KW SIHIC,

e1=a+p (6.22)
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e=a—[0 (6.23)

&b,
WOEZ RV X =23 e; TH B0 TWIE 1 ZROTH LI, (6.22) X% (6.14) A
TE’ k\

Co = (1 (6.24)
THDLIZ DTS, Thbb,
%?:1 (6.25)
1
Th 5,
ZIT, OTHEE ¢ BRI Twas E L k9, DR,
C? 403 =1 (6.26)
Thb, it>T,
(ca,ca):: (1/\/5,1/\/5) (6.27)
25,
FERICT 2 &, WHEZ RV X =23 eo TH %55 FHIIE o 12DV TIE,
(cr.02)= (1/v2,-1/v2) (6.28)
Ei2 5,
D EZEHT 2L . .
= —¢1+—= 6.29
(3 \/§¢1+ \/§¢72 (6.29)
1 1
= =1 — = 6.30
(o)) \@¢1 ﬂ¢>2 (6.30)

P & i3, ZNEN Ny D7D Wi, o PLBEICHY T 5,

P TRIEFHEDFRMHTEZR 2 2 Eilk b, 2D, 2 DODEFORIDHEKTH %
WO H ) L) BFENEI S, ZOL) LiEIIBEEHEIE L TIXI S, —H ¢y TIEE
THEIWAAHCEZ D, OB TIREZITBELH I L9 L TH»E S CHi»T
5, 2Ok BiEE RESHEE LTS,

By FHEZ RO 2 L CHEHETH S, HizERT 50 (MLETFEHEEI0ICED
) (ZEFE L WIS, 2P FOTFIEICE VT, ST e S TEiRSFEEL B v
STHEE o PE, S T2 S0 1 O TH2bD% rllil, 2o5oTH2bD%
H, &),
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6.3 EEZ2EFEFHFOHFHE

HF % CO D & 9 B 2 3 F D FHuBEICOWTEZ LI, Hifi &L DEVIX, 2
DDRFIFIEACT A FIESFEC S DOTIE W ETH B, fE->T. (6.14) R

DEINITBIEL L TERok\w, 22T,

(en

(o

h

¢1> =
¢2> =

E L7,
A=as—aj. A\=ec—a; £T5%¢,, (6.17) iz

-A B Cr\ 0
B A=)\ Cy |
L%, COHBRBEHETRWEEZ SO OICIE,

y_ AEVAT445?
N 2

L%, €T,

(1 + a2) £ /(a1 — az2)? + 432
2
N5 DEET 2V X —ITHIGY 5 0 FIEIC B\ TR,

G_A, (A)n

28 26
&7 BRI T 5,
BARIZE Z 572012, A
% == —]_

ThHhsrELE), TOHEA. aa<ea tTrE, ZNZFHUIKLT
(C1,Cs) = (1,0.414)

(C1,Co) = (1, —2.414)

b, ZITIRTIEIEIEBLINTOLRNY,
I % BRAL L 72856103,

(Cy, Ca) = (0.924,0.383)

(6.31)

(6.32)

(6.33)

(6.34)

(6.35)

(6.36)

(6.37)

(6.38)

(6.39)

(6.40)

(6.41)
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(C1,Cy) = (0.383, —0.924) (6.42)

s,

CORBERREP S, TRV X —IICZERIEICE W TIE ¢y DEFGIIRE L HIW
uT%ﬁ&%ﬁfi@®jﬁbk§w_k# 05,

D &) BEFRBBDRED X, B—HDFEF IO TV B I E2ERT 3,

A>0\ﬁ<03?%k\uﬂi“?%ﬁwlLm%ﬁ?%ﬁ?k\wghm%ﬁT%
R 5 2 Lk %,

A>0lFa; <ay THHILEZEHRLTVLEDT, ZOERIE, ¢ TRPLUEZ L X —
DR FHIE ¢ ICETIMRS &2 KT 5, Wl oo IFFHE T )L X — D Eno i -0
g ICETDRS 2 LI D,

LG2ODFPOEBTDOTORMPINTHTFRTELLEL LY, B3 2L
¥ -V THE» SIS HET 5, ZNZ2BRERE (aufbaum) L9, —J7, &
W7 IVERFEWENLERTD—D2TH DI 6, Pauli DIRBIZHE S, Pauli D
e I20@7;»\ﬁ%iﬂ @%%ﬁim%%%k%&mjawﬁza%i%?
%%)ODT%% FAE NREDRZIUIIDIRBICH 5 AR L TEw, 2D,
“?Ckmfilﬂwﬁ%ﬁﬁ%#@20® HTPALZ LIS, ZOME. 2MHDE
TR TFHE o ZHET 5L, ZOHEI ¢ HlICH > T3 DT, FEEMNIZETD ¢
D5 ¢ ITHANTR & 5 IRBIC 2 2,

DlEzEEozl, BE2EAITICENTIE 2 DDFEFOFEFHED I3 )L X —HEf]
DRE D70, BEFFAOWMOBET LI LIk EFR 5,

BLRIRN Z LT, BB TH 5 o DETAMIE ¢y EHiTHD, LD 22D TN6
2ETTOMMEINDET D E, Y & DIFICETDVBASL Z EIZR DD TERTIAMIC
i DIXEL 20,

FFHED T 2N F—HERLIZOWTHP S 2 E 2B X5, FHEMEICL UL, 2o
DI FTBED T3V X —HEMN ORIFEIL 8 DIEIKREL 21 EREL RS, 2FhH, 29D
DI FHDOHAERANPRKE IZERREIREL 2%, EL, ADBP EHRTELIKRE
Ju, 22003 FIHLEZ R L X — I ZNDOFETHEO XN X —IZHE Lk D,

DTN TOBEBFIMOMD ZWETT 2 2 L3, LRGP FOWEZHFET 2 L cH
WWThHb, BLOMAORYOREL LTI MoNTVREDIIEREEETSH 2,

EREEE 2T 2R E LT, < U7 v OlHEER=) Y T DHED 2 OH%H
ENTWVS, w7 vOERICLIUE, BRIEME v ZETFOAMAMEIRILF—(IE)
LEFHMIRILE— (FA) (BFRMALLEIND) IckoT

IE+ EA
T2
EERbEIND, 2T, NEFROBFOIRNX—% E(N) L $25L, IEE EAIZZ
nzn

(6.43)

IE = E(N-1)- E(N) (6.44)
EA = E(N)—E(N+1) (6.45)
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ERbE S,

A F A E S HE (HOMO:highest occupied molecular orbital) 2> 62 D &
FAIMDSERARZ2iE (LUMO:lowest unoccupied molecular orbital) 2522 % &35 &
IE DERUE X —egoro. EA DFELUEIZ —erpio TEZ 5L 5,

P> T, x I

4]

€EHOMO — €ELUMO
=— 6.46
2 ( )

L, YE, BRIEOTICHBINTOEDT, BF05E5F > Aol =L X —
FEDOEICR S,
H EA OEIZIE OfEL D /I v, fiE-> T, x DIEIZFEICIE ITKET 5, 2 DR,

2
LEPITE S, ThbbL, HOMO 23X 3L ¥ —HICLE B i 113 EEAREIEE ¢ 13K &
{7235,

6.4 MRRBEBFIAEBER

LA DFEIZ T T2 A L. ZDRIERYEEZTARSZ 2 ETh D, ZOWZICE
W, O EBRGEIL, Bl S N R BT 2 7o DX, RS & RO
YO Z N2 2 EEETH B,

LRSS FOPEDMICE TS, FTOETIREBOZNZN 6 2L Tw»
%, fEo T, BUEDLEWIZE T, i & o, koM % B HIREEICIES W T
fRFT L., HfET 2 2 EDEETH 2, ZOOBIEREIN TV IHE L DS TIE,
BREMHGRZICH L 2 ARSERE I N Tw 5,

BREIRIZRE 7 O iz Ho -2 FEEE L BFHEBEESSH %,
BFHEB L. EERTHICEE IR TR WETRIOMEIEH %2 E% T 3,

SFEBEOREGNIIN=RN )=« TAVVETHZ, "=V — 73y 7iEIE, %
DFFETHELRFHEZ GBS % ED X I ICRD 20 ko T, BERMAE. FRER
7%, FERERINAZE (ab initio &) D 32 I N2,

BRI FIBIEONREGNE, By TIVETH %, PRIV ATE L LTld, CNDO Ik,
MNDO 7%, AM1 ¥, PM3 5, ZINDO 7 E03% %, BRI gk <, F2fE
205 2 LIk > TEHET 2 HEFIEDET OB Z IS T LItk b, Tk, KE
BOATICHIBHTE 5, MEMZ, FREZHCS 2 LDTER VD 5 0 IFH 7 i
TIEHEOEEOREIB O NN & Th 5, IR GE T IE T HuE R % JL KR
BIBBIEIC X > TRAICEFNICHE S L5, CD7d, TN6 3209 HThoEHil
FHYEDSE O,

BOE D X CTIFEENE#IE (Density Functional Theory:DFT) 234 < Hw 64
TWw3, ZOHBGEFEORTIEE IR - T, WEIBIE % <, ERISUE Kt
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Lfﬁtwﬁ W Cd 5, DFT EIZIEIBISE w735 Tl vwad, FEREROFED
DICELBISH s E, TDD, N—FY— - 7 xy Z7HGEEE X P E

&&o“(bléo

BB Z ZE T 2 Ak L LTI, MP2ik, MP4 %, CASPT2 %, coupled-cluster ¥
ZREDBHFEINTVE, N6 DFREICIES  OFFERIP K E LR HER (X€)
N—=FFT1t A7) BRFEL RS, COOBETHOEAHHEAIRONTED, HWE/NI %
STEBE X CHHET 2BICHw s S,

DFT ¥ 3HEE I 2 R T 2 DB FHBEZER TE 2 X I A B LRI N T3
W & VIR T TEL L) b2 ) LT IIMATEFHBESIREZEETES Z &
6, DFTIEEBEOBFREMEICE L URDBEELFRIEGRTH L L) T LT
ERN



