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JEFHUE - 53 FH0E - TRRHLE O BILR
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§omumc

S IAEETR DI L L HEFREGMIIMNAFHTH D, I Fa T AL o TESIEERIL
AiE 9 %75, [REAKHELE ] (hybrid orbital) & 43 F-#l3E | (molecular orbital)|dxf R 727 7
2—FITHDHTHLD LT, FEICHEBRILFEDE TIX, RBRLE D 5 1S SO O fiF
RO TFROT-DITHEatMEOEES & LTS, —F, MEM L0 Cldy FiuE = 20

DTINOEBTEOEORTHD LHIRIND(Z ENREZY), BEHLETIE, =& xI1E, s L
WE3OD p HUEAMAEDE - T spiELZ IR L, 4RO 2T 572 OE
RS, Lo, OB TIE, RFMEEERRBYNELRS s gL p #uEZ7-LE
bELZZEIEETHY, B (<) OFHbho TWRWREE LB INDL, WT I
O THE] b, TNETNOSEOHRENELWSD L LTHEIET LD, FA5MIN6T5 L,
MR T 2B 2 585 [ 18 SIVCTRIRELIZHE Y 3, #5R, EHOLRIELWVLON(EDL LD GE
D72DDy), FHEIZE DWW BERARONNERREELE-ETL, TOK, MHEEICKS
TbHh, TNENOBMRZBHMEIC TE20E S, #HEO IV THLE ] 23524720 Iy
T DREICR D L2 B 9)D,

AEL, EAHMEFOFEICBOTLTEBT S FyfuE] o riuE) NHERENE] £
NENOE DRI A YT 5 DO TIiEe <, KWLEHAORRREZMMEICL, [#HuE) 1Icb &
DSNWTHHREBIALZD PRLEZVTI2EHREZAEZ L, 202 [0l &3 Z2EfiFd
5 122 E ) HU7= Monograph Th 5,

§1 MEOEBHBILICL HFIRILE
EFTANTOMBEULFDOT T X MZ, KERFOEFIZBET S Schrodinger A& fif X,
@UEB'Q%I(.@BQ?&%W)&.%{ ZEHT 27 AR INTWDY, EAHART v v
? Schrodinger THEATH 57005, #UERKOEETT ML Laguerre DFELIHENZE TR, (1)
TRV, ARSI TR Y, 0.9 2L VRSN D,

¢nlm(r’0’ ¢) = Rnl (r)Ylm (07 ¢) (D

! 1930%{& %, IBAELIE R Heitler—London—Pauling—Slater (H-L-P-S) theory (¥ 721%, Pauling—Slater theory),
47 1-#LIE #E31% Hund—Lennard-Jones—Mulliken (H-LJ-M) theory (£ 721%, Hund-Mulliken theory) & FE[E7L TV Mz,

H%EVL, MFEEOBLE DS LI T4 A L7z Mulliken (2572 A C, Mulliken’s method & & FFEIL D, (FEH
%, Slater I35 \%ELJEEE WA~ DOEBE LR L T\ e, F£7, ITE T, Lennard-Jones 7347 1-#iE Bim D
BIRICEHBR L2 Z & iTmbanole, 728, BTHEY 7 by =7 [Gaussian®) ZBHREL, /—VHEZE
L 72 . A. Pople iX Lennard-Jones M EEDOHF ThH 5, )

2 ORIERCEBIC o T LEVE L, HEMLS 2SN,

3R DORERFRORBREDE ETY,

YT ERTR IAEBRRE TRGMNETER), mITEIETHTHD,
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ERTATA AN RIS Legendre DRI Pl|m| (cos®) Z T,

Y (0,8) = Ny P (cos G)e™ )

__p\mHmp2 [2+1U=[m])!
Nim =D 4n (I+|m))! 3)

T D, BRI D BRI ZRIEL,

LRI, BRLERT

1
Yoo (0.¢) = I W
Yl—1(9,¢)=\/gsin0-e_i¢:\/g,x;ly -
}710(9,475):\/%0%9: 4_3715 ©

Vi1 (0.6) = |~ sinB-elf = [3 x+iv o
8 81 ,

TirBe 1=01F s Wll, 1=103>OWHI p P & FFERD . D OB EB
BT L L ORABKTHD D AR L L S, [ IToVTIRHT,

I, = —iha% (8)
THDLIMD,
1.Y0(0,8) =0-Yy(0,9) 9)
[11(0,9) = (=ih)(=)1_; (0,4) = —hY1_1 (0,4) (10)
I:Y10(6,4)=0-Y10(6.9) (11)
[:1141(0,9) = (=ih)(i)Y1,1(0,4) = +1Y,,,(0,9) (12)

ER0, FREN, EEHEmhE S OEEREKTH D,
wiz, @)~ (DICEE 12 2ER S50, 1213

2
12— p2| i(sin@£}+ N (13)
sin@ 00 00 ) sinZo 8¢2

Thonb, K13)2@d) ~(DICEHEED &,

U BRI SR B DT E B n ITIHKIFE L7220,
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1*Y00(0.4) =0+ Yoo (0.9) (14)

I*Y,(0.4) =21%Y,_,(0.9) (15)
1%Y,0(0.4) = 21*Y;(6.4) (16)
1Yy,1(0,9) =217Y,,1(0.9) (17)

L0, FREN, BEAMERIAH) S OEGREEIC o TV, —iEIS,
lZYlm (8’ ¢) = thlm (9’ ¢) (18)
Bl
12Y,,(6,) = KA +1)Y,,,(6,9) (19)
ThB.

WEOT F A M T, BUENZERICED X KR > TWAHIRT OIS, 3RITMAR
ENnd, R ERGOITFEBEETHLINLHICHI Z N TR, KRG EXRDITEEE2E
A TWEDTIRITEHE L THIK Z &R TE RN, 22T, LT X I EAAE DY
THEBEEILT 5,

“s) ot : Yo -Ny _ /i~ .

&5 - RT)H/V2 NG ax sin@cosg =+ po (20)
(S 1+ tiva . atha B 3y

&5 + iﬁ(7))/( 1\/5) : —i\/i + p sin@sin¢g =+ i 21

EROERIZEY, 2 OTFANTHIZTDHERED2s ik LWy, vy, z BTN > 0 —T
D2p,, 2py, 2p, MUEORIZH< Z LR TE D, FEEEE L TR L4>OHEREIT
1

$s =Y00(0.9) = I (22)
Y1 -Na 13 |3 x
=———=+,|—sinfcosp=+,|— - — 23
¢2px N2 4n ¢ 4T r (23)
Na+ha - 3 6o 3.y
=—— " =4 [—sinfsing=+,|— = 24
¢Zpy —iv2 4n ¢ 4 r )

_ _ 3 coso= |22
¢2pZ—Yl0(0,¢)—\/;cos0—\/;r (25)

P7ZXFAMIE-TIRZEB LTV 256005,

2REIC Lo TR, EBEBL T AEBE EREBEOEETIERLDRVNL] LFRL TS,

3 EARJERE (x,y,7) & WEEE (r,0,¢) DRFIZIZ x =rsinfcosg, y=rsinfsing, z=rcosd DEENRH 5,
fpHLEOKE LT, HigHOX UMD D,
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Thod, TXTOWENIRITCHTHIT S L, THTREDBND] AV vy FRHLDIFTHART
HHN, REEOHBIECIHERIBOBEAREBICRDEWI AT v AT D, &2, yz F
1 T OHIARAE o (y2) 1358 BEA K %

o(yz): (0,9) ——> (0, n—9) (26)

EZALSEDBRIETHY, #lFo(y) &gy & bop, WEHES® S &,

o(yZ)¢2p =+4/4isinecos(n—¢)=— /%sinﬁcosqﬁz—qﬁzp 27
X T T X
o(y2)y =+ isinesin(n—;zs)— isinasin;;ﬁ—qsz (28)
Y0, =4 “V4n Ry

12D 0, yz VHTOBMIRIEICK LTy, 1XBCHFA, bop, PR EA RS TH D Z
EWbND, —J, #Fo(yz) Z(bEDBEETH DY &Y ITERHSES &,

o(y)¥_ = /% sin@-e (") = % sin@-¢ Tel? = — /% sin@-¢'? =1, (29)

o(y2)Y =— /% sin@ ¢/ = _ f% sin@-cTe ¥ = /% sin@-¢ 0 =y, (30)

LY, WL EEo(y) OEAREETIT RV, YL ED X 51z, FEREEIT D & IPREE
OEAREEIZ2Y, BRIV RELSITRDA Y v ERH D,

W, EREEICL DT AU v NIV THA 903, FEEEE(LT 2 Ao BEE s @A 1
L, DEAEEKTHD 2 LERO) ~ 12)T, £/, WETP OEERKTHD = LERA14) ~
(A7) TR LA, EREEIL L=R23) & ReaFkk L LTl & 1P oEABER DTS 5 h,

9, X)X P EEASES L,

BIT
Y+ Y1 +1
e o e v R @2

LD, 3WGERE LTROND LI LTz gy, &y RAEFIOWET 1> OEABKE L
TOMWBEAHEFFLTOD(Y b Yy b2 ICOWTHUEAREEZ L o» b (155 L0a7),
MIKDFER T D),

D HERRANCRBLT D L, TR 4y, DFEAE o (y2) ISHT 2 RBUTHIOIREED-1) & 72D,

2FEEAEDOALFESEO)T XA T, ME—HE T ol & B2 51F CERm AT BIE N BT 5 DlE, Schrodinger
TR Z R CHES D TH Y, BIOFEE Cfif < & ERmAF ST T 2 2 (EA BRI 0% ¢
Sh, WUEOR LR B), LiznoT, EOEBETHLNTHE TH-> Th, MEITHMILTZIEOBLIE D F 1
MOEFLYVICEETDIEEZTLE ) DITEY T H(TERI1SH),

StodL, £ DHE, AV Y hORIZT AV v MBH 5,
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Wi, AR, 2823 e RQHITEHESE D &,

Y, -Y, -Y,_ ;-
lz¢2px zlz( 1 1\/5 ]+1J:h 1 1/5 1+1 (33)
BILY
(At ), o +thg
Qme_Q( e = (34)

LIRDDT, fyy, &gy WFHET L OBEABB TRV ?), 3RTME LTRS Z L
MTEDL LI o7 Eixnx, BEABKCRTVI(=EAME S22 D) FEE LR
NE, FEELRVKEZHEOK E L THIWT, O HECALT MLl n a2 B LT
DTFRULIZY LTRLRRDIEAS S Dy, LW BEMNAEL DL, 22T, KEITT, XQRo)X
KQYOEMDE®REEZ 5,

§2 MEEEFEF D unitary Z

RIEIC gy & oy D31 DEABIETIRARN &S RIEA A LIS, AR5
5 h3, L < Bk Lmﬁzp L P OBAEBIC > T DD, TNENMAET RO
KES|ELTHLEORE S JITHD #HEF LTS, £f, PO FAF—TLET
Bon OIITHEAF LIS E T m (IZIHEGE L2 o, XA0)e=X12)D L 512 m IZHY T 5
[, DEAEZ 7272 ThZRAF =03 Eb-oTLEIMEL RV, DXV, %%%i)\ F 5%
78, RO AES RAEED D5 L O REMEBINE LBVIRY, gy L gy,
NROYMBEZZEZ CLEY Z LT, LA, AT LAY v FOFRKEIN
LWz 58,

EREOHERIEL O AL TIT o T2 B A B OB DR SN A RO —fkim%E 5 2 T
HEO, Wl NTRNLF—e, bbb, P PNTRLT—g(ze) b DT DHE(H &
G ITHEIL S, BWIZEAT D), £iLZ4, Hamiltonian” (2% 9 5 [E A E A F2

U EE o(yz) OBEREKIC A o 72y, AT, OFARBRETCIT R Rolc 2 &1L, BfEo(yz) LIEF 11, 23 A
TRWZENFRTHY, R o(yz) &1, OEAREEKL 25 BBUIFELRNZ LEE®RL TS, Lt
BoT, oly) OEAREKTHLZ L L, DEABTH 5 = & 1% trade-off DBIRIZH 5, 7245, Hamiltonian
A & FRIET T Cch D,
EF NPTV B R T,

M) L0t HEE) 20D 2 ERHERINERIN S 57278, &, [#FiR) 21E1E L, Green Book T
t TiEIR) 2MEDIL TV D EIRE OFERICEKAFE T 5 L 5 Th D), 7ok, AETIE IHEE) L7,
unitary transformation(=+ =4 Y —Z5#4){X unit transformation & & FE{TAL D,
T E2EL B oL E TR T T, @Liﬁi*/l/:‘?WZi LR T B (m IZIHEAT Ley), KEFREF(ES23 1E)
DX, HVERIO b & T, BUET R LT =R NTEF LRV E LTIRDbNI DA, ERIC ifg%é&n—w)
1=0(2Sy2 RIEE L =1 (PP IRIE) & 0 b IRENECHAL T1057.9 MHz(BALHLT0.03529 em ™ )i\ v L —
% B (19474F1Z Lamb & Ratherford 235 HIE), Lamb shift & FEIZN D Z D= R L F—ZDJF KL, Dirac 2 AI%E Lt
XM R T D TIEB 5202 TE 9, Feynman b 238 S B 72 & 7714 /) - (quantum electrodynamics)(Z & >
TR ST,
O HE T, OBAREETIEARL 2D L 0D B Lol BT WO RIS EBEDOTH D,
7 AZETIX [Hamiltonian {5 7-] % [Hamiltonian] &F0d, 723, LI OBLEIZBIT 5 Ftik % Hartree-Fock 1

W

[N
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Hey =&, (35)

Hep, = et (36)
DY SLD, 2 DEGE A AL A DY THEVERE S L ),
W =y + oy (37
20, HxfFHSE5% &,
Hy =caHpy + c,Hpy = cyéaty + cpépthy (38)
Ly,
Hy = C(cydy +cpdy) = Cyr (39)

EWVITBIZT DT EMTERW(C FEAMHE), L2 T, w=cud +opdy (3 H OEAEEK
TRV, LML, 2200 g, & ¢ 2 H IZOWTRICEAEE R LT —e=¢g, =5,)% b
DOEEL TV D)HEE, K38k

Hy =c,H@, + c,Hpy =c 60, +cped, = (cydy +cpthy) =¥ (40)
LRDND, ¢ & p BHBEDETES By 12 HOBEAEETHY, bebED2on

B OEAEICE LWVEAEZ o, #TLFo BB b B ILs D L v ) HEigh b, K
BT DBIEAE G OFREEAN T2 3~ & R

<Ca¢a +Cb¢b |Ca¢a +Cb¢b> (41)-1

=l ey P (B | da) +Chco (| ) +cica (o | )+ e [* (da | ) (41)-2
R 5 0 1

=l ey [ +]ep P=1 (41)-3

NELND, LIER->T, b EDEENHEL TWD 2 51E, XED3DFRENmIZSNnD
RO, 255 (c, cp) 1T EDE S A EDETH L, ZOMAEDOHIFEBO)NIZH D, H
HAIZoWThHRe A LBEAEZ L BEBILINZEETH LR EAEETHLIND, R
DD BEEDOLDNELWEIMMERT DL ND Z Lidal, I _XTEEARBKE LTHx
D

RENIZ L V1> OPBEBIEEH /2 ITHES T, §1TYH & Hy D gy, & bop, rlEo T
=A% RELTAHL I, X@23)ERNQHYEFEEITHIZHNTERT &,

/2 Mﬁ]
~1/\2 i/\2

(1629, h2p, N = Y1_1>,|Y1+1>>[ (42)

LB, Thve—iRRIE

IVTEBRT 58410, Hamiltonian] % [Fock R ) ([C@EE Mz T L,
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b
(|‘//1>’|1//2>)=(|¢1>,|¢z>)(j dj (43)

IZE L EERENAL D 2x 2 4THIINEHATH), Wi D Hermite H4% 1T

(Gl <Y .
wal) (p* a* (]

L mmn, 43)ERUAHDIHD ENTEDLEL(NHEE & D) &,

T At
(%l (w1).lw2)) {b* d*} | A1) (45)
s, DFEERT D &,
(('//1|‘//1> (l//1|*//2>j a (<¢1|¢1> (¢1|¢z>](a bj 46)
walvy walva)) (bt a* \(hld) (Bld))\c d

WEBND, B LMol w) & ) TRERAEIL STV AT TR, B
TR B EH(wy lw ) =St kY,

F ﬂ V*CTF ?F ﬂ F*CTF q
01 podr 0 1/\c d peodt \c d

BN, RANOADERELT,
(1 ()j a (a bj |a|2+|c|2 a'b+c'd
_ _ (48)
0 1) \p* a*\c d) | ab*+cd* |bP+|d[

157, R(48)DIEI) & 5N DFLZE D ELEg Hs B

la* +|cP=1 (49)
b +]d =1 (50)
a*b+c*d=0 (51)
ab* +cd* =0 (52)

NELND, KA ~GQDEKETE LD L,
+ (49) : BHATHIOFBIFN SN T Pt ST g,

U 47%110> Hermite 2e9% 1318 LR E 2 B K+ %, Hermite 257D A ARZEFIIFELE TH D (D3, DU RTWVWAK
SETIIRVY), a1 a DEFLEEZERT S,

2 HRAL SHEAZT 5 B & IE R E AR & ME S A BLACBIS L MES 2 & b & A B IEHEL R MMl 5 H A
ZNEBT D)),
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« (50) : BHATHNDFE285|(FNIR T R EEIL I TV D,
« RGEDB LOF(E2) : BHATHIO 1S & 25O NFENOEFE 151 & 253N EAR),

L0, BHATHIOFMNERE LR Z2 R LTS Z NS, ZBHITHIL unitary 1751 TH 5,
£7-, K@D & T, 1781& 2D Hermite HRATHDOFENHEAATHITH 5 (B V2

% &, Hermite 3EATHINR AT TH 5) 2 & HEEATHIA unitary 1741 ThH D Z EITHRHE LT

W5, &L E LT, unitary 17810 H H 1ODORHETH D THIXDORKE SN LR LT

B9, BEATHOITHIRIZad —be THDH DS, FDKRE ED2FEIL

|ad —be |*=(ad —bc)(ad —be)* = (ad —be)a*d* —b*c") (53)-1

=aa*dd” —ab*c*d —a"bed”™ +bb*cc* (53)-2
ThDH, K49 ERGO)DTD» T DL
(aa” +cc™Ybb" +dd™) = aa"bb* + aa”dd™ +bb"cc” +cc*dd” =1 (54)
LI, RGEDERG)DW L ZNTDH &
(@*b+c*d)ab” +cd™)=aa"bb* + a*bed” +ab*c*d +cc*dd”* =0 (55)
LD, REHBR(GS5)EFIN
aa*dd” —ab*c*d —a"bed” +bb*cc” =1 (56)

DFEDITR(53)-212% L <, BEATHIOITHIRO K E S(D2F)NB1ER D05, BTN
unitary 174 CTH 5, §1TIT - 72 OEHOAXGNE2) DAL DOZEHATHI S unitary 175 TH
50

AFIZEBVWT unitary 1T51(F LT unitary ZH)IFEHEEREEZHH S O T, TOMWEEE L
HTEL,

C HBINEREZSR 2 2T FIN 7 FAOKE SBIT, FIRLRELT 5)
 BONERBELRERT AT PAOKE SHIT, FFRLSEZT 2)
- U =U 7 (Hermite #:4%1 751725354741, UTU =UU" = E (E 12 5471751))’
- WU unitary 1751( (U—I)T — (U—l)—l)
- |det(U) | =1 (ATHI DK E ZH31)?
+ Unitary 175 DF&UU, % unitary 1751)( (UIUZ)T _ (Ule)_l)
« Unitary 254 f IZNFEZRTET 5 ((f(@), £(B)) = (a,b))
FRRONKEEFEEMIZFE T TH DN, BHFTO2>0 EREAREARE (4, 4) BT

THXNAF—[EGHe b HMEL TWDEE, (4.¢) % unitary 28 L72BE (p), v,p) BT
FNVF—[EHAMEe 2 HOME LI EREREABEKICRD Z L 2N DOTEBI 9, 43D

! 1|3 Hermite 267 (1 5 2L RIE) & EKT 5.
2 det 1% determinant(f781) & BT 5, #xHMEDT S LITHRDOTLHICF CiLm a2 W5 LIRELT 20T, AF
T, MExHEE | |, 1751 E det( ) TET,
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EHATH % U TFL,

(v lwa) =(d). | NU (57)
ET 5, R(SDITHE D Hermite &2 DT 5 &,
(“”1 'jd vy =U-{<¢‘ ']<|¢1>,|¢z>>v (58)
(w2l ($ |

Ly, BR4oseE,

[(V/ﬂ%) (W1|W2>]=U—1[<¢1|¢1> <¢1|¢2>]U=U_1[1 OJUZ[I OJ 59)
w2 lv) (walwa) (B ld) (s 0 1 0 1

DFOLNDLING, BHEOBE (), vy DERBERZRRTHDLZ N5, BAMHEIZONT
1%, #(57)IZ Hamiltonian Z#1EH &5 &,

H(y1).lya)) =H( ). DU =(e|d). €| )U = (| ). | U = e(w1). lw2)) (60)

ERDMD, B (v, w) BB (4, 4) ERICZR AT —[EflHe b D LMD, 72
B, LD (4,6 PHELTE LT, BEHMEN(g,8) THILHET

H(|ly) lwa))=H( ). | DU = (&1 | ), &2 | 2)U (61)

L7, ZNLLEERTET, (p,wp) F=FXVF—EHEZ S 727210025 KO Hamiltonian
DOE A B TIER W,

FREOMEAE - RANCERT D &, TR U X —ACHEE U 72 15 B AZ [ A B (@) A3
nfildsnlx, TNOEIEKE LT unitary 22 L V155072 n HOF LB @LE) TS
& DOREENE) & R U= F —EAGHEZ SO0 LWV IEREAZ B A BEE@LuE) & 72 5] LW
2z %', Unitary ZHITIHERICATET 2D T, B IN-BEABEEIIERICHFEL, 60
IBIELWEDORRIEMR DD E WD XAiE7e<, T XTHRELWEAEREKTH D, FLIr
L7z p DI TV ZIE, KGS) ~ (MHOERBHH(23) ~ Q5DERI b =R /LF—FHEL L, W
THPPIELWER) WD Z ETRn, #iZ, Z2<DTFANMI, £5TEERTHLINOD

[ZHE I TV B EIE OFE 3 IE Lb\@m_@ﬁ/ WO DI TIEAR L, GRIEDK E LTHIT
20 O b E D) IEIRE O EHRE AR D122 a0 LT & TH 2K (23) ~ (25)
DFENR 72 CHARLT WD B IE LW TIER D),

1Y L ORE@LE) H DIEA (72 & 21X, Hamiltonian)DFEA K TH->TH, MHEL TVt UE, unitary 2
a2 L 0 455 N7 Bk 13 7 OTEE A O EA B Tl e,

2 p#uE & L THSHOF UL D L9 RN, dBE(D 9 B32)E LTHDIED 7 1 — 30 L 9 72 KA
DIVTWD ZENRZ, ZNHIETAT, 3R E LTRBNDEIITY ), Yy, KV ,, Yoy, Yy,
Yy, Yy % unitary ZEH L2 b O TH Y, 3UTCRUCHIA N BGE 721 WEBICHFET 2HE OB TRV, %

@H UIREE % EHLT AHLE OMAA DOEIXERICH Y, PuEORE FIIBRT A Z LN TEARWVGEEE ),
CHPPOLT, BUBEOEEZBHI LIS W IOGMINBEBRIN TN D, TN DML ~DEE L 3ERICBI T
uﬁﬂm)jcﬁaks ~10ICFEEN TV D HRE1E ),
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H(20), I 2T,

io io
ey —e N,

N

(62)

Y +e
i2
EVDZHTH L OB(LE) & fF-> T, A(62) &A@ LT nTMisfEsnTiY, A
BERT 50O ERELRTHD, £z, ThTh, BRTPOEAEETHL1E, RORESL
RTBEE LT, G Yu) R By oty ) EAETHLGRTME LTRDZ ERTE S
(Bop, - bp,) T BVE LW (ELET ) DI Tl R(62), (63)DLHAATHIRILT S &,

ei&/ﬁ ei&/ﬁ}

(63)

. . (64)
_610/\/5 ele/\/E

720, BHATHNIEOILY unitary T8I TH D, QIMEEOETHY, IERERZRNDIEREARR
~OLEBTIRITAAAET D005, 3T L LTHDID (> b ) IZIEBRAH O ESLIE A B H D
FD 12T E A, '

Y Y1+1{

RIS CR SN2 BBEAEBROLEMIZ T TR, FHERROERRE V) EWRTET
A BE)DHE TS unitary BB T 52 L2 RTRI O, MHOEBFIZAE AREE L
Ta b pabonb, ADETEZIOORLLTERDLE, RBLD O DRELELT

(a), pD) ®(a(2), B(2)) =(a(Da(2), () B(2), BDa(2), B B(2)) =(aa, aff, o, fB)  (65)
DARFED B 5 (F(65) DI DFE % Kronecker fif & MES), 4DDEED 5 b aa & BRITHRDOEAY

A TEB) R T (023F) §? O(BEAE 21 % b o)EA BRI > TWDR, aff & Pa IZFEAM
B> TWRWD T, af & fa iZ2\T

%(a[ﬂﬁa) (66)
L ap-pa) 67)
5

LWV EHETTH L, R (66)TFHE T ST ICHOWTEAE 20° 2 b b, R(6DITFEAHEE b A
% e 70D, HET S OEAHILASS +1) ThHHND, 320K (aa, (@B + Ba)/ 2, BB) IEA
VU AER R R TS =14 b O3EIEREE(2S +1=3)ThH Y, B (af-Pa)/N2 1£S=0 D1EHIH
REE2S+1=0) TH D, af & Pa »HR(66) & (6T ~DEWEITHITET L,

N2 2
/2 —l/ﬁj

LR BN, ADOEBITHNL unitary 1THNZ72 > TWD, EHEATO2ODREE (of, fa) IFTERELL
RTIEHDLD, bR OEE L -712721FTHY, ZibH% uncoupled representation(FI#Y
RI LIS, —J7, L% 020K (af+Ba)/N2, (@B~ fo)/N2) 15 O TEHLE 4 5 4 B
¥ THY coupled representation(REFIFRHL) & FEIEN D, LROERIX, 2200FE AL &9

MEBROGH] Z175 FiE Th o, K(66) L R(O6TDIRERHG DRI, SF0, R(O8)DE

(@B + pa)|N2, (af - pa)[N2) = (ap, ﬂa{ (68)
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BITHIDZEFE T [Clebsch—Gordan £23') & FEFE S, KRO)LXQRD)DZEH S unitary 175 LD
EHE AR A EE R 2 B O EREARICER L CTWHEKRT “AESHROAK THYH, £
DEBATHI D FEFE X Clebsch—Gordan FREUCH YT 5, AETHEOGHAI & AMEE S <
Clebsch—Gordan 23731212k F 0 BEFR(H & 5 R 72 H 720 D1, [Clebsch-Gordan &3k % 5%k
ET5] LWIOKEEBEN > TWEINLTHY, MLMELARTHITEZERTH 5,
Clebsch—-Gordan %% % & T DRI, MR D D468D 5 BEF ORI TS NEALET D (IE
LWt D) EIFR R TV o LRI, MERE S HHLEDOZHRERBLO 5 b, 3R E LTHIT
HETERBIS T N EET DHEOHEZIE LK EL TWD DI T,

§3 FEHEEBERED unitary £ &EREEICEET HIEELR

AIETCIE, MEE L72 EREAZPUERED unitary 282 X0 Hi7- 2B DR D H0ERES F U
AEE B OIEHELRHERE 70D 2 L 2R Lz, AHITIE, b EOHLERNEHERRTH
2 BIEMEE R DG H DOEHIOWTE X 5, BAEMIZIE, ZE IR T02s HluE(12)B LW
2p #IEGB D) E A G DOE TH LW HLE4A S Z T 256 %25 2 55, 2s il & 2p #uE 250
HEDED L NDITT IR DX A & U (CH) ORSEDFI CBET 2 sp iR AiiE
ThD, LLTTI, REFTOERE SR EABEBGEHEE) TH 52s, 2p,, 2py, 2p, 2 HIEHK
SN D sp IRARIIGE 2 12 FEHE SR O unitary BHUZHOWTEZTHE D,

TR HLERE S DR 72 Tt X DEEMIC O W TITHIBRE5)T 528, %< OB H 5\
FETLFOT F A MIEHNFEENTNADT, I CTIEHREEEMNT 5, CHUXIENE
i % LTI Y, BHEIFT(C F)D2s, 2py, 2p), 2p, BHLHAD S 5 T4 D% sp ik
ELEZ L, EERIC H JFO1s BuBfEa L Tnd eiiflans, Zokx, C
BT OBGEICIER T2 L, 450 spilRRkiiEx

Go=3 s+ by, oy, + ) (©9)
= s~ =y, +p) (70)
Comry sy, + by, ) a
Cams s+ by, =y, ~hp) (72)

ICkhREND, KEFIZL-TE, 4ODOHLEN

! Clebsch—Gordan f&5IZ DWW TILCHk13 &2 B,

2 Clebsch—Gordan $REt 23 3281272 5 DX TCondon-Shortley DAAHS M) 8 LIzfERTH 5,

S HICARZD XTI OIRARICE > OB LT 0D LWy, IELWEEE)DIT Tidlau,

S UELL EDOETFESE T LMD, 2ELU EOETFERET HRIATFO0 T ESE TR EFES,,

5 FRTOLETFTD2s ¥l & 2p B8 O = /L X — 372 5 2p #E Z LT A3 2 OHIE DO = R L F — 135 L
W), LENR-T, ZEBAFFEFD2s BL U2 LEFIEFERTH 5,
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,_1 V3

Ca :§¢Zs +7¢sz (73)
_ 2 b

é/b - 2¢Zs +\/;¢2px 2\/5 ¢2pZ (74)

G, — b, — ety as)
c 978 \/g Px \/5 Py 2\/5 P

Ci= s, + b, ~ 76)
d 2 S \/8 Px \/5 Py 2\/5 P

EEMPNTVDN, R(69) ~ (72) £ H(73) ~ (76)1T4 > DEE RARD ZEF N T DELH OET
HY, TNETNOHEOIKITE ST FRILTHHE(T3) ~ TONT  flZih HWEE ¢, & LT
W5), ITFTIE, KOERZAvF Y LTHDER(69) ~ (72)Z2 AW Cilind 5.
R(69) ~ (72)% AT, (FFZ, LB ZFH LI APHRELT 5 DIXR DR TIERWEAS S
Ml
(IRHLT)
CH BT 2 BT RN T, s HUBIIEERRI a|lZB L, p FLEGO)IT LIZEL TV 5%
ST NOEIEILS T BT 5 REEORERIRBUZIG L2 T T 7e H ey, e 5 BERR
BUZBE T 2HuE & A O I BARELE XS TN BT 5 RO EOBERRIUZ § xHi L7z
WOT, sEIIEE pLEE ERD Z SRS SN2 WNALT TH D),

(1REL2)
FROGRELDICEE#E LT, £EFRDOLE, 2s ¥l &2p fulE o= % /LX— L[ T TiEi
<, e xiF, 2s PUEO TR LT —Z g, 2p UEOT RV F—% g b TDL, (1T
Hamiltonian Z {Ef S ¥ 7254,

1
Hé/a :E[gs@s +‘9p (¢pr +¢2py +¢2pz )] (77)

L7200, HE, =C& (CIXEAFME)DOIZEIT VD5, £, 1% Hamiltonian O EAH A & 7272
WERE8) TR LRI, ©F Y, JEAELEIE Hamiltonian OFEA BRI TRV, & ~ i
OSWTHRERETH Y, EARBEE TRTNIEZOBEIXEE LRV D, (RRELEIXFEE L
7RUNDTIEZRND),

S BTV O DORREITFE SN TIRHE I3 2 BERZ LU IS 5,

O k2, p. 139
NERHGE IR D > TWARFDOY 2 L—F 4 o H—HRBRROBEOETILR L, B
IR ETHEROEY & 1TV 2720

VR DN AERRICRIREL LT/ T,
?ARETIE, WuED R DBEKIERELZ upright O3/ TRET,
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O3CHER3, p. 73
NRBRIZH TP ENNEBEITE Z > TWABRTHLIDDO L) IZWnbD I EnH D
D, ZFITIERY, BT FOSIRPIEEREEAFEE T &1L, Bkt Eo
Te<BEE LA THLREAICAREZRDTH D)

O3THik4, p. 136
MRA—E X IEIZ) FOVEWVWOEER, S o0 TTTIZhbroTnD Z LT
LMD ZUDTF RN RN TH RV, TEIUX MO {EDOEAIZHESTILH DSy
FERN-NHEDTH D |

O3CHikS, p. 192
MR TIT ERRO L ST, 2s 22 IS E D EWVVoTo L D7, DUYEELEEZ
EL4 50, MO ETIRZOME TR, ZO k) RRBENDL, EE5EY, ZORK
DB Z o iFE TR nN20N, [HRRDOTHE-> TS|

O3CHik6, p. 495
[ERRZZE D) LIZENFEL TH LK TYH, FEAHlfEAEGH-CREE X, b5
IR E T D72 DIIIREFEAR LD TH D)

O3CHkT

[Honestly, it’s strange to me that hybridization is still taught as gospel in undergraduate organic
chemistry classes. It has some historic significance and I guess is far easier to understand than
MO theory, but I think in the long run it does students a disservice to make them believe that
hybridization is the ONE TRUTH when it comes to structure of carbon-based molecules. |
(EEIZE D &, RN KA O FORIETHGHIREZA L LTATHHEIRS
NTWLDIEFAREHETH D, BRICIIEENER DY, HFHEHREY 13250
(SR LT W EITE DAY, RERD T OMEICE L TRIAME—-DEFETH D &4
AIFECIAEED 0)6i, FEWH “C‘ﬁi}”b TFAEIZE S TRRETH D, )

O3CHR18
[. .. in the teaching of organic chemistry, and, as a corollary, general chemistry, the hybrid
atomic orbital model has unfortunately become very entrenched. Student understanding of
molecular bonding is often fixated on the localized bonding model and the hybrid atomic orbital
model only serves to reinforce this notion. As a result, students have a difficult time accepting
other important bonding concepts in chemistry. The concept of probability of finding a
particular electron anywhere on a large molecule, and not just between two particular atoms,
causes no end of anguish for advanced students of chemistry because the localized electron
model is so ingrained into the fabric of their understanding. Localized models do indeed serve
many purposes, but to reinforce them through the construction of an incorrect model only

serves to make deeper understanding of chemistry more difficult.

- ARET, £ L TURLRN L —RIEFOET T, BRI HUEE T L3RS
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RN BIERIZESR LT LEST, 7 FaIClT22EQMMT, LT LITRETEE
BT VICHEBL, BAREFIEET LI OB 2T 272 ThD, EORER,
FAIMEEICB T 2MOBE LB EMES 2T ANLDITEHT T 5, RFTEFET /v
PEZED LR A OB O P AR SRS VTN D DT, FFEDEF D2 ODFRFE
DIRFM7TZT T, RERGFDOEZIZTH RO DLMEROBEIE, #HHlce > T
KDY DRNEMESIEE 3, RITET RN ZE < O BRSO N, RoTl
EFET VORIV ZN G2k T 52 &I, (BFDO XV RWEFEE L REEIZT 2
EFTho, )

Plbk, W< OMRMRIEZHET 2ERIZIHS 00, Al L7ZGRELD I X GREL2) & [F]
FRICERER & 2 WITHLHI 22 B RN 2% <, IREEEIXFEITHE AN EW,  FRoRELD S (R
2Bk TR, HmMICbEFMNICHLIELWER CTH 2000, RALE D FE A BI%K
TEHARLEFNICEET DI HOTEHRVEWV) FIFIELY, ZOFEFEIIZITANDLELT,
RAHUE R R R0 T)DIRREE & 2 £ TIEREICE L TV D00y, IRETLIRE CIRARELE &
THEDOBMRIZEH L OV TEZTAHAL I, (LIFFE o272 b OO)REIEIZSWT, C JRT
PUHCER L7272 B0 o R(69) ~ (712)°R(73) ~ (76) T4y F-#E & DO+4y 7 bk
NTERVDT, (WEENETBICRDMN§4THFHE, §5 TIRRINE D RE 2B H 217
VY, §6TAKIIIC IR 21T 5,
WEICHEDRTIC spPIRARBVED “FhH” 2E L TH LS, BFREDO T RX—ERk
i) & Fn(Z DOIRFBIZ WD D HEFR DN e 1T D E TORFM) DFIZIE
r-AE=h (78)

DOBRN D 52, TRILX—NHEEEE D TUR(AE <<1), TOREIZEFIREIZ/RY (r>>1),
TRV X—MERIADIUR(AE >>1), FERFRIGEMITE L 720 (r<<1), EFMIFETE
72K 72 %, spRIRERIME OWLE T F L —28 C JFT-02s?2p Bl B D3P IRHE L 252p it i S Ik
BED T L F—75(33700 cm™! =400 kJ mol™' = 6.6x10710 I)THIY T2 = L X —iECRiE
BV boLT 5L, FHMT0.16fs (=1.6x10710s) L7325, 72721, ZoEIE, RAEN
FEERIZ0.16 fs DEFFET D E VD BT, EFIZIIFELRWIRREETHD Z L2 5E
KT D0 DHETH 5,

(771X, FEIEYE Hartree—Fock T2

N
¢ = iji¢j (79)

Jj=1

U SCHRIS DR ELE BEANIIE R (I ©, IREIIE DO = R X —ICET 2 @B R S 2R L, LRSI
B2 7 v X2 hUBURED) QBB L GRS T, E32E LALBRHEE I SMICES TH D Z L3
SN TV BRI FHGETT V&5 ME2 S L iude vy Ll Tun b,

2 Z OFMRERHEEMBUR LA TVA T F 2 MIZ WA, IEHAREFROMIATIE, BRIZZEETIZR LS
TA=HTHDHND, FEIIIATHEEERR L EENE TERVE WIS E RN DCCHRD, LRI OFE TR
e EMERAFR D0 0 1T Wigner—Weisskoph D FIETE I SN LB RTW D, REDOFM L = RLF—IFDOB
&R - AE = i OITHBIZ B AV D TH Y, REEEMERBIR(AL- AE> 1/2)IZAREXTH D05, W
R DHDEBZZDHFN L,
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EIRETH Y (f 1% Fock {51, f; 13 Fock 1T8I%E3R, ¢, (ZERIEAPIEGLE)FEE), #l ¢, 231
DOOFEAEE b OEABIEKIZ 2> T e, £ 2T, BLERBISEE (4] % unitary 254

Z U (80)

WXL <, RT9H%E
fé = fub =6, 81)

DVIZTHZ ENTE S, A(B)IL unitary 2812 L 0 1ES -5 LWBLEBIETE (4) ODThEh
NEEME e, 2 bOEABMRTHD Z L2 E®R L TW5D, REDIZEXE Hartree-Fock HER, ¢ 1%
IEYEBLE (B D W E, B EGE) & RN A2, IRARIGE & 4 7 iaE O BIFRIEEN(79) & X@B1HD
BILRICEHEIL T, EHERLEILS T2 BT 2 REEOBENRBLO LK CTH v fleE L 7= B f#
(B RX VX )E L OO0, DTEEKICENR->TEY, RKTE0oT 2 bF-EEDOAL A—D L
eV B DGENRL N, £2C, ERROREMGE(T9) - K@) & iX#C, EXERLE 2 (G )unitary
EH LR EOREG DA A=< 725 X 9 IR S 7=l R EALTLE)TE D 1D 23R
HIE CTH 5, JRFHLE O A DRI ) CIRABLE SR S 5 (3 2(69) ~ (72) &)
BT, EREFMB Y, & Y, OBIEHE A (unitary Z8H0) TR S L7858 2p,, 2p, (X42)
VRE” BLUETH D,

§4 CH D5 FELE(MO)DIE
CHU IR T IZE T 5, FEEZMIO L I ITREL, LR THFHuELHEIET 5,

» HEF(1s BB DX FrghE DEIHIRIR
H JF7 0 1s $uE AR CI3URRE Ty OBBRNRBLO KU 2720 s, SRE Ty OXFREAE
&V, HIRFD45D1s JuBDNFEIZANED L0 5, HIEFO1s #1840 TR S5 %f
FREESZED, H JRFD1s B4 DIZEEE Ty OXIHEIEL M L 72RO RBIRINOFRIET %

FURTS,

1,450 HJEF(1s BB O 5SHBFE Ty OERIEIZEET 2 f5EE

E 8C3 3C2 6S4 60'd

r 4 1 0 0 2

I Fock 17 fI3EE O unitary UK L TRE(f = f)Th D, AEFIECEBAV)SH,

2 Tcanonical = IE#E] |2 [IE] L WIHUFREENTNWAR, [TEHE=TELV] [FEEHE=TEL RV SRS
RETIRARV, FEEPEIIEAMEEZ 2RV, EESERE (4) b EEIER (4) b unitary ZEHOBIFRIC
B 2 B OFEREL T~ T, REROYHEFEMIMOT AT )L LTRILELZ 525, LR T,

NEXE) 13 TIERE] HoHvE TEUEE) ([ZEWERTHY, TEHE] DAoL 03B Lo BTy,

3 Unitary 174101741 unitary 1750 Cd 5 2> 53 unitary Z5#2 5 unitary 2 CTH 5.,

fRZBOEHITII A BB L TWD, 723, MO I Molecular Orbital DIEFRTH 5,

S RFMRIEIC X VAL EN AN ED 2 BER L2 S — ) — ¢ ﬂ%:U\‘ = =R TR D AR & * R
L7 (symmetry orbital) & % WM I EEHLE (group orbital) & FESL, 72 & 20X, K3 T(H,0)D2ME D HIF 1(1s BLiE) b
R—= RS —Th Y KFIE R T D,

O KXFMRIEORIUTHIOIREL, 42O HFEF DS b, HEELZiE L CHuuOME) b8 L2 H R0
A N v (N = TR
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1. CH, OCH T & HRF OJR 1 HuE

BONIARRIIATRER TH 500, RllE Ty DFRERF)ZSHICLTHNT S &,
F:al +t5 (82)

Elenl, Jek, AETIE, HFoFSBOEEIH- T, HuBOBEKIFRH %2 upright D%
INICFTRT,

F2. MEET, OFEER

Td E 8C3 3C2 6S4 60'd

A 1 1 1 1 1

A, 1 1 1 -1 -1

E 2 -1 2 0 0
Ti(H) 3 0 -1 1 -1 (Rx,Ry,RZ)
T, (1) 3 0 -1 -1 1 (x,¥,2)

» 40D H RF(1s ENi&) D X FHEE
BERRBL S ST EE 32 O CHRELE 2 1E5 23, BERIERBL 133 cTh D0 b 4t
WAL U CHRHBIESE 5y 8E CH 2 S8 D, DBERIEBLUF3) 2 V5,

VR OARE WD OB EIETH L0, AIRRBUZE N BEBRRBOED DI WIEEIE, FIRIRE & fEEE
ZHEO DT TR TETLE D Z &%,

2 JUPAC @ Green Book & #lLi % upright D #/NLF TR LTV 5D,

3B IC OV TIIOTR], 6B,

42U EOBERMRB OIS Z O F EHEEE FICHAT 5 L EABEEAE S L OICFBR 0150, MFEER
RO R Z M X IIES I CEAEEEZHEL N TE D,
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3. SBED, DRsEE

D, E C(z)  GC(y)  Cax)

A 1 1 1 1

B, 1 1 -1 -1 | R
B, 1 1 1 -1 | wR,
B, 1 1 -1 1| xR,

SE Ty & A Dy BERIF IO MR

(Td) a4 —> (Dz) a (83)
b3 (x)

(Ty) ty > (D) by (y) (84)
b1 (2)

Th DD, HEE D,DEEKIZKIL a, by, by, byZHHE T & L THWTHRILEZ T 5,
THHAT 2 ER ST HEFIZERTH L0, K10 a ® HIFEFO1s $ll gy TR D,
DRI 2 VBT S H 7288 R (FR4)

KA. 1B D, DFEBEE ¢y ITIEH SETRR

E Cy(z) GC(y)y GCr(x)

¢Ha - ¢Ha ¢Hb ¢Hc ¢Hd
IZHE-> T,
a: Pu, + P, P+, (85)
b3 : gy, —dh, —h_ + o, (36)
by) ¢, — s, + ks, — o, 87)
b1 ¢ dur, + s, — i — i, (88)
BIFHILD (x, y, z DIAICIE~T2), T ENEBUEL L, SHE Ty O HIFEF O FRELE & LT
1
Xvia, =5 (P, + o, + P+ ) (89)
1
ZHth :§(¢Ha _¢Hb _¢Hc +¢Hd) (90)
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1
My, =5 P, ~ P, + 9, ~ ) oD

1
My, =75 P, + 0, —Pn, — 9, (92)
135,

» HEFORIHENE L C RFOEEDENRIAS L DA EHLE (D FHERK)
C JiF DT HIE2s, 2p,, 2py, 2p, D sLEE Ky TOBEAIRBUT!

2s e Sg 93)
2p,
2py r€py (94)
2pZ
Tl D, EEK, LA T35 K OMEE Dy OBEOR B O,
(Kh) Sg —> (Td) t20] —> (Dz) a (95)
b3 (x)
(Kp) py = (T3) ty > (Dy) 4 ba(y) (96)
by (2)

TH2D, CRFOIOOMWERK by, 6 b, ap, IXENENZEDOEE THREE Ty O
BERRBLOIKIEBIE & 72> TV D, LIZD2 T, oy 13 g, GRENE L o 13 2y, (BRO0))
Lo b, 1 2, GROME, ¢y 1, (RO EFEIEREIC L HMAEDS Y, kD4
DD FHPUBEE TR T b,

Pa, =1Ps T A2 XM, = A1Ps T2 %(¢Ha +u, P, ) (97)
Py, = @21P2p, T A0 0, = A1Pp, T2 %@Ha ~fu, — P, + ) (98)
Py, =B3162p, 32 M, = B1dap, T3 %(4175[{21 ~fu, +Pu, —Pu,) (99)
P, = aibrp, + A, = Aabrp_ +aar %(?5[{a + o, — M, — ) (100)

SFHEBE(DOE Y, ay ~agp D8ODIRE) L EAMELE =R L F —) &R T 512,
8x8 DIFHF T1TH| & kLT D MR H 5732, Hie HPENEBUZE T % BE%T Hamiltonian

UKy BEE, o%Y, FRERBRTAERETHD,
2 8iHE( P ¢2px’ ¢2p‘,’¢2pz’ XHa,> XM, > XHt,,» XHt,, YDOETH 5,
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LS TATHIERIZOTH 500!, HETATHNIBENRIL T L1, 2x2 OEFE {74141
block out &4, ZNZNZxtfAf L CERAM L BEARENEOND, Ty mFEOBKIRS 6T
3RICREME) D F FMFEOMRT T, MHEEO a IFRLE L 3EMHED o FHuEN TE, %
NENZ, FEAMEEKEAEMEIENE T HDT, (bEb & DOREEBEOEIZE LV )8 DD
BN SN D, BARRRREOEITHE AT OITHIER OIS 223, B, C
JRF-& HIERFORTFHEMOELR VS 2B L, CIETOETHuEDEF G L4500 H T
DORFFHE DTG RE L BE,

1

G =i =" (Fh A PEHLE) (101)
BILO
41 =—ajp = % (BAE B MERIE) (102)
LT DL, RO8ODFTHENF LD,
.1 1
(031—5@5 iﬁ(mwﬂbwﬂcwﬂd) (103)
.1 1 o
G, = 5.t 5 5, ) (104
+ 1 1 ~ B
q)‘zy_ﬁﬁpyim@ﬂa P, + P, —9u,) (105)
L1 1 L
P = 3P0 gy O I T ) (106)

5O A MEINE, —IIGEAEMEE TH S, K103) ~ (106)Z1T4|TERT &,

(qot:l,wt-;x’(o:;y’¢)t-zz’¢3;’¢;2x’¢t_2)r,¢t_21):(%s,@px,@py’¢2pz’¢[{a’¢ﬂb’¢l{c’¢l—ld)( UMO ) (107)

L0, HHOEBITINUNo 1T FRRDIBIZR D,

U g, | H | @p) D HIZESHRIRBRICBET D0, ¢, & 0, PRRDEEHIERIICET S L 9, & o, OERDIEELT
MR /2 2 O TITHIEFRIT0IT 2 5,
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1/\2 0 0 0 1/\2 0 0 0
0 1/\2 0 0 0 1/\2 0 0
0 0 1/\2 0 0 0 /42 0
v _| 0 0 0 1/\2 0 0 0 1/\2 (108)
MO oz 12z 122 12z -1z -1z —1f22 -1/
/242 -1/242 -1/242  1/242 —1/22 1242 122 -1/242
/242 -1/242  1/242 —-1/242 -1/242 1242 -1/242 1242
/242 1242 -1/242 -1/242 -1/242 -1/242 122 1242

1TH1Upo 1382 T/ L 72 unitary {THIDOGMEETH 72 L TV H(EE 1),

EROBITIE, 1205 FHuETO C JRFORFE & 45D H JR-F O FriflE O F 5%
L <BWT unitary ZBHATHIZG7203, EEFATHIOITHIER OMEIZ L o TIEEBRITHIN
unitary 178 CIER2WIEEDRH LD TIXRWDEEHND ThD, L LERLLTLTEIW),
FRIEAREE DO IR D TE B HATHI O unitary PEARFEL T LD,

________________________________________________________________________________________

ORS00, .0, O BIHS IZEVIRDND f@). f(@)., f @) B
EHEAZEECHIUE, ZH f O17501 unitary 1751 TH 5,

LTV Z, 1DODORFOH DR FHLEIZIEHER R TH DD, Bie 2120 1B I X(—#
(O)AWZEAZ LZR2WOT, HRY SN0 TIEZRY, EFRofITiE, CHy? C JRFD4250
BUE(2s, 2p,, 2py, 2p)IFIERE LK TH 5725, 21 b O CIRTFOFFHE & HIFFD1s #i
ETIRMNLTHLNERZ L TELT, EARVESB0TIEARW, L, IR SRR
MO EHEREEREZED Z EIXFICAIRETH 0D, FERREEZ B L TESZIE
LB AZFEE ) & 8T LW IESE A L RIC AT, £ OLEHATINIE IZ unitary {THIC72 5,
F7-, SFEUEOEELREMY, 8ODEENIEREARTH S & [ARFIZ, Hamiltonian O [
AEE VX2 b OEFEEE VI A TH D,

KO L Tih 7=k 92, AEHEOAKRIZBWT, b & DEHREARD uncoupled
representation( F] £ 3% Bl ) A% unitary 2 HLIZ LD EHEARZRE A BEE TH S coupled
representation( SR B ~EH S b 08, XA BRI UIZ/Z > T\ 5, (BEGIIICEBLT 5
E)RIHIRBLCER S N5 BEUTEE OBV ERBLOBEE DM AG O (T2 LA LE) TR ST
WDLNHROEAREETIEAR LS, BRNRBUCE T 2EEITIROEAREETHL, LT,
JRFEE 7 ARREL, T ELEZBEIRBLE LD 2 LT B,

U 3CHR12, p. 84, BB, FEBIXTERS 2 S 1,

2 RSB D L0 ) B TIEAR Y, RPN R R DAEICH DA DR FIEIZGIOR TH 5 5 5) R+
THEARZ L TR,

3RERBBIIIRMNI TH D DER LTV D LIRS 220 xy SFERNDO~X2Z h(1,0) & (1,1)),

AL 72 FEERED D EBIEAS IR & 1E 5 7tk %, # AU ClE Gram—Schmidt D EAAE@® 5, HIZ
Schmidt D EAALIE) & FE5,
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¢)t2x ¢t2y (ptZZ
b b b
: A
a a
TN : \
Py !
-— - e
--( ¢ ,J ——————————— ---( ¢ Lo\ (e
+
¢g]
b
a
2s N

[¥2. CH, OfEEMESy il

H(103) ~ (106)D 5 HASDFEINE (0, . ¢, - 0], oy, ) PR EB2ART, Fh i
BONTE gy OEILF—=BELEL, of @) . o BFELEFF—E b OGHEME)
Thd, EEHHIEOLEIE, TAENDOKTO H FFOBZKIA(H « B)SEiT L
[

SYFEIEIC S L SV THEER A FOMEEEZDORMLNEVbRD 2 LEBZ
(Z DG CHy TH D), CHYUIFEM 244K D C-H AN H DD, 5 FHE TIE a
DISOHHE L LB T 23 5DHHEA SR> TH Y, 45OEARBENR 2N DT,
LFRHEADA A=V LE) ERIASNDZERZ, LoL, KO X ITHDIIT4> D%
Mi7efEATHDZ LIIRGICHETE D,

Sy THE ) IV TR0 H T & C 02 BUlOMAIERIER L ToH 575, H
FF DT 0 0 C FF02s Bl & OMLIERE EH-2) TRT, 3205 Fhillg] .
%,w;%h%ﬁﬁﬁwf,HE%@mﬂﬁecﬁ%@pmﬁ@ﬁu@ﬁ%wﬁémﬁ
HFBmb, 1505 FHENTO H BT ESE Y OMEIEM%Z EH-2p) THTE, ST
BUE3E S TIEED HIRFIZDOWTH3EMH-2p) &8 D, Lo T, 4000 FHERKT
OHAMERIZED HIFTFIZOWTH E(H-28)+3EH-2p) £ 720, 420 HIFT- L C T
FORAEREIER) S L, “SliZdko C-H A7 75, C-H MOMBEIEMANS LV
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{ } +3.90 eV
(ty) - -
2 ¢[2x’¢t2y ’(ﬂtzz
—}
— e
2p,.2py.2p,
a
(ap) - ty
——— Pa, ----}
2s —_——
lthx’thzy ’thZZ {_._
a ¢
1sx 4
t2 lHa]
(==
—_———
—_———
+ +
¢t2x’¢t2y P,
a
—e———18.79 eV
+
Pa,
CJRF CHy H R x4

B3. CH, D4 FHLETERIR CCEk21 % 5B 1B/
(Calculated at the B3LYP/cc-pvdz level using Jaguar,
version 7.8: https://www.schrodinger.com)

DFHUENAOH D ZEEMFFLTCLE DD, T ODOEMN 725 HE (a 6HFR) + 32 O %Al 72
ST HEGRTFR) ) 2L 74RO C-HFEE” BERSNLTWEDTHD,

312 CHyD &EFALFEREICS & O o FHIETE R OB 2R3 (EE - feshiX) % 2
=TI,

§5 CH, DB R ENE(HB) DB &£

A T - 7o CHyO 4 LB DYE, 4250 H 12608 T, S Ty COXFRELE
ZVEV, H B ORPRHE & HPERERRB S —% T 2 C R FOfudalArabtTof
WUEZRE LT, SWHZ 5L, 420 H R (s #uB)% C RO R E)IcabE s
Fhi ztEwiz, —77, CHyOERMINEZHEET DI21E, Lo CIRFD4>DHIE2s, 2p,,
2py, 2p) ZAUAG R T, 420 H T Oz < FMim4>OPBEZELMLERH D, L
oo T, IRMHLERSEO TR XX, o 7HuEMEE LI W& OF/iE VWi 5D,

BELTLWAODRMNES £, &y, oy g TRT L&,

' S4AONEBEEFIHAT 20T, 8405 HiteZ L2 B8 LET, 7%, HB X Hybrid Orbital DRSFR T 5 (HO 1%
Harmonic Oscillator DB§FR & L THWHNDHANRH LD THB 21 5), £7=, sp? IBAHLE ORIz >\ T
At ER212 8T,
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Ca =b1os +b12¢2px +b13¢2py +b14¢2pz (109)

S =baithas +bday +b23bap  +boadp. (110)
Ce =b31¢2s+b32¢2px +b33¢2py +b34¢2pz (111)
Ca =baitss +bppbry +bazbry +basdp (112)

ThHY, THEfTHTERT L,
by by b3 by
(s Cos Ces €)= (g by - bp - Pap) Zi Zﬁ Zj Zj (113)
byy byy byz Dyy

EET D, HUOEHATY %2 B TERT &,
(éa,e“b,e“c,§d>=<¢25,¢zp,¢zpy,¢zpz)[ B J (114)
L%, RHOFDIZHE N HTHI B OWATHI B =C %0ty Tidx A2 5 &,
(@s,@px,@py,@pz>=<§a,§b,§c,§d)[ C j (115)

NEOLND, REIEZELE T D2 CIIMTHI B 2552 L EEMiTHLN, WERD, 175
B IFHLNARVDT, (D LEDY K EVAEIZITH C 25T, ZOHTH(C =B)ThH 5
1THIB % FIZAND &) FIETED S,

BEHGES,, &b, &y SGQIFENZEN H ETO1s $LUEOHFHIZH H>BLETH 2006, K
A15)%, 4>D H JRFOM X% C JRFO4->DOHBEDM X ICLEHmT 2R TH S, L7k
T, THITD THUEDREE CTITo T EHTH Y, §4D(89) ~ ITFEYU T H(C JRT D4
DOWIE (2, 2py, 2Py, 2p, ) 1HAHE Ty DBERIZRBLa)(25) 5 L UMty (2py, 2y, 2p, ) (EXTIET 2 70
5((95) & (96)), H(115)1X8§4D(89) ~ O)ITHI LT D), H(89) ~ (92) %174 THKY
&,

V2 12 12 12
/2 -1/2 -1/2 12

(XHa,» Moy, X, XHG,) = P4, > Py > P> Py V2 -2 Y2 12 (116)
/2 12 -2 -2
L5, oLy,
(XHa,» XHty, > XHity ,» Xy, ) = (Boss bop > Pap > Pap ) (117)

BLO
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(b1, - b1, - 91, Bu1,) = G G Ger ) (118)

CEIMZONDND,

2 Y2 Y2 12
2 -12 12 1)2
12 -1/2 12 -1/2
/2 Y2 -12 -1/2

(¢Zs’¢2px’¢Zp),’¢2pz):(§a’§b’§c’§d) (119)

155, RA1YFLOERHITINE € TH Y, unitary 775 TH L0005, TOMITHITERIL
THREATHI THHATH] C IFEENT X THELETH LD, WITHIZGELIITEET 5720
TEV), L72oT,

12 12 12 12
12 -1/2 -12 12
/2 -12 12 -1/2
/2 12 -1/2 -1/2

B=C'= (120)

DESND, (12002119 DHEN ST TiHx AR 5 &,

/2 12 12 12
B 2 -12 -2 1)2 .
(é/a’é/b’él(:’éld)_(%g’%px,%p}9¢2pz) 1/2 _1/2 1/2 _1/2 ( )

12 12 -1/2 -1/2

&0, 178 % RE L TR D4 DIRINE 2152

G s+ by, oy, ) (12)
G =5 s =y, ~p, + ) (123)
Com g+, ) (124)
Cams s+ by, =y, ~thp) (125)

A(122) ~ (125)1%, §3THDOT F A F D BAEH L7 (69) ~ T)IZHE L, & ~ g DENER
1OD HJRT EfEAEIED DT, C-HfEADOHEZIED &,

1
Wa =116 + 120, :C115(¢2s +ap, thap, Thp )t Cndy, (126)

U BN FEEL D unitary {THNXEAATHN & FEIEN D,
2 Lk, EEICHLCT=C THEND, C'=C ThDHEBIHH),
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1

Wb =C218b + 0, =21 5(¢2s ~ ¢, ~ P, thrp )+ 0, (127)
1

Ve =C316e + 320, =315 (o = Pap, +op, —ap )+ 320, (128)

1
W4 =C4164d + Cand =C41§(¢2s + @, ~ P, ~ap.) T a2, (129)

Lieh, EEIEEAEOTFF A NI H B (s §58) & OfES 2 Z BT, splRmiiliEo
X LTH122) ~ (125Z R LTWAHMH BT EDFREAEEBE L TWVDDIETRS DA, AE
TlX, o uE L O EIT O 72, HETF THE LRRNE 2 #5755, )

28 )y ~ cup IXEIETIRETE D, BARN 2 BUEIATINER OFHIIKFT 503, 22
THY T, RMEEE §; & HIFTHUE(1s BUl) gy O 5E2FL<BE,

cn = cin =% (A PEBL (130)
BILO
Ci1=—Cp2 =% (B A PHERIE ) (131)
LB L, ROSODEKIENELNS,
1 1
Va = e o, ) o, (132)
;1 1
Vi =5 s, ) E o, (133)
+ 1 1
Ve _ﬁ(@s _@px +¢2py _%pz)iﬁﬁ{c (134)
s 1 1
v =5 s T, ) E (135)

5O IR EMEINE, —IIGEAEMEETH 5, A132) ~ 135 %174 TERT &,

(W;al//g_9y/:’l//;al//;’l//g,l//(j_,l)yd_) :(¢Zsa¢2px9¢2pya¢2pz’¢[—la’¢ﬂba¢l—lca¢l—ld)( UHB ) (136)

L2V, FUOEHITI U (X TRROFICR D,
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/242 1242 1242 1/242 1242 122 122 1/242
/22 -1/22 —=1/242 1/242 1/22 <122 <1242 1/242
Y242 -1/242  1/242 —1/242 1242 -1/22 122 -1/242
Uiy = /242 1242 —1/242 —1/22 1/22 1/242 -1/2\ 2 -1/242 137
1/\2 0 0 0 -1/\2 o0 0 0
0 1/\2 0 0 0o -1/\2 0 0
0 0 1/\2 0 ~1/\2 0
0 0 0 1/\2 0 0 0 -1/\2

71U g 12 unitary 479 D4k %72 L CUN B (BB 1), §4 T~ X512, CEFOETHL
(25, 2Dy, 2Dy, 2p,) & H R T 1s BUH (hy , duy, » hur_» dua, ) 1ETAHRST T % 2872 0 Y
BHTERTDERL TRV, LaL, ERERLL T LERT L, ZAT5
unitary 1752725, 723, TRACHUE O EERFHIL, 8OOWENEMEAREZZR L TWD
73, Hamiltonian O E AR CTlZoWVW W H S TH B,

A (132) ~ (135)D 5 BADDREEIRIIE (v vy, v vq) ENZ b OBEATH D, [k
AMEHIEICOWTIE, 42D KFEOAEKIZ(A —» ByThiZluv,

§6 EFEE, HFHE ERTELKRTROIKE

WEWE, REOBETH IR FELE, o riuE, IREELEOBROZRN)E R T
9. §4THTHLE & JFE-FHuE O BFR(E(107))
(¢;a¢t+2x’¢7:;ya¢t+zz’(P;l’gpt_h’wt_zy’gpt_h):(¢Zs’¢2px’¢2py’¢2pz’¢Ha’¢Hb’¢Hc’¢Hd)( Unmo J (138)
L OGS TIRAEIE & -1 #liE O B (E(136))

(t/fi,t//g,WI,WJ,V/;,V/E,WE,WJ)=(¢25,¢sz,¢213},,¢sz,¢Ha,¢Hb,¢HC,¢Hd)( Uns j (139)

B4. CH, DIRA#EE
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iR, TNETICHLIRARZLH1T, 4 FHEIL Hamiltonian OFEA S TH 528, IR
EIEEAREETCIERY, EAEETRITIVUEEAGEER =R LX) 2 be2nnn, Y
BEIELSRIATEI 2L 2oTW0E0E LRV, ZIUXERNZRHWE TLOZR DG,
EALIC LV #EwmZ TTRERD D),

> SFIELRFIENRT RO KBBEHEYESE
B A BT Pauli JFEE(FE - (Fermi KL )0 1%t DAL L D R 2RO 38 B S D SO R
)y EleS R TniEeornnn, ZORBITGERRB O 252 (12 & 21X
qoglqotz qot (pt )TIE72 < Slater THIRTRTMENH D3, BIELG L LTS CHy O C-H
fEAIC iSO@%:é(zs 2p,» 2pys 20, Hy, Hy, He, HY T O8EF 235 L TR0, LK %ﬁa%
GEERIE) TIE Z N OSEDOE 24 >OFEA LB ICELE L T\ 5, L7 -> T, FEEEIZ
FNEE SN D40 DFEATES %@LE((/) got ,(at _,qot )@ﬂ*?ﬁ&t%ﬁmsm%ﬁi%ﬂjﬁ&

(co;,(pjzx,co;y,q)jzz)=(¢ZS,¢2px,¢zp},,¢2pz,¢Ha,¢Hb,¢Hc,¢Hd)( Unio J (140)

L7720, EEATH Upo 1R TH 2 5405 (R(108) DA 255 D 8x 4 4y % P & HIR X L),

1/\2 0 0 0
0 1/\2 0 0
0 0 1/\2 0
Upio = ! ’ 0 V2 (141)
/22 1/242 122 1242
/242 -1/22 -1/242  1/242
/242 -1/242  1/242 -1/242
/242 1242 -1/242 -1/242
8x4
1ODHBEE2ETF N EAT LR, 2AOB T DA ANIENENa L B THDHID, ZE[HE
BEORE L TofuE 7L“C7f£<}<l:/?6%}%bf: [ A B #)l38 | (spinorbital*) Z F U CRE
W DN D, A BT, ZERIBAR OB & A L PERE O BB 7 DR TR
Sh, HEIE, HTHE e Ca AL ELOBETINRE LTV AHEO AL L HE

s (xl) (S

EHDPFERRUTHO LR T,

2 ZiV% Hartree i & FE5S,

Slater 1TFIFULEF DAZHUTBIF 5 SOSFRETZT TR <, T RTOEFBERTE RV Z & b 72 7 (Hartree fif

FETFEERTED DL LTHR D O TR, 72721, Fermi KL DZHL 1 DFLIRIC Slater 17504 1£ 5

T LI TIE RS, FRE AT LA, Slater ITAIRUIAE T IHAEEFRFock )IT I VA DA, AHi

DiamlZiE Slater {THIANENTH %,

* DAAMIE spin orbital & A~— 2% AFLTENILTWZA, HITIXI-DDOHFEE LT spinorbital EFE S5 2 &A%
Uy,

S ZEREAR 2 R L T D WIE ¢, (r) & ZER0E & RS,

w
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s (X1) = @5 (n)a(oy) (142)

LEFD, 22T, o IETIORACCHEEE, 3B FIOZEEE, o B FIOAY
‘/r“ff“ff%é(ﬁ(mz)%7725(1)—%(1)05(1)J:lﬂ%na#z) ENZ, AELIILERGLEZERAT
D) MUBEOR LR LT WL DI, ZERPUE & A U EBEHRT AR ERA L,
A(140)Z A U HuEZ W TEEET &,

+ + + + + + + +
(@, 2 ¢, B ¢, @ ¢ P P, % wtzyﬁ, Py, % P, B) (143)-1
=(¢zs,¢sz,¢zpy,¢zpz,¢ﬂa,¢Hb,¢Hc,¢Hd)( Upnio J (143)-2

LD, EHTFIUSS I

alN2 pIN2 0 0 0 0 0 0
0 0 a/N2 B2 0 0 0
0 0 0 0 a/N2 p/N2 0 0
gra _| O 0 0 0 0 0 a2 p/N2 (144)
YOla/nz Bz e/ Bl ez Bz o/ plan?
a/2N2 B/2N2 a2 -B/2N2 -a/2N2 /N2 af22 p/2v2
a/2N2 B/2N2 —a/N2 -B/2N2 a/N2 B2 -a/N2 -B/2\2
a/N2 B2 afN2 Bl2N2 —afN2 -p[2V2 —af22 -p/22
Thd, AEVEEBIZONTIE
(a| By=(Bla)=054p (145)

“Céb%.’)zl))% Unio 1% umtary TT@UDK@%E{?E&L“C%Z)(EE ! )
zt)fd% 5 2 8OMDA t"‘/%_ Z8{EH DO E T AL Lf_({a@)b:ﬁ%?%a“ Slater 1781201%

U Upo XFEAYE « BOBAPEZEMIIE OEBATH], U (TAEAPEZEEIE OBBATY], Unh IFEAMEA B #liE
DEBATHITH D,
2 1o® Slater 17412 & WD L9 Z LiE, Hartree—Fock LV T 9 Z & &2 EWT 5,
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o,a) o PO gl a) ¢ O ¢ a) ¢ O o a) ¢ FO
0,22 9, P2 ¢ a2 ¢ Q) ¢ a@) ¢ Q) ¢ a@) ¢ BO)
0,23 9, B3 ¢ a®) ¢ fO) ¢ a®) o PO ¢ a® ¢ pO)
S 0, 0@ 9 P ¢ ad) ¢ pA) ¢ a@) o B&) ¢ a@ o B i
0,0 ¢ BO) o a5 ¢ PO o aS) o PO o a5 ¢ SO)
0,26 ¢, BO) ¢ a6) ¢ p6) ¢ a®) ¢ p6) ¢ a®) ¢ p6)

+ + + + + + + +
2,2 0, B o a(D) ¢ B(T) o, @) ¢t2yﬂ(7) ¢y, (D op BT

+ + + + + + + +
opa® o ®) o a® o PO) o a® ¢ pO) ¢ a®) ¢ fE®)

T 2 FHALER/VBUTEMET 2, (14606 W DITH % pyo TEL,
Ono = det(Pyio) (147)
EEL, R4 OEATICRA)ZEH T 5 &, Rl TR L2 RO H RS (Slater 1751
)72 B4y FHlIE TR L7z R OB RIS (Slater 1T5IH) ~DZEHA L LT
Ovio =det(@vo) (148)-1
b dp ) by O hp D Gy D g, D Gy D g, D)
62 b D) by D b D) W D P, D) D P, ()
63 b B by 3 b D W, ) d, B M ) g,
bs@) b D) by D) by D gu D du D gy (D) gy, D) .
05 by O by ) by O B0 ) S du, | UM ||
$5(6) b (6) by (©) o (6) $y, () ¢, (6) P (6) ¢, (6)
b by (D by D by D a1 da, D u (D da, D |~ 85
$:®) b ®) bap B bp B I, ®) du ®) Iy ®) ¢, ®)

8x8

=det

NEBILD, R(148)- 2D LU DT EGED D 72 5 8x81THI % dho THT &, HA(148)I1%
Opo =det(@yo) =det(gaoUnio) (149)

EEIT DL, FE7z, JTHLED Slater T8I TER LIROBEIBIE A o g TEL,

U TR ITHIBROERTIERL, HODICENRNEWVWIBRTH D, F-, BEICIE, BB ERIIAFER
FaREDd B Thd, LinL, WEHEICEHET 5 OoOmo D HERE RITAME Tk E L2V D T,
1/\8! & LTy,

R0k, VUTNRRFLIIRD E LIS ),
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@AO = det(¢AO ) ( 150)

LT 5(Opo &AREID, Do 2OV T HHKALER /BB T 2), 1THIORDITFHIIT
1P TH 20D, X149 & X 1500k 0,

Ovo = det(ghoUnin) = det(gh o) detURih) = Pao - detUnity) (151)

%’?%50

4D DFEEHES FIEIC 8 OB 2 B L7k 8% R WBBAGAS) B E 0T,
(=0 FIREOET DIFAERREIE(OE D, 5 FROBHIIED| Oyo P=GRioBro %
R L TR 92,

|Ovio P=[@a0 detUy)* @pp det(ULD) (152)-1
= DroPao -[detUyH)]" detUrd) (152)-2
=| Dpo | detUr) [P (152)-3
=|Dpo P ¢ |det@iZ) | =1) (152)-4
L72235 7T,
|6pi0 P= @ao [P (153)

NELND, RUS)IE, R(E=DHED FHE Catalk L TR FiuE Ttk L ThE oD
B AR L TH D3N (B REHFERZRL WD, L ELRTFICEL TV
JRFHLEITRATRRBUETH Y, & THIFEHERLT TREROEFIREEZ R T L O IR
T, DT REIER > TV LS FHUED T REAECETREZ ELSEL TS LY ICEX
D0, FWNTOEF OFEMEREEEMOMIL, RAPUEOEETH, JRFHLE 2P
AL THETHRL TH HE(153), B2 THIUE, 0 FWICEET D 5EBM AL
MR ZNEFLRT D HIEICL > TEDLDIT TR, EHELEETREAT LR (Vi
25 &, FHEIZ unitary Z5#2 CTA R S 25 (ERRAE o) 1FH B 22 R lE B3RO EREDE
TiahiE 525D Thbd, AFEEZIL, 5 TNICEET 2 B 040 2 FEL3 2 #uE B
FETEERICAAEL © 200068, Bl ER M2 C & 2H0ERBHE Z K Lz &
LTh, TORBENERE L COBMBERETHD0E I NXGEEZH)YD B RV (L7 ->

I det(AB) =det(A)det(B) Tdh 5,

2 BEOWEDOBERSN TIEARL, HTREOEMHIMTH D 2 LTS, BHOME VI WEREE LTL, F
HElZiT e|Oyo P Th D5 e IFBRFKR), ¢ 1TEWT 5. WEIEEKOD MBI % 2B L FUE, Oy [F DAL
Em> ThHEND, e|Oyo P DHALECm™ WAL HT- Y OB Th D, 2B, |Ogo |* 1ZIEFEIC L 254y
| TIEHRVOTHEEOREKTH 2,

3 ZOFERIE, 12 Slater 1780 TE SN DD F TILEILH Y Sto, L7275 T, Hartree—Fock IT{El O il
TH Y SO,

EFMAOBIETHY, RS2 LEREAERDY 7,

SOTEAET D) & TBIITTRER ) IS HATH L,

6 B> unitary ZE41 X 0 (B FTRERLIER U2 20BN B2 5 45 FHUE NS B LD 2 L 28R4TSR T,
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T, HUEOEEZBIHTHZ LixTER),

H(152)-41ZFL L 72 |detUrin) | = 1 20 B 1%, WIS, detUyg) =+1 Tik7e<,
det(Ug,) =e'? (154)
NELNLOT, R15D)IE
Ono = Ppoe”’ (155)

EEFDH, —HA, D TEHGEIC L SROFM &R FHGEIC L AFER N RS XD T‘a‘bé ﬁi el 1%
WM OAMAIR FTH Y, ROMEEOBLAIFRE F (B E) TR B B O AR 71T B s h
RODT, Oy & Dpp VLR LB EEIGHE 525,

ZEFETIC, THROMEEZLUTICELD D,

det(E) =1 (156)
det(AB) = det(A)det(B) (157)
det(A™") =[det(A)]! (158)
det('A) = det(A) (159)
det(A*) =[det(A)]" (160)
det(A") =[det(A)]" (161)

72%, EVZHACITH, ‘A BT, AT ITEHLEITH, AT IX Hermite 121751 TH 5,

WIZ, RED)EEROT RN X —ZONTE X THALIFEERITIZE THETEZ 205000
TBIZ9), RO /X —{X Hamiltonian ODEFHETH L0005, XASHEHWT
(Opo | H | Oy ZFHET LT LW,

(Omo | H | Byo) ={@ro det(U )|H | @ro det(U 0)) (162)-1
=(@po | H | Ppo)- [det(U )] det(U 0) (162)-2
—<(DAO |H|(DAO)|det(U )l (162)-3
—(Dpo [H|Ppo) (] detWi)|=1) (162)-4
v,
(Bymo | H | Opo) =(Pao | H | Pao) (163)

NELND, X)L, FEDHESFUECTRERL CHRFHuE TR L THLELND
FOTXNLNFXT—FFRLTHLLENHIFEREEZELTRBY, RASYMNLFHTE W= LTz
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(F72, unitary BEERNHEEZRGTT DO THRE TN ), RNV, BIREHERTH S,

5y f-#0iEIX Hamiltonian OFEGMHEE B, 72& 21, HEF AT MLV 200HE
(BEAHED o LIEMFED o ¢ ,g)@Tf@%gfgéomM®®f%f¢5Mﬁf
b5, BET IR —REET S0E, HTREON L EIET S EELRETHHR, 5
FIE ZALA L D BRI U 72 - B0E O2p,, 2p, BLUEIT3R LK TE T 7201 Legendre [
2% unitary B L THZHLDOTH LD, ZORFRTEREOF D1 OZEIR L7
T ERN (D DV, 2s FHER2p, #UE SO T unitary ZHL TH LV, L7Ed->T, 7
FHLE DT RNV X —TEETH L2 HEDITGEIC D)o B2 LB T 720y,

> EREE L RFRIENRT ROKBEHEYEE
WA, JRERELE & B E O OEBIZONTE X L 52 FIEMICIEY TiuE o854 &
FALUTHY, HEMEIEICOWTAEY VHLUEZIEY, ROMEEEIE % Slater 175 THK L,
AN TOBEMIMRLRDTINAFX —52HET L LV ML TH D, 7 FiuE & Rk, &S
MELEE )V 2B FYENEATHDT, AV UHEZS SR T HSLENH D, 8OD AL
il & R ELE O o BRI

=<¢zs’¢sz’¢zpy’¢zpz’¢Ha,¢Hb,¢Hc,¢Hd)( Urig ] (164)-2

Th b, BRITHULG X Ugg ((137) DL H55 D 8x 4 {THIGit A PEIR ALHE L2 eIz A B
ak pzwihn 7‘7‘&6@(3@ v, WADOBIZ72 5,

a/N2 B2 /N2 B2 /22 B/N2 af22 p/A2
a/2N2 B/N2 —afN2 -B/22 -af2\2 -p/n2 a/N2 B/22
a/N2 /22 —a/N2 -B/N2 af2\2 Bl2N2 —a/2d2 -p/2\2
pio | @/N2 B2l B2 —a/n2 gl —af22 -p/2
HB =

a/\2 B2 0 0 0 0 0 0
0 0 a/N2 p/N2 0 0 0 0
0 0 0 0 a/N2 p/N2 0 0
0 0 0 0 0 0 a2 p/N2

B ULR 1 unitary 1781 Ch 5 (EE 1), EEMHERBILED A U HLUENE LMD T, RO
E@%@E% TR % I BRI KK (Slater ﬁBﬂJ_E)’H’Eé LREDE B D R EE/VR T
T5),

(165)

RAENE CH A A AT R F =02 0B S 11D 2 & T3 T & 2(1F8R35 ),
%%ﬂﬁ&ﬁ%ﬁﬁhiﬁ@%@%ﬁ)%, FTTICHRN TR TETVD2 S LiLu,
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paa) ya ) woa) wyBA) yla) i) wial)
vaa2 vy B2 wraR) v BQR) yia@) wiBQR) wia)
vaaB) v, BB wra® vy BB wiaB) wlBB) wia®d)
Vaa@) y &) wpad) wy @A) yia@d yipH) wia)
vaad) yaBB) weaS) wyBG) yialB) wipB) yiald)
waa(6) w, B6) wpa©) wyB6) yia) wip6) yia®)
vaa() o ) wea() we BT wia) yip) wial)
vaa® v BB wpa® wiB® wla® wlpE® yia®)

R(166)4 L D75 % yyg TH L,

WHB =det

Yy =det(wyp)

va A1)
v pQ2)
VR
vi B4
wd B5)
v B(6)
wa B(7)
w4 B8)

(166)

(167)

EEL, KA66)DEITIZRN6HZEAT D &, JRFHLE THEK LIZROEEIEI LD & IR AL

B THE LIROBE BRI A~ DL HA

Yyp = det(ypp) = det(doULR) = det(dyo ) det(URR) = Pag - detUR)

DELND, dholTX148) 20D 8xBITHITH Y, det(dho) (TR FHLEIZ L U ZDIRRE

%7 Slater 1751((150) TH 5.,

(168)

A DFES MR EE 28 DO E 2 Bl E L 7R iE 2 9 i Eh B4 (X168) 13 5 B 7= D T,
BEEEEICL LS R(=F)ERDOBE A DFEEMWRREE (LN OB A

HO| Vg P=Vip¥up ZAtE L L9,
|P4g = (@ a0 detUs)] @ a0 det(Us3)
_ +0 \7* +o
= (DAO@AO . [det(UHB )] det(UHB )
=| Do [P detUfi) [P
=|Dao I ¢ det i) |=1)
L7=23- T,

2 2
| 1B |"=| Pao |

NELN, RAB)EEDLES L,

2 2 2
|Ovo "= "= Pao |

VB O%E L3R CRE T,
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(169)-1

(169)-2

(169)-3

(169)-4

(170)

(171)



L%, (PAEBEY TEHLMERPETH ) FHPUETSH, EHIZZRHDL LIZR SR
THIETYH, ROBEMMOAAIEE CIZ22 50, unitary DS ROEMOMEEZHZ L7l
g% “BE” LTWbH I ENbnD,

BBICIRBIEICS LS ROTRAF—ICOVWTHEELTEBZ Y, ZE&EKOT XL
¥ —|% Hamiltonian DHIFHETH 2005, 168)% HWT(Pyp | H |¥up) Z71HH T 5,

(Vg | H | W) =(@ro detUR) | H | @5 det(UfR)) (172)-1
=(Dpp | H| Dpp) - [det U] det(U3) (172)-2
=(DPpo |H | (DAO>|det(U§g) |2 (172)-3
=(Dpo |H|Ppo)  C|dety3)|=1) (172)-4
£,
(Pup | H |Pyup) =(Pao | H | Ppo) (173)

L7, Kae3) L E5hET

(Ono | H | Opo) =(Fup | H | 1B) =(Pao | H | Pao) (174)

DELND, RAIZHONWTHERZLH L, B TDREL, JFH{HLEAO), (BEK#LEMHB),

S THGEMO)D Ea HWTHIWT Y, BHIFRERE(OE Y, YER) 2B CRE8) X F Ui
2%,

4y F-#0E 1L FE L #LIE (delocalized orbital) Td V!, (LFEFEEOFNAZIC<WE LT,
4y FELE % unitary ZBH L T, [LFEREEDA A —=JITIHEWEEEED FIERBEE SN TN S,
ZOEICLTHELNHHLEL [JHTEILr T #E ] (localized molecular orbital) & FE5, FFIZ,
WA EENRRIZR D LBl SN - 8uElL TERRSG#E] (natural bond orbital) & FEIE
A, 2RTRNL2BOETVNHFAET D, Wb D Lewis FEIZITVWELE ~DOZEH7 E IR &
NTW5bH, LL, Lewis MIEICHEWHLUEN S OGN E L TH, TOREE [Lewis HED
ELESMRFEH SN ERBATIOIFELL 2V, o Fiul & Rk, BRELED RS
HIE S (B ET, MIRSCHHOMEIE LTOET L Th- OFEETLHRAEL TWS DI
TEHRWND, BUEORZBMT D Z LIXTE R,

53 FHE TE L2 RO Opp & IRAIHNE T L7 BB Wy DBIRZ ATk 2
Yo Opo I ERASHTERE DA, K(154)D X H 12 det(Uyfg) AR % FvCRT L

DFE DI EREENEL 705D Z L%, EMEMRN 5, Hartree—Fock (EDFRBICH ALY RN LB CTX 5,
B RHE % & T Hamiltonian [0V T, 5RO T 3L —HIFHEOMVIME 2 5 2 5 (HURS LA BTE OFL % HE L 7=

HRNSTFEETHY, FOTFAX—ZEKTHOIC, BFNAWVICEWEREECET 0T, T2k

VZIRA D FEJRAEALHIELC 72 D 6

BMLELTHRATEL &, HTREOEMSA(OR), 2FED, HTREOEEBEIKORE =025 ITBLHIT

T 50, WEBE AR L CTW DEUE OTFIZBLI T 720,

[N
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OMo = Do - det(Uyid) = Pape'? (175)
L, Yug bIREEICR(168)0 detf3) Z M FE T % AV T,
g = Dao - detUs3) = Dpoe'® (176)

LD, K175 ERU76)D /LD EAHNDIN A DIt E & Tz

—iMO =l (177)
HB
&0

Ovo=Ppe ¥ (178)

NELND, X175 ERA)EFLEDTERT L,

Ovin=¥pe 0 =@, oe'? (179)
MO HB AO

278 %, R(TIEAFHGE, BAEUE, TS TR L ROME BB AR 73
BIpoTND 2L ZR LTV D, WHBEONARILBU T AE R ELE) ISR BE 5 2 720
5, WINORBEEH R CYREEHIART IR e G2 5. KA179FRAT)
RRATYBHY STORIE 52 TS,

> FEFEE - 2 FEE - BRELEDORER
R, SHEOHEMAEORFRZ R TH I 9, il (107)

(¢;—1’q)t-;x’qot-;y’¢)t-;z,¢a_]’¢t_2x’¢)t_2y’¢t_21):(¢ZS’¢2px’¢2py,¢2‘pz’¢Ha’¢Hb’¢HC’¢Hd)( UMO J (180)

TRINDD, vz

Prmo=#10Umo (181)
ERT O FHERTLO Slater 175K Oy DIEFTITINL @y TH LIZ3(G(147)), 2 F#iE
DIXBITHNATT MWL @ TRT . RFHLE S [FER), F7o, EAHLEITR(136)

(‘//;’V/g’l//:’l//:ir"//;"/’l;’Wc_’l//a):(¢Zs’¢2px’¢2py’¢2pz’¢Ha’¢Hb’¢Hc’¢Hd)( U j (182)

ThoHN, Iz

Vho=%20UHB (183)
TR, N ofHEbid

10 =¥ Upp) ™" (184)
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0

Unmo Uuyg
- -1
Unmo)' Wyp)
-1
(Uns-Mm0) .
Pmo < ~ Yhb
Uug-mo

45, JRFHUE - B0l - RAE0E O BEER

Z2AA8DHIZRAL T,

1
Pmo=¥h Uns) Unmo (185)

2155,
Unitary 1751 U ® #1750 iz > ¢,

v hH=whHhf=v=w™H™! (186)

MER Y S22 5, U™ % unitary 1780 Cd 5, £72, unitary {THIOFEUU, IZOWT,

U, =uluf =v3y'or = ow,)™! (187)
MR Y NEDDT, FUWU, b unitary 1751 T %, LA->T, RK185)FHILD Uyg) Upo 13
1> unitary 1T5| TRE L5,
Upsmo = Uns) 'Umo (188)
rELT DL, R18SIE
Pmo=¥nUnB-MO (189)

EEIF S, K38, (183), (ISNHIZ XV, JFEHuE, o FiuE, FEEEE I A unitary 175
ICKVEHIND Z ERbND, KSIZIFEOHLEDOBRE XIRT 5,

§7 FL o
ARTECR b IR ML) TP OB 5 A0 (LT O P (MR A )| B 2 Uk (R (1 71)
b5,

2 2 2
|Ovo I7=PuB "= Pao | (190)
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SO RF—IZBT 5 (174)
(Owmo | H|Opmo) =(Fus | H | 1B) =(Pao | H | Pao) (191)

HEERAXTH D, AT AIDDIRIL L 72 > TV BN B (=ER A NE CEND =
KX —=FLYY), RA0)PEH SN HBREEESCKINEZRET 2 WZ 5, H(190)
%, 20O LBV, HFHIEMO), EK#EEMB), JRF#EAO)D “F%M” 2R LT
W5, T OBBIREBIZOWT, (B FREO)EMRMSMITEDOHETRIAL THLRELTHD
EWVWIHERTO [FI%] Thd, YUEDOEEEZ D L E T OHFIEMEREENEDL N, £
IV HIE TIRIEZ RBLT 2 K o> TH 1R OEM MR LD > TLE D (O TIERWN
M ERORETH L0, $EOEE)S unitary B THDHIRY, o FE2EOER DAL
1272 <, WEEOMHENEDL LN L 2XA)NRIEL TS, VIR LIZRDD?2, 4y
T RIROBR AN AERDTH- T, fHx OWIEDER /AL unitary ZEHLIZ L - THK
T 5,

FTOYMHEOTLBICEHAL TRI%EF Th-TH, MLEAHICITIRELRHEEND S,
Hamiltonian OEAEIETH Y, (BEHEEEF UEWTH D200 0N BT 5 SEEORERIFREL
R T 520G THEDHTH D, EAEMTHIPE=RNF—XEET H=RLF—Th
DEIHIFREE CH D, THICK LT, JRFHECIRALE Y Hamiltonian O [EABE% Clid7e
WrBLEAHEE 72T, ZOZFXAF IR THL@E R LT —ZER TR, 7
FHEOZ RNV FX—IEET 00, oriuEZn [FETIHE] THY, FEAuESe
RARELEY TEIELRWBOBLE] LML TLEI ZEnH D52V, HETHLXLTY,
BREOREIED DITEMEE TCHLIND, HrEERICRFIUES ) THEEZ EZIAALTYH
DFDBRBERT XL —ZH D 2N EDICEZ T LE I LEITZR WD & 22(190) &
HAIDBRL TV D),

S FEEDELE) T R VX —(XFEIET D, ZOIT unitary Z2HC K 0 EREEIL L CTHEE
PN DO THY, 3RIEME LTHTRALND NG LWV T, TOROBENEIET
% V) RFEIZ 72V, Unitary ZHIMEREAFE L, B SN2 H0E T~ THE CERHA0
H 2 D00, BRI Do BLE KNLFEIE T 5 B oA & 5 2 5 JERE O #uE D 12127
X9, MERRAE B D OWLE I LR TTEIEHICIFET 28 H § 720, Pham & Gordon(3CH#k8)
DEFEZEY UX THUEITBS %2 0T 5B OM A iR T 2720 OB FRIEE(E T /L) T
HY, TOWERDLZLIZTERY] OTHS, 7F A FOMEIZHE DI TWDHEIED s Hl
E, WO p #UE, WOED I v— O d $LER ST, @RECHT 20 E 0
EOTERED S HLD1>ThHD Z & ERMTRETH LS TF, EHEFIHEY 7y

EENLEERICEZ T2 LT,

IR LT ETTIAE).

EHOFAERROBHETT,

ZOEEN, EHNERHOREAYM CEABE TL R WRKILEZ AW TERT 22 LRTFINIERTHD,
SCHR221E p. 131C TR ANF—EREE 525 L ) 2 A VHUEIE B E S b0 TIE R, 55
EDAE VEEOMIZH L TR ZENEREZ 52D Z LIXTERY, e 21E, RERAECHuEIRIER
LA EVEBEICHERT LY “DEF” Lo b Tlidkevn) Lilk=Tna,

O HIRBBRORFEBRART pHLUEOKZHT ] L WO RENEEENZ L, THEOFITER T X 7200 THiT

(S N T
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TIITREEAICHER L, =3 X — ORI T, DI 7RG FHEOKE THAL
T NDBHERIZARR -T2, L, ZRHOELERS, ROYPLE(EMN AT RLF—)%
FET D EREOPIEFED 1O T E 220V LB S TR0,

§3THAI LI IRARHEIE 12 53 2 bl gt LWE RO % <X, BEA B CIE A WIREELE S,
B A BT Dy FELEIC LR E RN & BEMEICB W T “BA” 12H D & ) FIRZ R
LTWER, RETRLIELIIE, D TOEMSMEZRAX— b0 FiuE L ERRRYE
LZDTHDLNG, REEEIZY FILEICH LT “GIFE” 2& 05 2 e, EAMEEK TR
WZ EETIEROODHET RNV —|ZONWTIZTHZ DS D D) DDET IV E L THER
RHUETH D, LT -T, EFITURTE LISOHLHII REY Th 5 L fllri 21, b
Z b, FEE, SFiuE, RREEIE, DTMICARRA 72T RN R SR EEGEEIRE) &
B2 5E®RTE179), “Zo17 OL5REMRICH Y, ROREEFTRT HEE/IZEIT
VY,

THLE OB TE 22 2 L 0E, Diels—Alder &2 7 v 7 4 7 fiE B G <0
Woodward—Hoffman HJIC X > T F<HHINDIEEZLEFELTWL LKL LN LI
20, DFD, HETHRALEENHHATE 207200, JUBIIFET HIETE] &
IERIER)TH D, LinL, FEIET HEMOAMZ R LG unitary 258 CTHEFREEL S
NG, TFXFAMIABBHEOWTZHUEREE L TWAENE I DT b bR, EET
X, BuECH FLHHATEL Z L LHENEET 0089 MEBIORBETH D &V H AT
bbb, FEx, (TFAMEINTVWDEOHEIMNEE LR TH, BLEEZH< Z &I
Lo THENHATELD PRITEZ0T5051F, VA DL AL TEDLOTHETH
52 OFD, AL IZFROBEBM M EZRTZODIOOETLTHY, KITHIWZHDOMRZHE
TELZRWD L EBRBRNE WD DI TiEews, TEEZEHTE2R0WiluE] Zi#i< olddbx
Dh E7RWVD, ENN, BEFmICH ESWTEGD T - ] EkD DA =T 4 AN &
LTOEOETHD,

HRALRIZIR S T WA NA B THLE I L DS FRIENIEFICHEITH Y, (bERIC
EOTHIENRAIRRY =L ThHDHI EIFRVEIDRWEETHD, 27EL, SEF8Fh
OB O IXRETIT 2L, 72 2MEITH PN TV TS unitary B TIED Z ENTX H M
FRAE D EREAZRIEREDIDIZT E /RN L2538 L TR LER D DY, EHIT THuED
FERBIIITE R ZEERBOL0, BUBARERE TIEARWIRAHLEFE ERE TH 9 7l
BEIEEHETHRW), 5% b, unitary 2 X7z EHREASRELE N X CRH CER0f % 5

W] BRETHE LWV LIVARWGEE « b LARBKIZR > THLEZIIME L2V,

! Truhlar(CCHk35)1%, JRARELE O A T3E L TV 5 OgilvieCCHRI8) DAY 25 L, 4% b AfEL#E R
E)WIARRREESTY — & LT, ERELGEG TELE) & & bk A@icAnv s ikiid s, &
WBARTW B,

2 e R r 7 THMIETHSEEZ ) <R L, WIECTRILENLS ) —ULEEZZE LEZOTH- T
TarT 4 THGENEET I LA LIENOZE LD TIERW, Blofl %255 &, Dirac FERIZLY
FIEL TCWDETNAERRELZ OO ERENNDLD, The AV =HIR] £EIXDHDIX1O>DNHR
FUN)ET LT LR,

S UEFRER TRt O e WBIGHIHEE Lz & &, (BRI TR OBLEDIEIZ Z 72> T d Z EBEE D
HLiLzewy,

Y ERFH L7V, BVIRLFEICXEZR L CHLRG D FHA,
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25 Z BRSO DD, Sy G RIIERTE LILE - RTE LG 2 E XA A THIG A5 52
L7=vy,
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fT8#1. BLEDOHRIIRATEL? TELRL?

Pham & Gordon!'(CHK8)I%, 19994E(Z Zuo B 2353 L 7w SC(CCHik14) “Direct Observation of
D-Orbital Holes and Cu-Cu Bonding in Cu,0” 3 XU HOMO*® LUMO*DJEZBLHI L 72 & v 9
HE8H(H B Nature 5R2(2%R), Phys. Rev. Lett. Q)& FIH L, Zh b 0w O THLUEDOK 2 #
HUL7Z) EWV) ERITFEY THD LML VDY, KETHLRLEZEDIZ, BLUED unitary
LTI SR O P B BIS O e =3 BE 1T b, R RIS BT 0 A0 o= R /L & — 7 SEH AT RE
IR RN E L RO T, RUHRGE 52 280BITEEIAE L —BICREL RN E
W®ARTWD, 51T, 3CHkSIX, Nature Chemistry 550 Perspective st F(CLHk1S)NFC L7z &
B O RVBESIC K D STM BHE AN RO BEFIREB LA LIeRAE s F 07 m s
TATHEOHEBG THL ) LW FEEXZHEL, STM BHELRHPLEDOHEEZRL TWVDHEWNH
DITFES TR TH Y, Koo OHHEORE & U TOREBEESM B L T D IcTE xR
WERR LTS, X5IZ, XEI4OHEICK LT HuEORITBIRICE 22 2 & 2 FEH
L 7= Scerri(3C#k9) & Mulder(CCHk10)DFm L2 #FI LS, [Scerri & Mulder D@ SCIFEZETH Y,
FEERCHLEEZ B CE % L TETAMAEFT ITEERS G R&ETh D) LEE LoD, [
B LI, INO2ODWRLII/ADOEETICEA SN TND ] LR TNS,

Pham & Gordon(GCRRS)IZHNIE DFENELM T & Z2WMRILZ LU FO4TEBICE L O TN D,

(i) Any property of a system is only fully represented by the total density.
FROWNRDLME GREEICE > TORFERIIKRIND)
(i) Orbitals are simply mathematical constructs used to build the (approximate) wave function and
then the density.
(BB IXCEEHEEBIEC L BE A AT 57O N O D AR 2B FRIEE TH D)
(iii) Orbitals can therefore not be associated directly with an observable molecular property.
(L7=h3 o T, BUEITBIIATREZR 90 F OMEBE I EEEE 1T 7 720))
(iv) Orbitals are nonunique, because the energy is invariant to any unitary transformation among the

(HF and KS) orbitals within a given subspace (e.g., doubly occupied space).

' M. S. Gordon |3 K[E lowa KF=OHIJEHE T, &FLFRIEY 7 M7 =7 [GAMESS(US)) OB%HE TH 5,

2 Highest Occupied Molecular Orbital (5 i #% 5 #lLiE ) O BE i,

3 Lowest Unoccupied Molecular Orbital (5 /X ZE#L1E ) D REFR,

4 ERSLAR—)D T, BLE ) “not observable(s)” Tdh 5 Z & Z4EIFE L TW D,

3 Scanning Tunneling Microscope (STM)

6 SCHR14D3EE 1T Scerri(SLHR) DAEHE 5T 2 M1 7w SLCCRR16) D T [Scerri 235 9 & 912, #LE O EIHI
T&ERV EFRULER, BUANRE REREE)D d 2 PuB DEREFN2A A —VIBEHBL TS EFELE, Th
{ZRF LT Scerri (X, SCHRI6~DREIZFRLCCHRT) T, XHRI4DFE SR@UEL B TE RN L EFEOITh
Db OIS EfE EMEBE LHEOTHOELMEELFRL LS L LT0NDH I EITBREET R LT,
R(=0F)ERDBERMEEDERTH D,

R(=0F)YEEOREI ST 2 REERDOE®RTH D,

SCHk8IE T All observable atomic and molecular properties are determined by the probability and a corresponding quantum
mechanical operator, not by the wave function itself. Wave functions, even exact wave functions, are not observables. |
R0 T OT R CTOME IR EXIET D ETNFNEATICL > TikED, HHEKAFICL > ULk E
BV, WEHEBIIERZ O ThHo THEMFREETIIRVY EBXTND, 2F0, BEFFIcLE, 8
BIFTBEE (T Hermite SEE FHA IS L, BBMEL Hermite EEFOHBMEL LTEE SIS, LWVIHIEKRTH
D,

© oo =
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(Z=RVF—1X, 12ORIZEM(Z & 21X, Z#E 5 AZEM)N T o Hartree—Fock % 72 13
Kohn—Sham)#JliE [H] DT O unitary Z#Z3F L TARETH D005, B IIMHE—E = Tl
W)

ENTYH (D rHuEOREZBIILZ] 2 L2 TETOIMENEZSBESNTWHDR, T
F A M TV B HE X0 & L F 5 TR S 23R T OBLE X FEAE TR < 12D
ETATHY, THEORITIRDLZENTERY] ZLZ2EH#T2OIXEETHL, AED
Hix TR OBR ORI Zikimd 52 & TEARWD, AEBTEHEWiER iz
unitary A L CH RO EIFIAZE ) © [HEIT-EICRES V] 1L, Pham &
Gordon(CHR8)IZ L 2 THLEOIITBLHITX 720 &) FRICIELS BET 20T, o0k
2/ LTz, Scerri 2ACHROICFE L= GBI H LS EA LTI T,

[. .. itis surely essential to be more discerning in attributing physical reality to entities that are
defined theoretically and that the theory itself informs us do not exist physically. |
(- - FEERPUICER SN, Fm B ARSPEICIIFE LW S # 2 TV D EIRIZ, WEEEl
FMa 52 5120%, KOVRWAENZ O ENRAIRTH D, )

BB, PUEOEPBHITE Ve WD fREE, BITRAG LN 528D KER T T,
FAXFREY 72 R A2 BE LR T AIVUTEM L 1TV 2T, K< AT D s, p, dHLEDTE S IE LWL
EOF TRV nG, JuEORITBRM TS 2] L) BW TR, £, BEOHIM L
NVTIHPUEZBIITERNE NS 2 & TH R, FEAEEICBITE R2nE v ) Bk
ThHD,

MEDOTIFBRITE 2V ZEZRORANEEZXTH LI, Rl k oz, THulE
DIGIFBRTE 720 TEDIRPE LTHRANBNDDIFLLTD2RTH %,

(a) ZE 1RO TEEROEMN A% 5 2 HEEREIE unitary Z2#42 X 0 BERICHFTEL, $LE
X BICRESRWVNSERITE 20,

(b) Wil & IX1IEFEENEE TH Y, Z2EFROEEREEEZ 1> Slater 17521E TRE%%
DEDOBIEEA)TRIT OIS TTHEBUTH D, BTHELZ EMICEET S & ROME
BE%01 Slater 1T OMIEHE S THR SN, FEZREWR TO1EFBEEIIFIE L2 bl
HOFITEM T X vy,

(@), (D) & bICEZEFRTOPEMSOREY] S ZARIIZ LTV D2, B2 UE LRk
FIRFTlE, EFOXBIAREENME L Pauli FEEZBE T 548N 2L, EFHRBEETHERE)D
VO TIEFREEES —BICREDITT TH D, LW IERLEGHRHY 295, ZOEHR
~DEE 2 LTI TS

KFEJR D Schrodinger HFER AR BE, 12 LA EDT XA N PSER MRS (spherical polar
coordinates?) = E:H L T\ 5, O ML, TN TH L0006, ERin M 2 FH 3
TUIFHRBREDBNCT R0 6TH D3, LnL, KFERTFD Schrodinger 7 F2EEFEK i iz

VIKFRAIZOW T BRIk, #uERIss L OWuE 4 R UERTHW 5,
2 L2 VI ERTH JEEFE (spherical coordinates) & & FEIEAL D,
SETORT VR NI RLF— (= [r) BRI LRV D ESFRCTh 5,
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JERELIAN DRI T OIS 2L N TE D, TT I3 T U (A=VOEBHNMETH Z LR TES
JEREIX118 5 23(C3CHR28), TN b D H b, KFEFRAD K 1T Coulomb 57 THAIEMT 52
-0 Schrodinger 7RI % S5 HEC & B EEEIZR D4 TH %,

« B 1fi #8282 4% (spherical polar coordinates)

- Hp R EEAE (paraboloidal coordinates')

- ¥ P A4 (ellipsoidal coordinates?)

- £k 1 # 42£5 (spheroconical coordinates®)

Schrodinger 15192640 55 354 S0+ C HUIRREERE C Ofif 2 EH L T\ 5, Schrodinger H & 23\
TN EWHIRELH VS, YHEESHOT XA MO, EREMEZELIN AR X
LEHZEE LTV bORH D50, (LFESHWELFE) DT F A b TEREMRAEAR LA 0O LR
ICEDEHAZRLTWS EDIR(E TRV ZOFEER, MEGEMEZIXRI LTV, 4
HE D EIE R TORB AR OEHBE 25 L 72X F TdH 2 b 00, EEREEENERE)
DIWITTHDHEDNIL TN D DIL(T F A b THEIZ DT 2) ERE AR FEER T OB (s, p, d #uE
VDB THD, 3RITH E TR, EREMIERE CH O N 2ELEBEITERE & A TRV,
ZOFE TIIIRITHITHIT 72V DT, §1THR LA X0 EBEEILL T T 5,
TRRIERT & FEFIKERE TR O N 2PERE L R E G A TRV, 3K &R L7 ki
7R T2, 20164E1T Ogilvie 23K F-0 Schrodinger 2% ER 1 [ $E IS £ CTH 0724
FE D JERE TR B AL DB O FFE A £ & D7(STR26, 27), HENBIR D3R ITK % k2712~
U728, (b5 8 CI) BR i MR FEAZE LAAR D JEFEIZ DN TR AR RO T, AFEDJEEIZ-DW
T, B ETEERICE EDDHETE n IOV TITHKIR),
Ogilvie 723 3CH#R26, 27T TR L TWOREROBEZER A » F LU FICE &0 D,

[1] EREZ LIZ R D& TERH Y, ETFHOMICEIVEESNIEDIRILY—(EE
BIELE n DAHATRED, £72, 1900 n I[CEENIEOMEEELE)L L OEETE n?
Th 2,

2] BEFHETHRESNLOIMNEDHIIER LICELT S,
Fr(11E, EoEIETY, Bz R1F—E, 23K

I parabolic coordinates & FFIZiL S Z & & 573, parabolic coordinates 32K TEDHE IV H LD Z & ARZW,

2 {f Al fisHE [ K2 (prolate spheroidal coordinates) & & FEIEIL 2,

3 [ $fEJEAZ (conical coordinates) & & IFEIEN 5,

4 Schrodinger 73 Schrodinger HFER A R 2 L 72 19264F D4R OFH LD 9 H3%F H OFf SC(CCHR24[3])).

5 Schrodinger (Z/KE R0 0L X —1EiE O EHT L D2 b(Stark 2hH) & 5 72 DI HRR AR C Ofif 2 5 H L
7o

¢ Ogilvie(3CHk25)1% T ---no known textbook of chemistry has ever mentioned --- | & ZEW\TW5, MFREIEL, E
2R 2= F—EME DAL 7 — 1 VT K DR FHBELZ O W T EREAMRERE L0 S ED DDA G I
RHDOT, YWHFESHTIIISHWLRDR, (LFSHTIRTEALBIZLARY,

7 Ogilvie IZ £ A 3CHk271X Part 1~ V THER S L TR Y, 4FEOEAZE N ZE U2V T Part IEREREIE), Part TI(HL
YO IEAS), Part TII(KE PR ZE AR, Part IVERTE M #EEEE) ICFEE N TV D, Pat VIFREDE LD TH D,

§ BRI I HEFEEE IR BRSO D B A & e\ O THEBELT D MEEN RV, (B OEBIRENAE LN DD,
Z ORI AEIR T L L THIWIZBUE N EET DD Tldew, )
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5. A O AR O, BT LOE T n OXCHk27)

B B n
BR T 15 JEE A (1) r,0,¢ k,l,m k+1+1
JEC RIS (ID) u,v, P ny,ny, m n +ny+|m|+1
5 A JEEAZE () En e, My, m ne +m,+|m|+1
BK 1 F SEFEAE (V) Erm k.1, x k+1+1

1 FEAE T & IV OB r 1 EIE U B R (BRI

2 FERE T~ I DAEE ¢ 1XIR U BRI A )

363 RS ~ I D85 m (ZFEFEHE(EA, )

X4 JERET &IV Ok, LI RAEEE

5 A & IV OB E & o 1 TEERIR

X6 Bk IZENE R 7-H(radial quantum number) & FEIZIL 5,

E =—ROo (n=1,12,3,-) (192)

TE IR, 1L Rydberg E#%, n #5252 ULERSICFL L TH D), BHIFRER(Z & 21,
BT L X —CREEE) A HET 2 2 LA BEWR L TV, #il& L T(7 U AR ) ER R LA
E(BHFE 72 UHD IR EAREAE D = )L X — i & K61~ 3 (i T % 2 r — L Cix
RN, FERRIC RV B FBOERITRR DD, WUl = x/LF — XL ORE@E) 0T E - 72
KREUTHD I ENERTE D,

FFRRNIIBIMCE U N DHERTH 53, 78R 51T, MRS %2 BRI I 35
Gy, RIETDHEEZZEZ THRRN b OMEGEN S5 WEE)XFE CHEE L THBLS
HITTTHY, BEIEICRRLERNPGEONTGAE, a2l fnd 5 W3 ERE E
I DR RN o 5 IR S 506 T 5, Schrodinger 2% H 72 2 FEFE T
RN T 72 B BB (B 1 3 e B B IF DN D = R L X — N E O L A2 3
THBET 00, 4EOEEICAMERR ML, &L, 4RO EEN T~ ClE U BhBEE
(HLB)Z 52 5D THIUL, BB KER I o> TOWOBIERIRERERTHDH EE XD
e b7evy, L LEERIZE, (ANHEMNRE LTEEICEF L TETFRLEDD, &1
THESNDIEOK LD D, ZOFFEE, FHEERELUE) N HET 2 I RILF—EEIL
ERET AN, ERFICEKET IEFRLRBEREE)LEZEDOLGL “AIY” THDH L%
BHRLCWD, F£72, HuEORZBIMIL X 5 &3 58, Schrodinger 5 F2 X & ER if iR A C i

VR4 & B RS ITHEN 7OIREB DR D = 2 L F— 2006 &L LTV,

2 20244E7 A BILE, ECHAT O Rydberg EEOMIE R, =10 973 731.586 157 m™' T 5.

3 HET, EFEOBIETT,

4 Pham & Gordon(3CHR8)Id “mathematical constructs” & FEA TV 5, F 7z, FEEIICER3SA)T [ 8 3B
REETOLOTHY, BRFHER LD TRV EFELTWD,
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1=0 1 2 |m|=0 1
1,0,1)
n=3 - - Elz’lof)())) —— (1,0,-1) ___ (0,0,2)
—_— —_— (0’2’ 0) — (0,LLD (0,0,-2)
k=2 k=1 k=0 o (0,1,-1)
(1,0,0) (0,0,1)
n=2 - = - (0,1,0) — (0,0,-1)
k=1 k=0
n=l — — (0,0,0)
k=0 (ny,ny,m)
BR i i A TR

X16. BRI MRIERE & AR ERE C OKFE R T OHLE = L —
(RC n %&b oEIETXCTH LT RLFE—)

WEHEDOTER LT HELT 5 L WO RFE BRI S 220, HUED AN T TIE <, ZOENE]
NTEXDLFEETHD EVIBRMENIEN -T2 52X, BZ26L, (HENND, ¥R 5505
DYT F A B ﬁmmm\é@bﬁl@ IET R COEREMREAE COHIER TH D!, #uE DO

RBETEPEEIARGET D 2 EnREIRINT IR ERFRRD1I>D L HIZB 2 52,
PLIFIZ Og11V1e DEEZGIHT 5,
O k25, p. 68

[. .. both the shapes of orbitals, as indicated by surfaces of constant amplitude at a particular

chosen value, and their designating quantum numbers, apart from n, are artefacts of a particular system

of coordinates, - - -]
FFEDRBNINTZETEREBEOHIZE > THRINLIHEDOIIR L, fuEx
S DY ETEIINFFEDIHEERDN T TH D, )

O k25, p. 69

[Dirac wrote that “science is concerned only with observable things.” Being an algebraic formula, an

ET 5 LA

orbital is not an observable thing — tangible things and algebraic formulae belong to disparate and

Uy, BROITMAEEAE LIS O B CHLER 2V TV D T F A & RLZZ 03720,
2 HET, EFEOEXTT,
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separate logical categories. |
( [Dirac 1% [H=AFBRRER b OZT 2H 5] LF W, PuBIFREAXTSH 50 LB
REZ2 b DTV, IR EREGUTE R D h] %2 OB L 7 ) —IJ8 T 5, )

FAEMHEDBIGR CICHR2TICHE DNV C W D HLUEK ZB# T 5 2 E N TE WS, B 2 D
B BB RO D RNCIE, BEHRE S (unitary BHO)IC X VA AICEBRATE/LR OB H D L)
FEND, BESLICHEOENRR DL LN TEX 5 THAH D, T2& 21, ERIEmEE
DIE & AR EFE O BB TS A COEBMNFHETH 5, ER M FE O 8 B4k %
Vi (1.0.9) T, JBVERROBIEBELE @, ), ) (u,v,4) TR L1,

1
@100 UV, 9) =—=Iw10(r.0,9) + ¥100(r.0,9)] (193)
NG
2p 2s
BIO
D010 (1,7, = —=[W010 (0.8 ~ V100 (7,0, )] (194)
ﬁ 2p 2s /

DAL AT, 2(193) & 2(194) D R 2 M K THE < &,
OO N G
- + 195
ﬁ[ O } o
2p 2s
BIO
< D N G
- - 1
Al Q) e
2p 2s

LD, (193) ~ (196) 1 HIRDEL RE)Z Lnbnb,

R(193), ©F 0 KA TERHEMREEAE D w10 (7, 0,6) (=2p FIE) & w00 (r,0,8) (=25 HLiE)

iz LAY & HBRIERE T D o0 (u,v,¢) BIEIZ 72 5 Z & 2R LTV 5 (3(194) & K(196)
ITEE & > TWND), ERIEMREERE C2p #E L 2s #EZ 7= L2V 51\ 20 L= (b D sp
VR AHLIE ) [ BR M A A C D [E A BIER Tl v (L7223 > ¢, BAMEEIEZ R L)%
T2, SRR I, BRI T o> sp IRERNIILE DTE & L 7= [EA B HLE) 25 H 2R
2 oh, EA@LE)TRLX—%H0, iUk, EREMEET s $uE L p BLEZERAED
BT sp BIKHLEZVED Z ERFFIND &V B TIER L, R EAE C RALE A RIZ[H
AR E L COHENBN DL 1D, BEEWS FEOBIIEBATIELEWLEFRTRETH
%3,

VRAHRCO p & o IRRARHLE S T #E & IXBIRA e,
2 TEESRE ) IIEHEOEANREETT,
3 Ogilvie 1Z3CHk25C, [Pauling 13 H %) D 3L T Schrodinger D SCCLRR24[B3DZE I A L TWH DT, AFEFRFTH
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TRV F— EHEEELIMNCFER E L COYERITROEBEWIM TH D, KEDTIXETN
HATHY, 1508y TERENDETDH L, ROEMSTITe|y? ThDHND, BRI
DRTERER(DF-T7HR) 7 6

Jelw P =y | — &/2ye (197)

LD, MUEDTER GO EBX Db LAY, L,

OIIMTEETHLIND, EROEM O 2T I2EITEZRETED DL EERESH 5,
WENBE O ITEEIC L > TED Y, CPOFEEOENBU SN DI TR TE 20,

EWVWOBIRICED, RV, WLUEOFIIBIHTX e,

SR8 D EH Td D Gordon I Truhlar & & & H1Z, YA A ALERRT X Ne,2e) 1 4 1b5E
BRICEBWT, A A b THHENREEBEFDEALTVWEELMRSINDZENHD
[Dyson Bl | (RFNITHOWTHEE Z BTV 5 (CCHik23),

PPV (x ) = \/NJ-QMo(xpxz,'"’xN)@Mo(xl’xz""’xN—l)dxldx2"'de—l (198)

FRDOx ITEF | DAV UWIEERE, Oyo(x), X0, xy) 1FA T ALRETO N B1-R O HEES
B, Opmo(x),xp, -, xy ) 1FEA T AEED N -1 EFROEIEKTH D, A 4 ALk DR
DIRRED 72 V) % JEFE xp, x5, -, X y_ TR LTEFERILE A U LEERE xy OB E 720,
BB L A CRITTZE OO T [HE] LW AT TV 52, Truhlar 51X, &E-FHHE
DFHVR(A CEMTEH 57, Hartree-Fock ¥T12l, Koopmans O EEE, 18 F#LENUTELE LT
R4f72 %) TiX Dyson #LEDTEIRD > FHUEDBIZELD Z LA d D00 LILZ2 235, Dyson
BLE XA A ALRTOE TN ER L TCWERED S FHLEICRH ST 5 L3R 593, HLET,
4ﬁ/&%%@ﬁ@%ﬁ%ﬁ@%k%rﬁ¥%ﬁ®%f§Lt%@f%éﬁ% A A AL HT
DARBEDME % AT 5 72012 EDFTER N LWV NIZ DWW TI M b 2 T NARWEFL LT
W5, &5, Dyson BLEDH198)DATHIXA A L ALRTE DR OWEFEH THR I TEY,
BN BEE A FLR - 2 BUE IR AE L 722V o TH(E(179)2 #R), Dyson Ui DR DN B x5 50+ D
BLUEICOWTHEE LA REZSL Z L IXTERWVEIRITN D,

Ogilvie(Cik25) 1L 3Ciik231CZ K L, [Truhlar & (CCHk23)1%, $EF R TIXEFHEC
ﬁ%%&%ﬁmﬁfkﬁwwaE%ﬁwf%&w:k%h%bt#,@ﬁ@®mﬁﬁ
TTH, BERILICRRLIUENFIEL, —EOBFELEIXFIE LRV b ELE DR ILE]
HTERN] EWVWOBEDOLFEAFT LT, WIEDOEOBMFREMEEZ G E L T 5, Ogilvie

TR EERE CRRIAMME D B D EEN S B D Z & Mo TWIZ TR, BEOMEZILD X 5 &) “RiksE
TR B D7 OITEREREEAR 72 1) Ciam 2 BB L7z ERZUTHRH L T D,

I Slater T8I ZEFH 1E 017872 D,

2 Dyson Bl (2 BE3 2 #EHIISCHR3 72 I,

3 Dyson #LEDEZAD DL, Dyson HLE A A ALIC X W H SN ZEFOIEFHLEICHHET A L5 IR S
N, AT AUTEE S IXO X HROKE B (as(7 S A— 2 —)Z 0T THEITT 28R TH Y, A Lok
EROPEEBIE ORI ZE T LT 2 SN E T LS OE 131 4 ALRT DO E F TlixZew),

4 JERTELIGE C b RTELELE T % unitary Z2HOBIFRIC & 2 BB CHERR S 1 2 IR BB I IV IR 23 A2 5 72
372D TYE -7 < MU Dyson ¥l % 52 %,
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1%, B5 07 % A MZiX Schrodinger H R O EREMEFE CTOME L 2VR S IV TORNNG,
LR DOAF%E# T & %) Truhlar 5 203KE JE%’—@I“?%*&@@L%@T?%%«%& LD ¥
B THDERITWD, £/, LHk36i1%, MEFEFICB TS T#HE] OO
EX,  [HLEOEOBI 1CBT 2B G %@m%ﬂﬁ?&%nabﬂ\é

U Truhlar &3 A IZOKER OB OEIE L O#E) E RE L L7zONE 2 DNIRHTH D8, LFEOT X2
(BRI A COBLE L 2SN TV AR WVWDIIZHEETH 5,
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11532, spZ iR ENE(PILFEF)DIESE

§5T sp iR HUE RIS & B H U728, ARGVl ABy S T-(7- & 21E, CHyT PHhb
RIF L v DO-CHEE) Do & 2R T % spriBBE K2 8T %, MHORMIT sp°
EREEORA L I1ZIEFR U THE2, H EFOMHIEOEICD L TRRLETH DM,
— IR TR E 2R S ETAS TS B,

70k 51z, duic C F, JAIZ3>0 H B2 RET 5, spARiliE 25 C
ST DI FEEI2s, 2p,, 2p, THY, 2p, BUHIZS THICEE TH 50 HIRMITITH S L7
AN

7. CHz OCJE - & HIFF Ol

R L72WH 0 mz < )3ROIRBMILVEL ¢,, ¢, (. T&L!, C FTOiF1HLE
L DR EATIITERT &,
dyy dip dy3
(ga’gb’gc):(%s’@px7¢2py) dyy dy dy ::(¢Zs’¢2px’¢2py)£ D J (199)
d3 dyp d3;
EETHDOT, BHATIID #1552 EREME RS,
7 OMEED RRET Dy, TH Y, HFEA(Is Pul)3 O/ 3— hF—Th D, 320 H JFEF(1s
WLIE )W SHE Dy, OXITREAEZIE L 72RO RBIRFN DT 2 K617 T,

6. 3250 H JFE(1s BB D sl Dy, OEIEICBE T 2 faiZ

E 2C3 3C2 Oh 2S3 3O'V

r 3 0 1 3 0 1

554U ATRIR I 4 RE Dy DISIRED B EIC LTHiIRT 5 &,

1 sp? IRAELIE A spP IRAIE & [ U SCF ¢ CRIMNEEOPE IR LTI,
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F=aj+e (200)

L%, BRIERBL 1I2RETH D0 D, FHRHE FITIIMELERSE R & LT C3OBERIFE
BE T WD,

7. ABE Dy, OIGIER

Dy, E 8C;  3C, oy 28y 3o,

Aj 1 1 1 1 1 1

A 1 1 -1 1 1 -1 | R,

E’ 2 -1 0 2 -1 0 | (xy
Al 1 1 1 -1 -1 -1

A} 1 1 -1 -1 -1 1|z

E’ 2 -1 0 -2 1 0 | (R.R))

#8. Rl C; DIEER

C; E G c? g =3
A 1 1 1| zR,

1 &' € (x,9), (Ry,Ry)
E *

1 £ £

JSRE Dy, & BB C3OBERIERBLOM BT
(D3y) a; > (C3)a (201)
(D3p) e’ > (C3)e (202)

Thd, mEE C;OBERD e L2ORITTTH LD, FHIERNLDLMD LT, 2RTOHE 2
SOIRITOEEIZ LV RSN TWADT?, IRTOREEE 2oL LCHIFATx3, X7
D a O HJFEFIZ B CyOS R EE MR S H 725 R(FR9)

. 1B C; OFBRAEE gy (R SE TR

E C, c3

¢Ha - ¢Ha ¢Hb ¢Hc

UARRMECH, B ORERZ BT upright O T/ NCF TR,
2 2RTE DRI ERBLOFEE N 1R TEOFEIE2 O TR I TV D & X, separably degenerate(4y Bl /] REAF EE) & FEIZN D,
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IZHE- T,

a: Py, +ou, + %, (203)
e fu +tedu, tE (204)
& gy, & du, +Edu, (205)

PELNDEERERBL e IZEENL20ORBULXNNTD720DIT, e L e TRT), HK(204) &
(205N RDIFIER DBEKIREL e DIEF L WICH A 50, FHEHE L L THEEZHWS
B, FREOBERILKEME > DT, K204)EXQONTIFFERLFIETH L, ZDFFE3I>DK
EREAELTH L0, Q204) & RQONTITEENEENTEY, 3kcKE LTHIK 2 &
D TERVOTEBEELT D3, ¢l

g:e”W3=am(35j+mm(gf]=—l+ri§ (206)
3 3 22
THDHMD, b OREET

e+e =-1 (207)

e—&" =i\3 (208)
ThbH, LIEENR-T, R204)E K205 D4 DFIE

204, —Pu, — P, (209)
ThHY, Ei

i3(du, ~du,) (210)

b, BHEEE T EER SEEE T TR LI TR0y D, BERED a ITB8T 5K
(203) & &b, #2209 & XQ10)HLFNFNHKKLL T,

1

T =5 O, + ) @11
1

CHe] =£(2¢Ha ~u, — %) (212)
1

XHe, =$(¢Hb ~u,) (213)

U BERIEHL e DR O2 0 DORBUCHIZE B AT 727210 T, SBECy 72 EOBFIRILE,, B, DEK TRV,

2 HY, BEOEEEEATEREERGEANTDH, SlEFBEICRENRZ2VNOT, KEICX - UIEIER
HEREEAFIHEALTWIHELH D,

3 EBHULT A DOIIZRTR E L THIK 29 TH B, 3RTHITHNZ S OB IE LWEET 2)bIF Tidiel, &
BaalhTOTHELOWERTH S,
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21551, Q211 ~ QI3 EATHITET &,
/N3 26 0

(Xt » Xne» XHey) = B b, - da )| NB =1/N6  1/\2 :=<¢Ha,¢ﬂb,¢ﬂc>( F]

1/\B -1/6 -1/\2
Lih, §5TRLEL DI,
(Ha's Zue) > Xuey) = Bass bap > bop )
BIO
(P, P, - Pr,) = (o Sbs 60)
CEEHZ LN, (214
/N3 2/J6 o

(b25: bap, - bp, ) = (€ G- €| N3 =16 1/\2 =<§a,:b,4c>( FJ

/3 -1/J6 -1/\2
EEXMZOND, BHYATHIF X unitary 178 THH0E, H175IX

/B 1B 1B
G=F'=rT=|2/J6 -1/J6 -1/\J6
0 /N2 -1/\2

THY, 175G = XQINHENLNTTHELND

/\B 1B 1B
(CarCb 60V = (s oy )| 2/N6 16 ~1/\6
0 /N2 -1/\2

i, #(199)
(é’a’gb’gc):(%s,%pxa@py)[ D j
2B LW, LT, CEFO sprRIELER KA TR I D,

1 2
Ca _£¢Zs +£¢pr

1 1 1
é/b _$¢Zs _£¢pr +E¢2p},

U H R T ORI 2 RS0 spt BUE O LR Ly 2O TO A BEROH IR,
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(214)

(215)

(216)

(217)

(218)

(219)

(220)

(221)

(222)



gc :%%s _%%px _%@py (223)

H(221) ~ 223) TRENSD CH 10 spHRARHLIE & KSR T,

[48. CH; o sp® Ak #ENE
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{18%3. EREMEERIC K D2D0DM F VLT RIILF—DERHA

§3TIRMHNIE I T DN OO ERERFI L7228, I b7 Grushow(SCik18) D& i
(2%t LC Hiberty 5 (GCHk19)23 5 G LIRARIE 2 i L T 5, IRARELUEDS > THE L Y 4
LHRELTRBBHABICERIND A, CHONEFANT MV (DFEY, £ fb=x)b
X ) DBAFER E OAR—ETH D, CHOA A bR F—L LT23.1 eV £13.6 eV D2
DO — 7 PNFREEKIT ¢ 3T S 4D (CCik20), 47 FRUEEGRIC AU, 220 B — 7 13fEE
PED t0E & afuBlCxc L, RV HE = R L F—% $ D a #liE7323.1 eV OE—21Z, &
WILE = R L F—% B0 HlIEA13.6 eV OE—ZIZHnT D LR T& 5, £/, H1:3
ORI, a B (EEE)IC2FE T2 EE L, oIEGEME)IC6E TNEEL WD &L
THETE S, —F, BRIEER T, 420 spPHERT_RCEMTH D05, YOl
DELFHRICA A MR X —%2E DT L2y, EHSE20o04 4 fbmx/LF—
Z@ATE 220, UL, Hiberty HIXEHLE TS CHONXE T AT bAD2ODE—7
O TE D EBRTWAB!, LT TEORARERINT 52,

C 70 sprlR A B E(122) ~ (125)Th D, 4> OB I F-H32{E 3> GHeH) i i
L 7R RED 3z EhES £ (Slater 17811=0)1%

Ga) &AM Gal) B0 ga) AN Sya) LB
Ga(2) B2 Cra(2) B2 C.a2) (P12 Cqa(2) ¢4B(2)
Ga3) B3 ¢raB) BB a3 (LB Cqa3) B3
Gaad) G,BM4) Gra(d) GpBMA) Sad) ¢p@) gqad) Lyp4)
Gaa(5) G BG) Cpa(S) B C.ald) C.PBGB) LqalS) ¢qB(S)
Gaa(6) £ B(6) Gha(6) ¢,B6) G.a(6) ( B6) Sya(6) yp(6)
ca(M) BN Soa(D B Coa(l) S BT Cqa(T) ¢qB(T)
Ga®) BB Cra®) BB c.a®) (. .BEB) Cqad) ¢yB(B8)

LD ERED, RERITINIRSEVDOT, X224 ZRK(DED X H I T 5,
Q= det(£, (D, (S, A (D (5 (0)Eg (1 (®)) = det(£, &, Svlns el elada) (225)

RN OTHRENDINHEF AT MO =7 XK TH DD, ZidA 4 OBEFINEE
EEZTORONLTHD, ExE, JUES, OBEFDPHRHENTEHA, A4 4kicky
ARk L7z CH, T DI ENBEER IS,

Q = det (224)

Q) =det(&,¢péheebeada) (226)
LB, LovL, Z OB T TILARE Ty OFAREEICIT e WERIRBIE AR Y 72
VN 40DIRRELEIZSM TH LD, BHES, OB TFUMCHE S, &, {GPETHRIT
MR THINEN D, LIzA->T, CH ORREL LT QN Tk D3>0k

VIREEEEGRIY, BUET R LX —OFEMIC OV ISR EZRDE L2 220, §6TRLIZL DL, REERD
BRI RN T —OFEREES O SR TIE, BEEN Y THEICE DD TlEel, o< RA%THD,
Lo, @l Tt )0+ oMEIc o T, DFHETHRIATE S Z LIFRAE cHLHHTE 5
FFTHY, —HFTHPEATETMH TITHATE RN E VI DITRAKRTH D,

2 rEoE 0 Y TRRORTITAZICADLETLEE L TWETS, wMBEERIIFEC T,
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Qlj :det(gaéjaé’bé’céjcgdgd) (227)
QF =det($,$alplbslula) (228)

Qf =det(¢,8alp0selela) (229)

EINZ 234> DR % SIS & L C CH ORERBIBIE) 2 & S 72 1 Ui 7e 5720,

4o DILERB(QF, O, QF, ODITHEEE Ty OXPHERIEE LT & & DOAKRIEEZGS
I, RHEE Ty OXPHRIEIZ L 24 5DHIE(S,, by, Coy CQ)DPEBMPVETH D, K4xS
BICLTHRPUEDO LW Z £ L5 LRI D, od, RI101%, #FE CyORIE#E ¢, D
BT E 0, BIE G KOS, oEEsf% £ B LCIER L7z,

10, SHETy OXTFMRIEC L 5 sp’ IR ARELE D251k

E Cs &) S4 T4
a a a b e $a
$h $h ¢d Ca ¢d b
e e b ¢d b ¢d
¢d ¢d e Ce Ca e

GEL <I1Z7eny, L0z 0 E LILRWOT)EIOZE & DWW THRER O LA
FRDB &R, BAE G QN ITERT 5 L,

QF =det(C,Co ol eleala) — 2> det(Colalulnlnele) = det(Calinlnlelelala) =25 (230)
LAY, WHIEROEEIC (0 E NS H B, BIE s O CAERT S &,

QF =de(u Lo bobelebala) — > det(Gulolabvlntele) = det(, fulndnselela) =2 (231)

LRAMNG, AHEROBEICES L, AEOBRMELZFT T, RUOTHERRIZE,

11, 4D D FEERAE D i Ty OEAFIZET 2 fEAR

E 8C3 3C2 6S4 60'd

r 4 1 0 0 2

AR EL 2 A Ty OFRER (G2 LTI 5 &,
I'= Al + T2 (232)

& 72 % (B TIE7ZR IREBOBEUKERBL TH 57> 5 upright DHRKRILFTRLT),
A B A T D 72018, RFE Ty OFMFERIEERHE D,OSEHEE T 2 W50, Sl
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THER ST ERIEEEE LT #R5%GE, Q “HMKT 28ED S LIEOE T THA
ENTVWDDOIFHLEE S, THE0D, s DyORTRERIEIRH 2 H05E ¢, OEBADIUIE X
<, MRIFFRNRERD, RI2ICH EDWT, 5D, DEEIC L5 RERBEM Qf 0&#%r F &

Db DNRRIZTH S,

#12. JAHE D, DXIEAEIC KT 9 D H0E ¢ D2
E Gz C(y) Gy

g a §a é,b gc é,d

F13. milE D, OBAEIC X B EEBEE QF D
E G(z) Cy(y) GCx)

oF Qr o r QF

C

SERE T, & JRE Dy OBERI R ORI
(Td) Al —> (Dz) A

Bj (x)
(Ty) Ty > (D) Ba(y)
B, (2)

ThHHNE, SEED,OFBNEBONEHEE -2 /EA SR L LT,

A QN+ F+ QT+

B3(x) :

B,y :

B,(2) :

Q- -+ O
Q-+ -

QF+of -F -af

(233)

(234)

(235)

(236)

(237)

(238)

P BIND(r, y, 2 OB EAT), ZAZHE AL L, SBE T, © CH, OIRIE % KT 1B

L LT,

B =B 02D

T2x

o 5@ -0 -0l ap)
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1
Qlfzy ZE(Q;—QJ +07 -9F) (241)

o =%(Q;+Q§—Q§—Q§) (242)
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ENDHZLIThD, E1, PAREO LB T, REL Y b —RE T, EROK
23.1 eV D E—2 N2 APRIE~D A A ALICHIE L, £913.6 eV D E—2 23 2T, IKEE~DA 7+
AT D EFATE D, LD > T, RMILEITERMEDOE TH L OO, JEF A
N7 M2 E— 7 R8N D 5 Z LiIFEBATE S, 2L, tE %Xf\7 rL D220
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777 SRR
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A A
2
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ty --1-
A —————--- - 1Al —_— el
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(@) 7 FHuEE R (b) {EAKHE PR
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f18%4. K2(K(107)) & IXE L B0 FEHEDEE

§6 T, 7 FHLENFRFHLED unitary EHUIZ L VS SIL5H0Y, unitary ZHUTEERRE B 5 0>
5, o EuE S EREFET D k7o, BN T, §4THE L7 iE(107) & FH AL
unitary ZHOBIRIZH D53 THUE A FLINE 5, CH IARE Ty IZET 50, oo C,, T
Poo TH D, KI0IZ§4THIE Ty 12 & Vo 7o HIE DRELE (a) & mEE Cy, TH O BLE () %
R,

(a) MSBET, (b) AEEC,,

[X10. CH, DOCJF 1 & HIF 1 OJF 88 O BCE (+2 2> 5 22 230 72[X))
(a) KNOFREGRRET, ), (b) [EEC,, F

U I, HRTOMBHLEZES, K10(b)DEE (RO CH % C,, TH D &, HIF T4
OPN—=FF =T 6T, HEFa b bBIPHET ¢ & dD/S— M2 TE 5
H 5+ (a,b) & (c,d) IT Cy, DX FREEANEZ VM S ETZBRORIUTHIOFEIE 2 K 141787

K14 HIET (a,b), (c,d) DEFECy, DEAEICBIT 5 512

E C, oy(xz) oy(y2)
I'(a, b) 2 0 0 2
I'(c,d) 2 0 2 0

U ERE Gy, ORTHRRIEIC L - T, aldb & LDy, cidd & L AREDL AR,
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#15. 1Bt Cy, DIEIER

Coy E G, oy(xz) oy(y2)

A 1 1 1 1|z

A, 1 1 -1 -1 | R,
B, 1 -1 1 -1 | %R,
B, 1 -1 -1 1 | »R,

MEE Cyy DIRIER (KI5 EZEITL T,

I'(a,b) & T(c,d) #5075 &,

I'(a,b)=a; +b, (243)

I'(c,d)= a+ bl (244)
2%, HIFTa & dDls Hili(dy & gy MNTHHE Cy ORPRERIEE MEH S E 7RG 16)

R16. W Cyy DFRBRAEE ¢y & gy, \THEH S ETAER

E C, oy(xx) o,(y2)
b > | . e,
¢Hd - ¢Hd ¢I—IC ¢Hd ¢I—IC

(ZHE-> T, HEHRIRBAOHEHFE T 2 SR HKIL L T,

aridn, +d, +o o > %wﬁawb)
(a,b) (245)
by, —du, — i, o, > %@Ha—mb)
. 1
i+, b, > O )
(c,d) (246)
by g, +n, ~h, — %wﬂd—m)

1%, [ CBEAIREL a|lZJ8 T 220 DBEITZ N ZNEEKIRBL a) OHE % 1E D AR GRIE B
B2 b, WiEEZ+ & - CRIEMS LICBRZHRILT D &,

e, )t G ) > G, ) @47
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1 1 1
- - E(%—Ia—l_%b)_ﬁ(%c—‘r%d) - §(¢Ha+¢Hb_¢HC_¢Hd) 248)

MBS (a, B ECa O, & _FERNER 2,020 s KR 57 5H0E), LT
BoNHETORFIELZE LD L,

T, =5 O, o, ) (249)
1

MHa, =5 P, + P, — P, ~ ) (250)
1

XHb, :$(¢Hd ) (251)
1

XHb, = $(¢Ha ~ ) (252)

E18D0 fua, KIMDO3DITEATHM LTz H FH OXIHEIEGEN90) ~ (92)) & iz o 72 IC
o TN, ELLREENEWVI DT TIERL, WTFRBIELW),
CHTFDADDBIE by, bay o bop » o, PWEE Coy PEEKIRILTO ML

a1 2 s op, (253)
by sy, (254)
by i ap, (255)

THOND, oy B iy, £ b, B iy, ERHADE DI LEEHICON S, BHRIRI a
COVTH, AT D BHITT D &, gy &y VT HD gy & 1y, LHBEDS
HIENTEDN, WHMOMEEMEELD L, gy & gy, FREOTEOMIIERET 578
b & T, DHO, by &y + oy, MORAVERTIER, gy &~y — gy, OR LK X
SO EERIARIC & IR S CEROBIEMIAA, 72, gy 1tz L0
PEOREAEMET B, . & i, 1 dop, &, + oy, BIORAPERILIEII B3 gy, &
di_ + o, TR UK S OGP TR & 0 IR S L CEROMEER 20, L
FioT, BEREBR S L OBEDMAGDEEE LD L,

4 1 hss MHa,, (256)
- $p > XHa_ (257)
byt s X, (258)
byt by Xib, (259)
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L0, ROASDG T HENEK SN D,

Pa,, =knbas tkiodm,, =knds ko %(¢Ha +u, + P, +huy) (260)
Pa, =kaibap, +kpoima, =kaibap +kn %(¢Ha +Pu, — P, —Pua,) (261)
Po, =k31bap, +hkaoxmn, =kaibap, +k3n % (Pu, —Pu.) (262)
Pv, =ka1bap, Thardub, =kaiop, +kao %(4’5}13 —u,) (263)

ZZTh, §4LFEERC, C RTOFRTHEDEH S & H R OXMBILEDOFFE2HLIBX,

kit =kip = % (it & PEfIE) (264)

BLWOD
1

kiy =—kiz 5
ETDHE, O8OOI FHUENEHILD,

(B B PERE) (265)

+ 1 L

u, = 50 E5 5 0n oy ) (266)
+ _ 1 1 o

P, = \/5¢zpzi2 \/5(¢Ha+¢Hb P, —Pu,) (267)

oE =y -yt (268)
1 \/E’ x T oM ¢

O =y (g —dhr) (269)
2 2Py T2 b

5O IR EMEINE, — IIGEAEMEECTH 5, (Q267) ~ 269) % 1TH|TERT &,
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H D,
§4 THEZL L 7= 0 FiE(R(107)) &2 X (181)

Prmo=#0Umo (274)
TRLLOERMKIZ, K (270)%
Phno=baoUMo (275)
THET, RQMPLELID
$10 = Pmo Uni0) ™' (276)
ERQINRAT S &,
Do =Pmo Unio) " Unio 277)

DFHAD A, unitary 178 OH1TF]IL unitary 1751 TdH U, unitary 175 DFE S unitary 1751 T
BB, FEUpmo) U %2120 unitary 175 U TR &,

¢1’no :(PmoU (278)

EEFETD, Lo T, B F — &N E U THHPuEDEA L2 550 FEEDS unitary
EHIZL VGO Z LD,

H(266) ~ (269D 5 HASDREEIEMIE (9 0, -y -0 ) PIIEZRINTRT . Uyo (X
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HEMNE
[F]HRF 0 (19304F TR ) IC B 5 L 7 iR B BLE B R (UL, HB) & oy FHLEE R (LT, MO)IE,

BT 7 a—F G0N HEDOEN RS Z Linn, T 28O L OIS
T&, /=~ WEZEHZ THD Hoffmann % 53 X T JEFRE (SCHR29, 20034F)DEH [TA
Conversation on VB vs MO Theory: A Never-Ending Rivalry?| 7>5 %, HB & MO 28 “%fik” 3
LEGHE L TR TEZZ L5, §0TiL L2 X 51T, HB ITEFEM 2R IL0E Bk
g S, HLHIOMIC72 2 Z E03%V,  “HB B8R OREEDOIANTH S Ogilvie 13
SCHR25 T

[Boeyens wrote ‘hybridization [is] an artificial simulation without scientific foundation’, and, for
tetrahedral hybrid orbitals, “the idea of sp3 hybridisation is therefore as ludicrous as perpetual motion”
[10]. As aresult of his systematic investigations of the structure of many hydrocarbon molecules,
Bartell declared [11] “Hybridisation is a fraud”, which implies that Pauling was a fraudster. |
(Boeyens X MEBIZFFFZABILDO N ATHR Y I 21— 3 Thah) LEX, WmKR
FRELEIZ DWW TIE TspIRAKDE 2 I3 KATER L7 U< 5WIENT TS LT 5
[10], Bartell 1%, %< DRALKFIE T OMIEZKRINCHTHAE LZMER, THERBIZFFEKRTH
51 EEHLEN], ZhuE, A=V IR CTH o7 L2 ERT D, )

72E, IRV ERRERELFL L TV A ([10], [TESCER25 T O TR 75), S H1IZ, Ogilvie 1%
SCHER30TI04ES Y O HB DR Z243#T L, Abstract |2

[Even though hybrid orbitals might have fulfilled a role as crude models in the twentieth century, we
predict that they will not survive in this new century as more complicated models are required and
applied.

(RAELEIL 20 AT WET L E LTOZREZ R Liehd Lawngy, Ko Bk
EBTADRD HALEH 4D B LIS IRRAEGE 1T RNV e PRI S, )

LRL, ORI THELT O HB ZHEbRT 25mBnD 3B 130 B | 28128
LT, 0MALIZH LM o 72flix OFELY, EHEZKRSTZETNAOKE L lIEZ /R LT
W5 EFNEIo TS, HB OEEEAETE 2 D5 3CIX ik, 18, 25, 26,27, 30,31,32TH 5,
—77, “HB BERIR” (ZxtHt9 5 “HB #EEIR” LAFET 5, (EZHOMBHERY Hiberty &
Shaik 23710 & 72 > T HB Z P T D LA 364K L T 5 (HB HEEIRO G SCILSCHR9, 29, 33,
35), Hiberty & Shaik [Z3CHA33C, VB AN KKEHEEH CH LRI E L THBEICS K EINDHUTOD
AIHBIZOWT, VB TH MO LEBEDRERZES Z N TELHBAHY L TV 54,

U IR BSCHE B 0O FE C B D LTl A PR (valence bond theory; VB)IZ/K 5y Dt & A 2 #liR & LT
1927412 Heitler & London (2L W E SN, Kb L&D HBI1X VB & RIEICHFRL TLuy,

2 Wikipedia D [ A FZ « R—=V 7| 1T [FRAHEGEITEEOFRIES A RS BEHEO AR & 00—
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4 Hiberty & Shaik IZWLENEET D LITZEXTELT, KB T AT L b(ele)f A ALFERICET 2 HE AL
TR A7 SCHR23 D ILZEF T A AT D,

31-70



* VB 13251 O, DG A Lewis HE 2 0E > CIEHEI THBMEOMEE 2 6> & T4
MO [I3HEHTH D Wi Th 5 & EL < T18)

*VBIIY/u 7o BIic k0 2Efb L TR, ESETH D L TM

MO TR L IELL T48)

* VB 377 E M & ROFERMED IR TE 2

MO [ZXHITE %)

* VB IX CH O W 1 AT A D2ODA A b — 7 ZFH T & 220

MO (32D DHER D =XV F—% L OHIEN D DA ke LT TE %)

F 72, JERECCHR9) ORI, HEEEDIANTH 5 Shaik 28

l'Seventy odd years after the nascence of the rivalry, today theoreticians and experimental chemists
ought to know that there are two ways of describing electronic structure, which are complementary
rather than exclusive of each other. |
GREVIEE > TODLTVER Y L, 4 H, HmESCERILFEIL, BErHEELrEdd 5
FER2OH Y, TNHITAEWVICHMA TR <M TH L L2MoTWVDHIET TH
Do)

LFE Y, Hoffmann 73

[Taken together, MO and VB theories constitute not an arsenal, but a tool kit, simple gifts from the
mind to the hands of chemists. Insistence on a journey through the perfervid bounty of modern
chemistry equipped with one set of tools and not the other puts one at a disadvantage. Discarding any
one of the two theories undermines the intellectual heritage of chemistry. |

B9 5L, MO Biime VB FLmIIREE TIEAR L, (WFPEOEMND FADHR LMY
%T%éﬁﬂ-fk&ﬁﬁéo—ﬁ®ﬁﬂﬁﬁﬁﬁb b O — T THEA OB E
IREHDORRK B RIS D & ARG DZ L7 D, 2DODOHERONWT NN T HET 5
&, ALFORBENER DN D, )

EIRARTHEREZHHD < < 2TV D,

R CEH O R 2R\, HB #ERIROE R, [HB OIFAIE L ORERAY) 2 iR AL
DS ITh eI T ERZY, —F, ms%&ﬁifm%ﬁA% FTAEE OB LTS
=HEEFEOLRT I ZERTLHIENZ, MBAOFRLITIW TN HMETE L0, HER

m, ﬁ%@ﬁwmﬁﬁﬁiém,fHBT%LT%MO?%LT%%@&%%ﬁmﬁwﬂ
%% IOWTHUEA S5 2% 2L THY, HB & MO [FREBMIZEMTH S, LI=n-T,
— MG ZBRE T D KD At BEfRICIZ 72V, HB & MO HHAIC unitary ZEHLOBIRIZ
HDHZ EIE, FI0HEHT(19354)IC Van Vieck’2A k34 T/RLTE VY, ZOEKREANOELE

DHB #EBIRIE [0 0 SRHUXRCT S 2/BEL T, Bt ZL2HXTHVON] ENGHT D,

2 HB & MO 23k~ 72 6“2/ D,

3 Van Vleck & ZE(Abigail)lL B RO ARREIFHFZ)DUEFR L LTHHLATEY, RKRIEFZED Van Vieck = L7
3 ] 1% Wisconsin /Il Maidison ¢ Chazen EIRHIZIH STV 5, (Wikipedia 3438/R [John Hasbrouck Van
Vleck] £ ¥)
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72 AR IE L < Bl EHER N TOAUTHHEBRIZIZE S o 72133 Th 5, MO 137
RIQAECEEMEDEWND HB K0 H “IELVY LRERSNNBETH DN, ROBHIFT
BERICF UE % 5 % 5 MO [Z(unitary 224212 K 0 )YEREGFEL, BEHEFHEY 7 vy =T
T 5 MO OKIIME—HE — OffiE TIZARWEE A2 E T MO 133k & LTHiE L H A
2N, L7Teldo T, ulE CHER SN D ROKENREBUTROBMFTRERZ 5 2 553, #uEH
FHIIRBEEN T TH > TEEL RV LBIIFEER TIER W, &SI L, &1
IEXBITERWND, (1IEF)HUED Lewis #iE S Octet HilH VSEPR HI'% X CTEF /1571
iz AN SR, UL, A=A, EERZ2VLEOTHIET LV E LTCHRIAT
D2 EFEE L, BUBEICBETA2EF DAY AL THUEZRATHDIZEE LY, &
WHZ e ELSERELZ LT, WiEZFE->TL-< W EBEXE L LD TIS,

i3
FiEBHACEE R, BRI S £ < S o REIR K, B RO L
b ET.

IS

Van Vleck {33C#k34C I+ + - the problem of finding the linear combinations of the central orbitals which exhibit the

proper directional properties is simply the reverse of finding the proper linear combinations of the attached orbitals in the

Mulliken procedure. ] & ZEWTWA(REDESEDIL L HIZIARTZAR), VAT THD,

Valence Shell Electron Pair Repulsion Rule(J5{ 7% 7 -5t < & Hil)

Ogilvie [ 3Cfk27(Part V)IZ TElectrons are fundamentally indistinguishable: there is no s electron, no p electron ... in an

atom, no o electron, no 7 electron, no bonding electron, no lone pair ... in a molecule; there are only electrons [10].] & FC

LTV 2 ([10113CRk27 (Part V) O SCRRE 7).

EMEIZIE TERERSDINE S DD LRVEDTEH] Thbd,

HELHRR TIX, WEOBR/NEALIZ0RICO SR TIEAR S RITDIER Y 2 b OIE(0 b)) EEZXDH(E I Th D),

UL LTy FRE & )92 B EHR Y 7 h v =7 TGAMESS(US)) DBA%#E Té % M. S. Gordon 73
MUEDTIZBR TE V) ZE 2 TR TWD AL, (B-ZRR D) EFITUIAZ 22K LD,

o —

[V N )
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JRFHIE - 5y FH0E - TRRHLE O RER

20244 7H 7H ISR 2l
20244 7H 14H B2 AR U]
20244 7H 21H B3R 5l
20244 7H 28H AR 1
20244 8H 4H SRS 2]
20244 8H 11H FEORR 7l
20244 8H 18H 55T 1)
20244F 10A 27H FE IR 3l

EH L B R @
RAT kN FRFD \ g

IRl 7 r—ae—
R Ry FHA
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