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Ion- pair Formation from Superexcited Molecules

Koichiro MITSUKE

Department of Vacuum UV Photoscience, Institute for Molecular Science

Photoexcitation of molecules to highly excited states at energies above ~10 eV is often
accompanied by predissociation into a pair of positive and negative ions. Detecting the
negative ions thus formed provides a sensitive probe to investigate the properties of
superexcited states of Rydberg or valence type lying in the vacuum ultraviolet. Basic
spectroscopic data and cross sections for the ion-pair formation are obtained from

negative-ion efficiency curves. Moreover, a great interest has been taken in the dynamics
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of the ion-pair formation as half-collisional version of the electron transfer reaction. A

novel coincidence technique utilizing the flight-time correlation of an ion pair is also

reviewed.

1. BREIKEOSH

DRTFOFELA A LR TF > ¥ v VL ORI
FIF —EF o ik DR EA- IR EE & T,
ZOREPEOHRICIEU T3 @it sl L
BTE D, )2 FRYREBEBEEFIEVER
FHERD ) 2 FRYPEINEENhTVE HOD
Thd, —h BTFIRISEUIEIINEEINT
W3 OB TIRETH D, 2055 TH
FOBHICR D 4 UTA 4 iSO BETIRE
OWEZF O bDERHIA 4 R EE VWS, &
1 o ORBHEIEIKEIZIREFRED S < BUSHEICET
ZED s, BTRNES T OB o3 MR RIS
RITRCBDL->TW3, T4b5, BICRTX
T, A A AP T AERES L
THEETHA2EN D TR, BEHEES =

A F AL, A A B EFORREDER
REGERIHE LTV B, Zh & OB EIEE1E
g By, Vo RRYIRKE, EhE R
B, A4 HNREEXUZENS LHEEHT 51
I ALREIZOWT, BF oy vy L RLF—ih
il & 2 {RIBRH O BT 1S & % 55k & PR 5 T
D oFE LT 2 08B 5,

BEEREOUEI R L (R TV S
D3, HEFONEEE ZDEELEIEENFRE L
KR TH B, ChE T, XWINE S 41t
HEMrE (14 A=) | EAEE
Forlt: (854 A AALrimmfihis) |, Siehhie
i, BEEEEELS &0, SHSHELERTFL
DRBEINFRLINTE, TOT &}, T
EAEROBEVETFRRREIC S &, EiE

(C) 1994 The Japanese Society for Synchrotron Radiation Research



310

A NG, REEHTITINE L, WEERERTHY
OREEREECHITL, ZODObHEE( A /LP
BRI bR o B, UErg i s L,
ZETHT ABC (A, B, CIREFEETE
(RT) ONBHEICE] EHN TR 554 O
BERIKD LS ERAF — L TEINS,

WEX BTEHE4S  (19944F)
A
1 (hm | B REEE TR RE
------ 1 ABCt e ABC"* (R) BFe9EE V(R)
] +€ ; o
~ ° HOMO i 2
° EhL [ =2n|VR)l
= < =Wh
L
> 7 =z
DRERTFRE 14 V3fHkE
€eommnn -1 o N - —— >
ABC™' (V)|~ v(n) ABC  (IP)
PV v P
EEHRE
Fig.1 Elementary reactions involving superexcited states ABC' and an
ionization state ABC* + e". Interaction between any two states can be
represented universally by the electronic coupling V(R).
<—:photoionization, autoionization, <——:photodissociation, predi-
ssociation;<-----—: dissociation into a pair of positive and negative ions
(ion- pair formation); <- - -: dissociative recombination <-—--- :Penning
ionization, collisional electron transfer; <---+: ion-ion mutual neutraliza-
tion.
REEDOEIHERE (T RIVF—HHBE) Mo T ABC + hy— ABC**— ABC" + ¢~ (la)
BIFITES>TVWB I EDIEE L > TS, ¥, — AB'+C (1b)
A A LD EFHIRE O I BERHICFET 5 O - AB'+C (1c)
T, EEEORICETRRE L TEBA A LT —ABC' **—ABC" +e” etc.
%, F1z, HAMOMETIES W EHETH (1d)
FOREADEFIE D, PERER A A A EEE LT
W (Fr ) DBEITO S, BEHAI 2. Ua FAURE
id, R RLF —DEFOE TR ILF I B U A2 D, 1204 4 ALRRICING

T5—HD Y 2 KFRNYREOES%E Y 2 KXY K
Fl& k8 EARDFTH200nm & DIGFEDE
ZERAEERTIE L A EHIAILC Y 2 XY RFID
BRlsh s, mEERELAEEL LT Va
KRR DIREEDFHE T R VF —Er &, ZDA A %
EHRRT B DITHEIE T RNF —Ip (4 A LR T
v b)) ORNTIZIRDBIEN® 5,

szlp“ER=R/(np“6)2 (2)



WAk BTEHEA4S (19945)

ZIZTRIZY 2 RRNUEH, nldFETFHTH 5,
OxBFREBEEVY, Ja KFRYEFNSLAIA
A D IEBR OEREEII LTV S, ZDfE
HERDTTO sPUETROAREL, p, dPuBEEI
BIPEVNE IR B, i, REDY 2 KRNV FH
FIOHTIE S DEIZIZIFHE L85, T, 3 TEE
(term value) FEIEHN, Y o FRNJIREED A A AL
RF Vv VIZELV, FUY 2 FRY BBl
a5, TddbeE b EEFHNEDOMEBETH
BIZNBEINTOONMZHEDEFELRIVI &
PHISENT WS,

— iz, A ORRIREBIZING T 5 Y 2 X
JIREEZBTFHEB A A LA RIS, D&
&, BESEIRIE G 25 A A ALEUIRAE g ~DE
BATHIERV(R) =<¢g | H | §>DBFRHESI
AT 20, BFRONININZT Y HOPTIE,
REHE SN 2BEF LA A MLENBZBFDOI —10
VIRFEEL/ r . NEETH D, BEA A AR
BWIND 2R MVET & V(R) DORJiZiE

r=2z|V(R)|?=2r|(¢s|H|$)|* (3

DOREEN D B, Fiz, V (R) OLRIERE RKFM:
RIRENFBIRAH D 7 s R T/NE L, Liedd
TAF v O|EDMIE 75> 73> KVEF TR
EXxNb, Wb, BHEDY o KXY RF|OHRT
&, A A ALHIBHEROTERERD TN /35
A =7 qDEF N KL T—ETH D, ZDH
B, V) a KRVBEOBFHMDLEN D ZEET
g, T (np— 8) 2 ITiFIEEHId 2 2 & HEHA
T&5,

F7, PlAiEn—6=10TT,=136meV &/
SV ENLHBBETELLIIZ, Bn%ERD
) 2 RRJIREEG A 7 U OIRBIREIRE T b BE)
A A ALERITAREMDN S 2, 2IRFHT DL
B, IV IRBIBAE) A 4 ALOHERITIRE)E
FHOELA v 1D EZIZRbELED, Av®
K& 122 ITEN THREGIBRICED T 2 Z &8

311

HRIITRShTO 3,

3. EAFVEBAFVADREE (1 F
X3 H k)

A A XA (1) BETAREEERZ O—> 125
HINBER&EDDTH B0, BEZIREDS 1+
1y I REFNRDB LWV BlED Sl HIT ORI F
¥ URIEVZ B, WERS, PHEAORELS
BITHAT, &r 20 $EENHT L TR
TELRTEBANEILGTH S, 2L, EA4A
RO THREDA A ALBE (1a) LXBIY
BIENELVDT, BAFVOESERAE LR
TR 5780, 1960 FERDE RN EFTER D
RIS, 2IRFHTF 5081 A4 U RIBOHR
FEBIH - 727,

ZRIX LT, ZRFAFIBALTE, Faco
FAERIIWIFIC & > T, & CEETH - IERN
blebIni" P, INFTERINTEBE
TEEREESICBETLROL T LD ONS,
(VR LIZRT &5, EOBTHINEESRF
REUEFETHTIZEOING A A T
AT,

2)A A UxIfREECTER LB A A O%hERiR %
MES 52 T, MDOFEETIIERRIHREE 2 i
BREEIAEE BRI T X 5,

(3)1 A Bl ZAE & ISR AR L BT BN
JERA A S BEES RS OB RS I g
b0 LIcdd»>T, BA 4 VRBERIEEN S
LORIED T A F 3 v 7 AT OWTEERLH RN
Bong (BFvyv )bl —HEOERLAS
FEILE),

QRIDRIZOVWTHIET 5 &, Fx OMEIOF
IRIVF -SRI BN (BT
FCIRRERRIEE A A TN T 5 U 2 KXY JREEK
E) DoDAF URAERMGEREI N TSNS
EWND T EDhh - TE I, EBRIZ, IhE TR
IR A A ALSHERBAR D & 1 FIBUAEE U A -
TR DIREED B A &~ DSIREHR FIc RS X



312

WA BTEFELS (1994%)
Table 1 lon pairs produced by VUV photoexcitation of various molecules.

molecule “ion pair " peak energy” photodissociation photoabsorption
E E - (V) ; cross section(Mb) | ‘cr;bsss,ekc‘:tion(Mb)

Q; 0 0 - 1731 02 e d b pis s 95

N0 O NS 18.56 @2s-s)x10* | 4

ocs | s co 184 2x10° | 46

. o L sa 2x10° | 46
o, | 0oco ¢ 230 . 4x107 . 34
"t/SF',';Z o PR oR = E 143 G T XklO"‘”ﬁ T T 3e |
CF, ¢ L CE 139 ixiot ol de
- S0: | 0 so" ez Zexior by
CH, | BHCH: | 189 2x10”° .68
JCH o HeH: | &7 2x10° 100
nCH. | HnCH | 181 2xi10° 0 1 130

iso-CH, | Hiso-CH; | 204 2xi0
neo-CHu| H neo-CHi| 200 7x10 130

® the maximum intensity position in the negative-ion efficiency curve.
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Fig.2 Schematic diagram of the apparatus for mea-
suring the photodissociation efficiency curve of
negative ions produced by ion - pair formation.
(@)Top view of the molecular beam production
system, ionization region, ion optics, and mass
spectrometer, and (b)side view of the appa-
ratus including monochromator and mirror
system. @ normal incidence monochromator
with 3- m focal length; @ mirrors; @) entrance
and exit slits; @ beam expansion chamber; &
ionization chamber; ® detection chamber; @
sonic nozzle; ® conical skimmer: @ ionization
cell, @ ion lenses; @ deflectors; @ quad-
rupole mass filter; @ channel electron multi-
plier; @ photon detector; @ mirror chamber.
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Fig.3 Photodissociation efficiency curves for the ion -

pair formation from O in the energy region of
20 - 25eV. Produced negative ions are ex-
tracted perpendicularly (——) or parallel (~—--)
to the electric vector of the linearly polarized
light. The measurement in the perpendicular
direction is performed by using positive ion -
negative ion coincidence technique as de-
scribed in Section 9.2 (see Fig.20). Vertical
lines indicate the thermochemical threshold for
the formation of 0" (*P.) + O*(*D,) and O~ {*P,) +
O (*P.) and the Rydberg series 0," (ns 0,
and nd 0, %, converging to 0;*(¢ ‘2,).
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Fig.4 Photodissociation efficiency curve of O~ pro-
duced from CO. Regions containing the vibra-
tional progressions for two — electron — excited
ionic states are indicated.
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Fig.5 Photodissociation efficiency curve of O~ pro-
duced from NO. The adiabatic ionization
potentials for NO* (C, B’) are indicated.
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Fig.6 Photodissociation efficiency curve of O~ pro-
duced from N:O near the adiabatic ionization
potential for N,O* (A *L"). The spectrum is
taken at a wavelength resolution (FWHM) of
0.8 A and wavelength intervals of 0.5 A .
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Fig.7 Photodissociation efficiency curve of O~ pro-
duced from N:O near the adiabatic ionization
potential for N.O* (C *L"). The spectrum is
taken at a wavelength resolution (FWHM) of
0.8A and wavelength intervals of 0.5A.
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Fig.8 Photodissociation efficiency curves of S and
O produced from OCS taken at a wavelength
resolution (FWHM) of 0.8A and wavelength
intervals of 1A. Vertical lines indicate the
adiabatic ionization potentials for the vibrational
ground states of OCS* (B and C ) and the
thermochemical thresholds for the formation of

S™(P.) +CO" (X, A, and B), O™ (*P.,) +CS"(X,
A,and B), S (*P) +C*(*P.) + O(*P,), and O~
(*P.) + C(*Py) + S*(“S.).
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Fig.9 Orbital correlation diagrams between (a) OCS and S™(*P,) + CO*(X L")
and (b) OCS and O~ (?P.) + CS* (X T"). The approximate electron
binding energies for occupied and vacant orbitals are taken from data of
photoelectron spectra and results of ab initio calculations, respectively.
\/'ftqﬁﬂé\ (4b2>—1’ (»7611)—1Y (Zbl)alé‘:l&ﬁ&ﬁq% .........  haddadian e  ARAARAALAS I;‘('z";.;l:'c';): ........... preeTTeTY
) 2 KXY REEL BbN B B~ ) DEHAFLET 2o 7 from 002 , : ,
BITORS, BI2ISRT 4o0RBOT /Ly f T ¥ o0}
\ N st ¢ B
Y2 Y PI~P4RWIE LT, PLOEEEIE 740- 2| o'+c+o*1 1
970cm™ T Y SO, (D)) OXTMIHHRE v, © 3|
St
20 IERTIMEA S TRIEERT AN T F6
5, 7ai—>5sa)'Ar ) = RRVIRREICHRT 5 &3
......... | FYTTYTTOTY PYPYUTTIV FUTTUTTTY] FYTTTTITRY FRUTUTLAVE APTTVITH AT
ZoNb, Ssa PLE~DERII T 2 IHME 350 400 450 500 550 600, 650 700 750

1.62eVERD SN, Sze b OE L7z 1.76eViC
FIEFHELV, BRICLT, P2& P3IIZENZEN Ta,
—6sa;, Ta;—>8saREED v, 7u /Ly a3 ic
JRIB I N5, Erickson 513 838-812 A DHIPHT
SO; DA A ALEhZRAKR E1Z 7a,—3d & 2b,—>
4p DY 2 FNPIREERB LY, IhoDbE—
713 0" ORI BRI TV &0 b,
7a,—> nsa \ZHANTHEA A4 bzt 5 Fmovk
WEFEINS,

7. BafNR{bIkE
7.1 AHy

BA A OB EERICIE, BEEEIRED R
T2y VHIRR D ALE RTIR S T <, HBHUR
EBHIZBT B ORT v v v LADIEREGER I

Photon Wavelength / A

Fig.10 Photodissociation efficiency curve of O°
produced from CO. taken at a wavelength
resolution (FWHM) of 0.8A and wavelength
intervals of 1A. Vertical lines indicate the
adiabatic ionization potentials for the vibra-
tional ground states of CO ' (B and C) and the
thermochemical thresholds for the formation
of 0" (*P,) + CO*(X,A,and B), O (°P.) + C*
(®P.) + O(°P,), and O (*P.) + C(°P,) + O'('S.).
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Fig.11  Photodissociation efficiency curve of O~ produced from SO, taken at a
wavelength resolution (FWHM) of 0.8A and wavelength intervals of
1A. Vertical lines indicate the adiabatic ionization potentials for SO ~(C
’B., D*As, and E*®B) and the thermochemical thresholds for the
possible ion- pair channels.
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Fig.12 Photodissociation efficiency curve of O produced from SO . taken at a
wavelength resolution (FWHM) of 0.8A and wavelength intervals of
0.5A. The adiabatic ionization potentials for SO (C?B, D ?A,and E
B,) are indicated.
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Fig.13 Photodissociation efficiency curve of H°
produced from CH, The adiabatic ionization
potentials for CH#(X *T;and A A)) and the
appearance potential for the formation -of
CHs" (X 'AY)+ H(?S,) + e are indicated.
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Fig.14 Photodissociation efficiency curve of H”
produced from C.Hs. The vertical ionization
potentials of C:Hs are indicated by long lines
with symmetry of the orbital from which an
electron is removed. Short lines designate the
excitation energies for the Rydberg states
converging to C;H¢". The final Rydberg orbitals
of s or p- type are specified above the lines.
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Fig.15 Photodissociation efficiency curve of H~
produced from C;Hs:. The vertical ionization
potentials of CsHs are indicated by long lines
with symmetry of the orbital from which an
electron is removed. Short lines designate the
excitation energies for the Rydberg states
converging to CsHs". The final Rydberg orbitals
of s- or p- type are specified above the lines.
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Fig.16 Photodissociation efficiency curve of H-
produced from neo - CsHi.. The vertical ioniza-
tion potentials of neo~ CsHi. are indicated by
long lines with symmetry of the orbital from
which an electron is removed. Short lines
designate the excitation energies for the
Rydberg states converging to neo - CsH.".
The final Rydberg orbitals os s- or p— type are
specified above the lines. The strong peak at
19.97 eV is considered to arise from 2t, —> ¢
transitions.
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Fig.17 Schematic representation of the effective
potential acting on an excited electron of SFe.
Broken lines indicate vacant virtual orbitals,
and full lines occupied valence orbitals.
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Fig.18 Comparison among (a) photodissociation

efficiency curve of F~ produced from SFs (Ref.
13), (b) photoabsorption cross section curves
(Refs. 35, 39, 40), and (c¢) high resolution
electron energy loss spectrum (Ref. 41). The
F~ curve is taken at a wavelength resolution
(;\WHM) of 0.8A and wavelength intervals of
1A.
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Table 2 Summary of the observed features in the F~ photodissociation efficiency curve of SF¢ (Ref. 13),
photoabsorption spectrum of SF (Ref. 40), and electron energy loss spectrum of SF (Ref. 41).
Photon energies and term values for transitions to the virtual orbitals are in eV.
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2The energies for features F1 - F9 are estimated from the peak maximum positions in the F~ efficiency curve.

®Calculated by using eq. (2) in the text. The vertical ionization potentials for the ionic states of SF; are taken
from the He | and He Il photoelectron spectra reported by other workers (Ref. 42).

“from Refs. 40 and 41. These features are not observed in the F~ efficiency curve.
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Fig.19 Photodissociation efficiency curve of F~
produced from CF. taken at a wavelength
resolution (FWHM) of 0.8A. Wavelength inter-
vals are 0.5A at 480 - 750A or 1A at the other
regions. The adiabatic and vertical ionization
potentials for the five lowest ionic states of
CF, are indicated by the dashed lines with
marks A and V, respectively. The thermo-
chemical threshold for the formation of F(?P,)
+ CFs*(X 'Ay) is also indicated.
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Fig.20 Schematic diagram of the time - of - flight mass spectrometers and
data acquisition system for coincidence spectroscopy. NS: nozzle
source; SK: conical skimmer; PR: photoexcitation region; PB:
monochromatized photon beam; PD: photon detector; G1- G5: grids;
CA: capillary array plate; FT- : flight tube for positive ions; FTu; flight
tube for negative ions; MCP-: microchannel plates for positive -ion
detection; MCPy: microchannel plates for negative -ion detection;
PREAMP: pre -amplifier; AMP: main -amplifier; DISC discriminator;
TAC: time -to -amplitude converter; DELAY: delay circuit; MCA:
multichannel analayzer; PG: pulse generator; HPAMP: high- speed

power amplifier.
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Fig.21 Coincidence spectra of O* and O~ produced

from O, measured at three photon wave-
lengths. A wavelength resolution (FWHM) is
set at 0.8A. The thermochemical threshold for
the lowest ion- pair formation channel, O™ (?P.)
+0%(“S,), is 17.272eV (717.81A).
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Fig.22 Coincidence spectra of ion pairs produced
from N.O measured at a wavelength reso-
lution (FWHM) of 0.8A. The two - and three -
body dissociation processes are denoted by
O + N and O™ + N, respectively. The
thermochemical threshold for the formation of
0" (*P.) + N*(*P)) + N(‘S,) is 24.48 eV (506.5
A).
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Fig.23 Photodissociation efficiency curves for the

ion— pair formation from NO. (a) the two- body
dissociation N.O +h v — O~ +N;* and (b) the
three - body dissociation N.O +hy — O™+ N*
+N. The positions of the vertical ionization
potentials for multiple — electron excited states
are indicated by vertical lines and Roman
numerals.



326

DOHBRIZIREED 53 EF 1L & B IS 25
BE€292T, NFEEOBEEMENILITELT
WCHDEHHEL TV S,

A TR DO KER I IREE TEARF D/
PRI BHIE, RERETO SRS, B
FE KEOHARE=E T L OHFRHEICL S b
DTHb, £l, EAA VEAA VEIFFHIED
R D TREMFFOSHERE L, REBHS
KoBic&3bDTH 3, LI LOHEHFLES
K 'UVSORHERD A Y v 7DFH 2 LT, &
WOEARIAT 5,

ik

1) FER, BARE— BAYEFERIE 45, 87 (1990).

2) J. Berkowitz: Photoabsorption, Photoionization and
Photoelectron Spectroscopy (Academic, New York,
1979).

3) M. B. Robin: Higher Excited States of Polyatomic
Molecules (Academic, New York, 1985) Vol. 3.

4) 1. Nenner and J. A. Beswick: Handbook on Synchrotron
Radiation, ed. G. V. Marr (North-Holland, Amsterdam,
1987) Vol. IL.

S) NBEHEZE) SR 11 ST OILF,
HHR AR =40 (FEIZHIRR, 1987) 105

6) KK HASEFR WES Y —X24 Y70
b o VB - b O B BERTH, TR
TRIFEE HOPERM (R v & —, 1991) 3%

7) V. H. Dibeler and J. A. Walker: J. Opt. Soc. Am. 57,
1007 (1967).

8) P. M. Dehmer and W. A. Chupka: J. Chem. Phys. 62,
4525 (1975).

9) W. A. Chupka, P. M. Dehmer, and W. T. Jivery: J.
Chem. Phys. 63, 3929 (1975).

10) H. Oertel, H. Schenk, and H. Baumgartel: Chem. Phys.
46, 251 (1980).

11) K. Mitsuke, S. Suzuki, T. Imamura, and I. Koyano:
J. Chem. Phys. 92, 6556 (1990).

12) K. Mitsuke, S. Suzuki, T. Imamura, and [. Koyano:
J. Chem. Phys. 93, 1710 (1990).

13) K. Mitsuke, S. Suzuki, T. Imamura, and I. Koyano:
J. Chem. Phys. 93, 8717 (1990).

14) K. Mitsuke, S. Suzuki, T. Imamura, and 1. Koyano:
J. Chem. Phys. 94, 6003 (1991).

15) K. Mitsuke, S. Suzuki, T. Imamura, and I. Koyano:
J. Chem. Phys. 95, 2398 (1991).

16) S. Suzuki, K. Mitsuke, T. Imamura, and I. Koyano:
J. Chem. Phys. 96, 7500 (1992).

17) K. Mitsuke, S. Suzuki, T. Imamura, and [. Koyano:

A ETEFELS  (19945F)

Org. Mass Spectrom. 28, 335 (1993).

18) K. Mitsuke, H. Hattori, and H. Yoshida: J. Chem. Phys.
99, 6642 (1993).

19) K. Mitsuke, H. Yoshida, and H. Hattori: Z. Phys. D 27,
267 (1993).

20) H. Yoshida and K. Mitsuke: J. Chem. Phys. 100, 8817
(1994).

21) L. Asbrink, C. Fridh, E. Lindholm, and K. Codling:
Phys. Scr. 10, 183 (1974).

22) K. Codling and A. W. Potts: J. Phys. B 7, 163 (1974).

23) B. Narayana and W. C. Price: J. Phys. B 5, 1784 (1972).

24) P. M. Guyon, T. Baer, and 1. Nenner: J. Chem. Phys. 78,
3665 (1983).

25) L. C. Lee, R. W. Carlson, D. L. Judge, and M. Ogawa:
J. Quant. Spectrosc. Radiat. Transfer 13, 1023 (1973).

26) J. Berkowitz and J. H. D. Eland: J. Chem. Phys. 67,
2740 (1977).

27) P. M. Guyon and 1. Nenner: Appl. Opt. 19, 4068 (1980).

28) U. Fano: Phys. Rev. 124, 1866 (1961): U. Fano and J.
W. Cooper: ibid. A 137, 1364 (1965).

29) LT BRI R ek Y —X24 07
o b o U EEALEAN O BRI, TIRE RS
HEPERE « FHOFERGE GFaHlRe v ¥ —, 1991) SE.

30) C. Y. R. Wu and D. L. Judge: J. Chem. Phys. 74, 3804
(1981).

31) J. Erickson and C. Y. Ng: J. Chem. Phys. 75, 1650
(1981).

32) K. H. Sze, C. E. Brion, X. M. Tong, and J. M. Li: Chem.
Phys. 115, 433 (1987).

33) L. Wang, Y. T. Lee, and D. A. Shirley: J. Chem. Phys.
87,2489 (1987).

34) P. Plessis, P. Marmet, and R. Dutil: J. Phys. B 16, 1283
(1983).

35) L. C. Lee, E. Phillips, and D. L. Judge: J. Chem. Phys.
67, 1237 (1977).

36) E. E. Koch, V. Saile, and N. Schwentner: Chem. Phys.
Lett. 33, 322 (1975).

37) E. Lindholm and J. Li: J. Phys. Chem. 92, 1731 (1988).

38) J. L. Dehmer: J. Chem. Phys. 56, 4496 (1972).

39) D. Blechschmidt, R. Haensel, E. E. Koch, U. Nielsen,
and T. Sagawa: Chem. Phys. Lett. 14, 33 (1972).

40) M. Sasanuma, E. Ishiguro, H. Masuko, Y. Morioka, and
M. Nakamura: J. Phys. B 11, 3655 (1978).

41) K. H. Sze and C. E. Brion: Chem. Phys. 140, 439
(1990).

42) L. Karlsson, L. Mattsson, R. Jadrny, T. Bergmark, and
K. Siegbahn: Phys. Scr. 14, 230 (1976).

43) W. R. Harshbarger, M. B. Robin, and E. N. Lassettre: J.
Electron Spectrosc. Relat. Phenom. 1, 319 (1972 /1973).

44) N. Washida, M. Suto, S. Nagase, U. Nagashima, and K.
Morokuma: J. Chem. Phys. 78, 1025 (1983).

45) L. C. Lee, X. Wang, and M. Suto: J. Chem. Phys. 85,
6294 (1986).



WA BTEE4S (19945

327

=2 1 5 9k 3
ghup=~&
T AR R B4 * 1t

thiE sy 14 A4 v Ok g FEEo L&, T
hbiaoRT vy VHIRE b L &I, AR
IANF—DE ORBRRIENIVIZ LI D LT
DFHREER T b 5. T OBIRE R
EWES, 1o & AT, HASHEIRNEL B 2 EHREEE - B0
THIOMBEERE & BBMEEER L TVWA LT 5, &
DEE, AP FLF-IRT Ly LRES 200
BHREOHNFEAE U THNITBRIRER) O X
VF—ZET L, RAHERED O IR IE~EE 1T
LTEOE BT 2 8HH BT T 3. ZhlAAD
HKikE LT, BH—ORIE— FORENET > /- &
iz, WIST 2 RMEREEICHE > THRET SiICid =Rl
F-DBRELTVRLELTSH, R AVF—DFS
BCIZ & » THIDREIE — FAGhE S h 2 OBEEIZR -
T RRBEAYES - 2 ATREMEAZE A S B,

SFO 2 BTHEHERIE F fo 13RO IE T PR ET
HShEE U iR MBIE, 1 A& ALOB TR EO i
BEMUMIC T 2, LT, 10°-10%D5 b
KEBFMBEERILL > THFr BTN ERT
AA AMDE B, ThEABA A AMEE R, BB
A4 ALREERAKRTHTERE L & & 0%kE
BELTHENBERRTHY, KBRS 1 A4 Ak
SheRhi bicEEEA A4 AL R IBIZE 1L - oG
e LTBRENS, S6i, REHEEEEZLND
NOXBTFARS bAEMETHIE, BEHEA A b
By A ALEHBIXRIL, ERT S A4 R
WRES 1 2R L TS5 9 5 iR R 7 >~
Y NI RNF—HREHET S EBTSE 5,



