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Description of Molecular Orbital Method suitable
for Theoretical NEXAFS Spectra :

; -~ Hirohide NAKAMATSU
- Institute for Chemical Research, Kyoto University.

~ Structure) spectra by a first-principles molecular orbital method which is extended with the L2 method. In
the L? method, square-integrable basis functions are used to represent continuum wave functions in a
molecular region. The obtained L2 levels are discrete states and transformed into a NEXAFS spectrum.
Enough amounts of basis functions for the 1.2 states provide a stable NEXAFS spectrum which is ideally in-

- dependent of the basis set. As the L2 states are derived in the framework of the standard molecular orbital
method, the bound states and continua are obtained simultaneously. The wave functlons are exammed to
reveal kinds of states such as valence, Rydberg, continuum, exciton, etc. i

~able to represent electronic states of NEXAFS. Some. theoretical spectra for molecules and solids are
*'demonstrated to study the characterlstlcs of the L2 method.

Fundamental features are described to obtain,theorétical NEXAFS (Neat;Edge X-ray Absorptioanine ,

. DV-Xasoftware uses realistic molecular potentials and efficient numerical basis functxons which are sult- ‘
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Figure 1. Excited states in the processes of x-ray absorption.
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Figure 2. Wave functions and molecular potential for x-ray ab-
sorption. Cross-sectional view of potential (a), cross sectional
views of N 1s (b) and NEXAFS peak (c) wave functions for N,.
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Figure 3. Relation between L2 local states x; and x-ray absorption
spectrum. (See the text for the notations).
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Figure 4. Continuum wave functions for Hy with 1.90 eV above
the vacuum level. The solid curve is calculated by the molecular or-
bital method and the broken curve is the exact solution.
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Figure 5. Carbon K NEXAFS for CO, molecule. Experimental
(a), and theoretical spectra by the L2 method with various basis
functions {b—d). The vertical bars are proportional to oscillator
strengths.
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Calculation of ionization energy by the transition state
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Figure 8. Theoretical spectra of sulfur L, ; x-ray absorption for
(a) H,S and (b) SF,. The ionization energy of L, is set to 0 eV.
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Setup for F+* ion yield spectra of SFg excited by pola-
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Figure 10. Anisotropy of photofragmentation for SFs. (a) Mea-
sured photoion yield spectra in the perpendicular (solid curve) and
parallel (dashed curve) directions to the polarization vector of the
incident x-ray, and (b) calculated NEXAFS for the polarized x-ray.
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Figure 11. Fluorine K NEXAFS for CaF,: experimental (dotted
curve) 1® and theoretical (solid curve) spectra.
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Figure 12. Theoretical barium O, ; NEXAFS and experimental ex-
citation spectrum'® of luminescence at 5.6 eV for BaF,. The vertical
bars are proportional to oscillator strengths.
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Figure 13. Cerium L, x-ray absorption spectra for CeO,: (a) theo-
retical and (b) experimental spectra2l.
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(b) for peak C

(a) for peak A

Figure 14. Sectional views of wave functions for NEXAFS peaks
obtained for CeO,. A half of X~Y plane; (a) including O, atoms for
peak A and (b) including Ce for peak C in Fig. 13. Shading is a
measure of the wave function value at each location. The brightest
and darkest parts mean the top and bottom. The X marks indicate
locations of O in (a) and intersections with lines connecting two O
atoms in (b).
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Figure 15. Theoretical sulfur K NEXAFS for SO?%™ ionsin Na,SO,
and KzSO4.

Table 1. Structural difference between SO, in Na,SO, and K,SO,
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Figure 16. Theoretical lithium K NEXAFS for LiF.

RDLDOICHEBPDEMTH 5 L RTEI, ARTHR
NIZFHEOMNICB - Tl 5 &, BEhiS M eAERKIC
LBOEVEEEZ WA LT, KWERANY FILEELC
EWTEDL, T LT, T 2EBI-FEHREAK,L, WED
B, XERBIZE b 5BE, A7 PUVEEERL
TIGRICBILTAHIDDEREB AT ENTES,

LD YT A, Wik NEXAFS 27 FLeERDLHES
BRICOWTC, BEFIREDERIND Z EBEHWH, HEmA
N7 PVEBLOBICE, FEER» CEADEREES



136

DB GIPEPREDN S,

FHEREROMT TR bR E T

11)
12)
13)
14)
15)
16)

17)
18)

19)
20)

21)

22)

Bad HIBEE 2SS (20004)

1990) E13%E.

AL - BT MRMEEAR (ZEHR, 1991).

R. S. Mulliken: Chem. Phys. Lett. 14, 137 (1972).

T. M. Zimkina and V. A. Fomichev: Dokl. Akad. Nauk
SSSR 169, 1304 (1966) [Sov. Phys. Dokl. 11, 726 (1967)].
K. Ueda, Y. Shimizu, H. Chiba, M. Okunishi, K. Ohmori, J.
B. West, Y. Sato, T. Hayashi, H. Nakamatsu and T.
Mukoyama: Phys. Rev. Lett. 79, 3371 (1997).

H. Nakamatsu: Chem. Phys. 200, 49 (1995).

H. Oizumi, T. Fujikawa, M. Ohashi, H. Maezawa and S.
Nakai: J. Phys. Soc. Jpn. 54, 4027 (1985).

T. Ikeda: Thesis, Tokyo Inst. Tech., (Dec. 1996) Ch. 4.
A. Ejiri, S. Kubota, A. Hatano and K. Yahagi: J. Phys. Soc.
Jpn. 64, 1484 (1995).

T. Ikeda, H. Kobayashi, Y. Ohmura, H. Nakamatsu and T.
Mukoyama: J. Phys. Soc. Jpn. 66, 1079 (1997).

H. Nakamatsu and T. Mukoyama: Adv. Quantum Chem.,
FO Rl .

K. R. Bauchspiess, W. Boksch, E. Holland-Moritz, H.
Launois, R. Pott and D. Wohlleben: in “Valence Fluctua-
tions in Solids” edited - by L. M. Falicov, W. Hanke and M.
B. Maple (North-Holland, Amsterdam, 1981) p. 417.

b B, NE—5H, WEER, FREE, @b & A
H—H#E - X o ProdEss (2000) EIRIAR.

B2

BIERFELCHBDTH S, ERLWL, FBCT-> T
LMRELHI->C, BRICS S LWEREZRVHTF
BRABAREINTOLNEE32 TRV BELOBFEL
Bbhsb,
SEHR
D svEy, U7vew  BFHE (ERNE, 1983) £1
.
2) B. Grieves and D. Dunn: Comp. Phys. Commun. 77, 313
(1993).
3) W. P. Reinhardt: Comp. Phys. Commun. 17, 1 (1979).
4) H. Nakamatsu, H. Adachi and T. Mukoyama: Bull. Inst.
Chem. Res., Kyoto Univ. 72, 45 (1994).
5)  ARIAMEIE, mIL B B 7, 289 (1994).
6) P.W. Langhoff, J. Sims and C. T. Corcoran: Phys. Rev.
A10, 840 (1974).
7) H. Nakamatsu, T. Mukoyama and H. Adachi: J. Chem.
Phys. 95, 3167 (1991).
8) J. C. Slater: The Calculation of Molecular Orbitals (John
Wiley & Sons, New York, 1979) Ch. 7.
9) FIMEIE A 62, 1138 (1993).
10) Bk E: AMSTHEE GREVAITVF T4 7,
‘ r,Eﬁﬁﬁ

”’gﬁﬁﬁoﬁﬁ$mme$?ém

V ﬁ%@ﬁ&fn;ﬁ%%ﬁ%gﬁmﬁmﬁM#ArLu¢,
%, BT L Bcpei A v k- TN, BAYE

nb@fnwaxmﬁﬁ“&@%ﬁ%ﬁ%@b%Aa,ﬁ%

v M, BTYBRT AR

| FREETS, e, ALY REBE LD SW (scat.
- tered Wave) éi i) L < H.: MS (mutlple scatterlng) {f N ﬁ% :

| OBECRIE, EiAS7 SRR LB R

ﬁ?@hﬁ%ﬁ&ﬁ@&%ﬁ%y

%%ﬁuruaﬁma%&*‘f

HEBISCR A ERT B,

*fm,ﬁaﬁ@ﬁoﬁﬁz,@ﬁ%f%ﬁg%?»nﬂ@@ﬁ

3ﬁ¢ﬁﬁ%mg@b1»5@1@6¢ 

; ﬁbkﬁmm%ﬁkﬁa%A_;

%h%ﬁzﬁktﬁ
“%ﬁﬁkﬂbfbéﬁﬁﬁb,ﬁﬁm%;

DV-Xa =® (Dlscrete vanatmnal Xo method)

%%{ﬁ%lﬁ‘”ﬁk‘@%w&i +r, -
TS %“‘)ﬁiﬂdﬁ«%f?ﬁ% EE i, Schrodmger HEA ”
HES TED, EHR ?%‘%ﬁ{t"‘%kbi *ﬁﬂﬁﬂ‘]&iﬁjﬁf o
'ﬁ?ﬁ%ﬂﬁi §}4"LZD ﬁfﬁﬁﬁ%‘}ﬁk bl %, '
iy -v WUD?F’L%UFE‘:’?*:#‘E\ prat @7):
 m,ﬁ%%EkﬁmLk%®m§ﬁmL%&§h,%%ﬂﬁ

fﬁ@ﬁ@@%ibaorﬁbo_ :
SO A, xaﬁrﬁ'

ﬁ@maw%tfﬁﬁw*

EfChD, HEEE

%£ET5%$V@FE17)WL\Q E?'{t ;7‘ //“’11/72)' Em ;
‘ﬁ%@+7//”'#%wbmb,%®¢hﬁﬁ?6ﬁ?ﬁx

f[ﬁﬁﬁfx f

< 01t Roothaan ¥ £ 0R1E JUBIRAE A FURI S RCL 525,

‘&%ha Xa+7//+wuﬁﬁﬂ%ﬁ@%ok%$ﬁk

EBIE BB, ﬁ:&m, SR ¥ &F§§<$x_é%ﬁ‘
Wsﬁjﬁéﬁ%ﬁﬁmz /I«%w .
@%Emo»tm Xa&&ﬁﬁf%%%kﬁﬁm%ﬁmﬁ'

, k%kiﬁ">ﬁ”k< < %Eﬂﬁéﬁoé‘{é‘{@%ﬁﬁﬁth%o



