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XANES and Molecular Orbital Theory

Nobuhiro KOSUGI

Institute for Molecular Science

XANES spectra of some simple systems are calculated by using ab initio molecular

orbital theory in order to settle some controversial interpretations of XANES. The

bond-angle and bond-length dependence of o * resonances is discussed in the S K-edge

XANES of SF,. The berakdown of the equivalent core model (Z+1 analogy) and the spirn

coupling between the core and valence electrons are discussed in the O K-edge XANES of

triplet O,. The contribution of many-¢lectron transitions is discussed in the S K-edge
XANES of SF;. The core-hole screening effect is discussed in the Cu K-edge XANES of

CuCl,.
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Fig.1 Grometry of SF, (Ca).
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Fig.2 Contour maps of the unoccupied a;, b; and b,
orbitals of SF..
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Fig.3 Re, Ra, ©e and 8, dependence of the S 1s ionized and excited

states of SF..
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Fig.7 Cu K-edge XANES of Sr.CuO; with CuOQ,
square-planar structure. (a) m-polarized, (b)
o -polarized, and (c) powder spectra.
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Fig.9 Intensities of the well-screened core-hole
states (S) relative to the poorly-screened
core-hole states(U) of CuCl..
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Fig.10 Contour maps of the o and ¢ * orbitals of
the ground and Cu 1s ionized (screened)
states of CuCl..

Is-4po [ECIRRED GRET LL I A A L LIRRE D BEET
EnroFncTns, 4prBEFHLLIZHARE—L
OERIZBIML TN B EWNH T EITH B,
B10i3 Cu- CIfENZ T & 2456 o §uB & s S
Mo EEZRL TS, ENEEIRED SO TE
FHEE [(0)°(0*)'1Th B, HADA & ALIRE
() DHDOT, FEEIREEEBEDERD L WilEd
213 EROVKIREEN RN VTV B, 7/ LIS
W - BOEaHOMEIGHERII TS, BT
dpo B & dpr FLBERIR Lico A7 —ILERI10
LIFEFUTH S, 4poflilid dpriii&E U<
SVIZEN > T3, EOSIRED HDTRHNU
REDHDTH B0, URED & & DAV BLED
DUNRELTWS, 2% b, UREETIZCl—=Cu
D CTIzk % Cu 1s R — LOBERIDENIT NPz 8dIT
4pm, dpo WUBEDBEF I EREIRO—HAEIES (b
B WNE PR — L% IEBRIR U TR %) A8
HBEDITTH 5,
PIEORIFEFIVRIZHTEHDTH B3
D15 < &b CuCl $5IRD 2R Y N IVDRFRIZHEZ.
%o Fi, BALYITIECuOS DY 527 =L
LTV AT TIRITWD, T TIREBN/I XD ITEE
BRIz BRI RIE RIS LD EEZL SN B D
T, CuCl, DFH BRI D ARSI NLVOE
Rz b, &-TC, HEIREBORENHL L L
TdH, BTDODIFE THEENEC 1s-4po ik
HEDRIRBES R THZ LI EIN (UIREE) Th

83

poorly-screened
Cleere Gyl

ClreeCup—-Cl

Fig.11 Contour maps of the 4p 0 and 4pmn orbitals
of the well-sreened (S) and poorly-
screened (U) Cu 1s excited states of CuCl..

LERBBING, #F, 1s-4pr & Is-4po fphitd
EOTHIRESIRICZ NI EENILO EEEHRT
&5, S5, ERMICEEDREZFS ML TL
<=7, BEUARNR-PEFAREEDF 5% 5 FHLEsT
BTLEDEOIEBETNEEI VD, BETEED 2
WENH S,

3 ik

D) /MZIE, Bt 2% 45 1H (1989).

2) W.M. Tolles and W. D. Gwinn, J. Chem. Phys. 36, 1119
(1962).

3) A. Bianconi, M. DellAriccia, A. Gargano and C. R.
Natoli, in EXAFS and Near Edge Structure (Springer,
1983) p.43.

4) S. Bodeur and A. P. Hitchcock, Chem. Phys. 111, 467
(1987).

5) F. Sette, J. Stéhr and A. P. Hitchcock, J. Chem. Phys.
81, 4906 (1984).

6) N. Kosugi, S. Bodeur and A. P. Hitchcock, J. Electron
Spectrosc. 51,103 (1990).

7) S. Bodeur, A. P. Hitchcock and N. Kosugi, Chem. Phys.
162, 293 (1992).

8) W. H. E. Schwarz, Angew. Chem. Intern. Ed. 13, 454
(1974).

9) N. Kosugi, in Core-Level Spectroscopy in Condensed



84

Systems (Springer, 1988) p.203.

10) N. Kosugi, E. Shigemasa and A. Yagishita, Chem. Phys.
Lett. 190, 481 (1992).

11) E. Shigemasa, K. Ueda, Y. Sato, T. Sasaki and A.
Yagishita, Phys. Rev. A 45, 2915 (1992).

12) G. R. Wight and C. E. Brion, J. Electron Spectrosc. 4,
313 (1974).

13) R. A. Rosenberg, P. J. Love, P. R. LaRoe, V. Rehn and
C. C. Parks, Phys. Rev. B 31, 2634 (1985).

14) W. Wurth, J. Stéhr, P. Feulner, X. Pan, K. R.
Bauchspiess, Y. Baba, E. Hudel, G. Rocker and D.
Menzel, Phys. Rev. Lett. 65, 2426 (1990).

15) M. W. Ruckman, J. Chen, S. L. Qiu, P. Kuiper, M.
Strongin, B. 1. Dunlap, Phys. Rev. Lett. 67, 2533 (1991).

16) N. Kosugi, J. Adachi, E. Shigemasa and A. Yagishita, J.
Chem. Phys. 97 (1992) in press.

17) R. E. LaVilla and R. D. Deslattes, J. Chem. Phys. 44
(1966) 4399.

18) T. A. Ferrett, D. W. Lindle, P. A. Heimann, M. G.
Kerkhoff, U. E. Becker and D. A. Shirley, Phys. Rev.

ab initio SCF i

BT EMNEE LT LIS B, HMELSTROB
BRI ER S Z LA HREL Bbh TV, TOk
b, BHLFETRIVAVAALERALT, Ytto
ZHMEEHAL, ThoZRMEIIMEEE-> TS
feo £TAN, AVEL—FDRELLLIT, ZBET
SH-T HBEFFHD Schrodinger HEEREBE TR 2 &
INATREIZTE » T & fzo 1960 2E4 12 43T D Hartree-Fock
(HF) H5AHETI L, 19704 —BFEL. (HFE
) ZdZ THETOMHBIED) %2 189 5 CIZT ST
Lo AT CREUEMICHEC O L Wicd, [HFo
HF i@ & 15 1 B Pl 72 & 2238 I B IEBEE HA
L, Z45yglefEu self-consistent 7548 (SCF) I2Hi BT
0B U C BB E R D 5, DL S SEtEE
ab initio SCF & 3% (BE—[HER A O R < i id — iz

AKX FEEF1S (19935F)

A 34, 1916 (1986).

19) T. A. Ferrett, D. W. Lindle, P. A. Heimann, M. N.
Piancastelli, P. H. Kobrin, H. G. Kerkhoff, U. E. Becker,
W. D. Brewer and D. A. Shirley, J. Chem. Phys. 89,
4726 (1988).

20) S. Bodeur, P. Millie and 1. Nenner, Phys. Rev. A 41,
252 (1990).

21) J. A. Sheehy, T. J. Gil, C. L. Winstead, R. E. Farren and
P. W. Langhoff, I. Chem. Phys. 91, 1796 (1989).

22) N. Kosugi, Y. Tokura, H. Takagi and S. Uchida, Phys.
Rev. B 41, 131 (1990).

23) N. Kosugi, T. Yokoyama, K. Asakura and H. Kuroda,
Chem. Phys. 91, 249 (1984).

24) N. Kosugi, H. Kondoh, H. Tajima and H, Kuroda,
Chem. Phys. 135, 149 (1989).

25) A. Bianconi, C. Li, F. Campanella, S. Della Longa, 1.
Pettiti, M. Pompa, S. Turtu and D. Udron, Phys. Rev.
B 44, 4560 (1991).

26) R. Bair and W. Goddard IIl, Phys. Rev. B 22, 2767
(1980).

ab initio B PRI N B ), FHHE EHHIE 2R 2L EIEL
EHODTHELAEZ DR —EB I TOMERTH S
Hartree-Fock i Iz i3 & A & —BT %,

ClLi%

HFE T —OBETRREAEE LT, TRxLF—
AER/IMEZINS & 5 IRk 5, BALEIE BT
BAEL (9 FHLEBEE) ofiTildsh- 2B TR T
HHo Cl (REMMEIER) H:TBTROBEBIK
AEBOBFRRECEMTE 2L LT, BEGRET
Fxta b TR B, Zhic & D HRETISRDIZ C O
RO RDB LN TED, £ LWREBSIZIR
BEABETE AL RECTHIELNL, TDIRE
Rt g 20T L fc —FETBIMOMERD B T LA
HETH S, HEMBOECHLEETH 5,

—84—



