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In Penning ionization of high-spin open-shell compounds (M) by collision with an
open-shell triplet He* metastable atomic beam, we have investigated complex electronic
structure and strong He*-M interaction by the collision-energy-resolved/electron-energy-
resolved 2D spectroscopy. We have found that the change of electronic states of deposited
organic molecules (five-memberd hetero cyclic molecules) was started by open-shell alkali
metal atoms with the gradual heating of the metal surface, which was observed by the
collision energy dependence of partial ionization cross sections with the
electron-energy/collision-energy-resolved 2D electron spectroscopy.

SR TEHA
(BREHAT - 1)
[ERESE GiEEREEY & @t
2008  REE 8, 200, 000 2,460, 000 10, 660, 000
2009  fEAEE 3, 300, 000 990, 000 4,290, 000
2010 B 1, 400, 000 420, 000 1, 820, 000
2011 R 1, 300, 000 390, 000 1, 690, 000
2012 R 600, 000 180, 000 780, 000
i &t 14, 800, 000 4, 440, 000 19, 240, 000

WEFESr 8 - B
P& o3 F - #H - BWRBY: R - o0f - BFz1 7 br=s X
F—=U— N JFERERE - B AE Y - ROSEN Y - G - B - HR R —

1. WHFERIR Y I DT 5 BREtv. BFRIOA A & DFAEEM,
ZHVE TG 1O R R 1 O 43 eI JE TROOLYE ORI, SLEEL, #ER 5O
TR A 27 v =7 Mo TE 7o, R (CHEFVEE /A A LR S <o)



HEBLIOMEELSHFIZBWTALS s T
X, FRICK LT, HFMOEWRT ADHE
BEMRR 27— L THWD L, Bl
Bt G & bk - O Bl HERR R 65 O '8 153
MCEHTERNIEOLND, ZO2=—7 7
FetE 2RI L C, BERoOR=r 71 41L&
Ty eiE IR FE m i g OIS CE IR A
WIREICBIT 5 Z ks (B2, R
M - H#9H - BIFF. Chem Rev. 97, 1897(1997)
®mE) . INbHOE#RIE. T, B A A
Vgt T e —7 % T 5T
HDLEF R DN, WERERER LBy
F - [EARFEE & OMEER L, BEHE 22N

ORI A T X 7 A DR AR,

LR ERLEBGBTHEETED L) -
T&7,

REEE OFEAR L KRIFIL, K0 F0O_=
T EBESOSIZ BN T, BBk & b R - O 1%
T RAFXF—R LN ETERETDS
QWITETFHHIEIC L - T, LS FHLE D
EIOMOBRGHERMAT 52 & T, bR
T LT OMIZRETRICE < R (FRE
YER) OEIFHESCEIGDNAKE A F 2 7 A
BT 52 1T > C&E TRV, ERRRE
I INETORREEMD I (FA - KEF,
Int. Rev. Phys. Chem., 26, 93-138(2007)) .
~ U T NUEL FE L R f-He* (2°S) 12 K % 43 1
DOR= v T EMOBEILE B THD |
KRB~ D BBER O ZZM BT ER K E W
72, ZOEBRTIETIE, EF0NRETEEK
DKARFE 2 R B D Z & CTHEZE G D SR

RGMICHET D EHRZGE WD, WICE 2

T2 ORIREE A B L CHEIHT 5 Z & vzE
MOBREZITH) Z SIS LTS, Lz
Do T, ZOFEBRIFEIL, ERIOMLULRNE
AT AEBWT DOk« 72 EBRF
EEFEBRD ) 2, MEERETIEBEZER
LR bnNd ko7 3R EERRT
VYUY NERETHIESZARETHDL, &
DICHFEHE bIX, BEHLERE L S TE %
FFELEMEL, AEERART vy vl e A
A A 5-9 5 4y FHLE  (Dyson®illiE & I
i b) ZEBRERNOFERRET D Z LI
AR L7z (LU - Y « A « KEF, Phys. Rev.
A, 75, 032721(1-8) (2007)) , HGEHE O IX
BT, REWFES1 & R O R 2>o
BEIWRISDNAR T A F 2 7 A% &
AR DR R 1 B — A{EIC L - THLHT %
LRI L, TOREEFETERK LR,
A~V T AFEFO ZEAGEIREE (He*2%S)
DEHTREEEO 1%, B DA
FABRRIC LY, Emk EEOE AR
(BeE) IR IR TH D Z L Th D, £

it FJE O A o miiix, EERRSCE R T
DALFEROER, WA - BB 5 BB R K+
ThHY, A ARk S 7= L2 EREIR 112
L DORIGE, Fmfx LERYE - FER A O
FRICHWS Z ENARETH D Z & NEEIC
MBHILTWDE (2 IEM Onellion &, Phys.
Rev. Lett., 52, 380(1984)), Ziux. X+
RBE LD A ARWE T/ Tk, Kl
i FBREME 2 IR AT GE - 5 = & AR
THdHZ END YL, EFICZ=—T RFIET
bHEEXD,

2. WtoHBY
AWFFCRECHE L TV D 2 &,
(1) A ¥ AmMEhE R 1 £ — APROBA%E
(2)BBRBBEEREZ R L Lo i Ry
A F 7 AL,
() FEDEFREEDLETLOBLI, ThD,
Bz 3JICBE LT, TA B V&R
FOSHRT O ISR TH Y, RiEICH
T DA T L OO BE I B AR
%, AWFFERRE TBHTE T 5 A ¥ L fmimhE R
FE— A& W EZE T R VX — R 2 IR
TER= VT EIETIE. KISR0
MEERICE - TERLET VI NVDA A
MERREICIR R SN D 3 RO A E R
Mo, FORGERICET A EREED 2L
KD, ARIE ORISR T 2 SUSE R - %
KA LRI S ZimE HIREOEL
R, FHRIC X » THE S A ST L DR
DOEALZE FERIBEEZEZ 2N LBHT 5 2
EHLEBDO—oTh D,

3. WOk

BEAF DA 1 A b i B — AR Z A0 L

T, EEEZEEN - LT v =R, BT
TRV X— SR T RV —2 RICBIHIR

AV R = N7 A R SR A B

THERREZITH, — 5T, BBROEEME
KR EOBTHESS, 70V E&RBFEFIZX
> THE SN REMn72 Lo T, &1
TRVF — YR RV X — S R IE L E Sl

(S TR G o/ A S RVA . N7
T AMEEEC T, ST E LRI T
RHMREMZD,

4. WFFERR R

B RIE T 01 D E A IREE /L SO
FEVEICBAMRT D AR A B D 12O, L END
ERTZ2 R W@ A 4 AL E o EE
WAL T, D& D 7 R 7o it 9t 2 BB L
776

R E U 7= & @ W s L= A



STNEBROTVHE Y EBICE > TR
LTCEMEENRESELT HHETEE
DIEIC L > THLMNMZ Lz, AWE=T vl
V&RIFEAITFT RV oA, B UL, UFD
LD 3FEHETHY, ZOHFTIEF MY 7N
BOLBAFBIOEEZR LT WT AU 4
BIRFTHY., PlzIEFA 7201 EF b+
Vo LAFRFOMBAEDLETAE Y T~ —{bn
RINDHZ L, BEr—ygFelF R TUA
DHHEPLETIZE e — LN &S5
ZEERWE Lz, RBFETIE, oiklc &
DAY MATETTEHBELNZLIZS DA
VNG A, BEA A ARG DR Z Y T
S (FBo A A AWriEfE) OmET R L ¥ —
RAFME L WO SRS X A T 2 7 AELR
NH, BIEDIREEZREN L DIZ LT,
iz, VFUARTHLNIEEY Y AT
WCEoTRENTZ T T U TOETHEED
BTk LT &SRR 2 O T 78T
DR Z R LT,

Flo, INFETHEZERERTE—AIC XL
DFEMEA A ACRGE TR S 2% E 1 O
JEDNA4r T < EZE VX — o fEEHNC
R ZEL TWarzd, REOTEEEs
KICTDRERS-T-, T2 T, EFT= /v
X—obree & BROERZHE LR s, A
VR BRI N TE D X ) ICEEEE
2 %78 ERRIIIEE DL R 21T\, EE
FERE DM LA ERT D T &R KT,

A LEEDOREZ AR RER SR
51 & BRI R O UEZ Bk 1 & O A
TERIZBET 215 #R 2G5 7-0I1C, BRIV
X— BT RV X— R 2 RILE o ik
ZiE A L C, ML ERE R T & BCRER A
JEEER DO RNCIEF IR BEAER BN 13725
WTWNWDZ L b EBRERIEAROE G
o LTz, B EEOMIICIZ, 77U —
VEAEE (P3VE) WL Z A, ETEE
N RIZDOWTHHIREEDL Z LN TE T,
Fo. EBREROMITICBWT, A 3HE
A~V ¥ AR & B3GR IER 4RSS R
DHBEAEHART v VEETTIEEICK
S TAT S T205, BERD S VT & 7= B IR BE
VFULRTFEREB ST EDOMAEERET
IWEIE RO A L REETIT-o 7228, ER
THEH SN LS RO EEREZSED 2
EMTERDS T, ZOD, VF U LR
LR RERB S BIIAOMHEAEH R THE
(L E ToT & 2 A, BRAREISKEOREE
FEFNZ L > TR ERBIBMEAEEAN LT
SWVWTWAZ ENHLMNNI T, BIEDE
A, AWFZERERIZ A Y L 3 BEREAY ¥
LIRTDOE RIS AT 7 AZBIT 53k

oy OREERRF O R 2 B DI LB
RNl E T 5TV D,

5. ERRERLE
(BFFEAREEE . WFSC 003 M ONEHERFFE 3 1
X THR)

CdesERm ) BE 7 1)

[1] Naoki Kishimoto, Miku Kimura, and Koichi
Ohno, "Two-Dimensional Penning lonization
Electron Spectroscopy of Open-Shell
Metallocenes: Outer Valence lonic States of
Vanadocene and Nickelocene", J. Phys. Chem. A,
2013, 117, 3025-3033. % it . DOL:
10.1021/jp310308k

[2] Naoki Kishimoto, Andriy Borodin, Takuya
Horio, Masakazu Yamazaki, and Koichi Ohno,
"Two-dimensional Penning lonization Electron
Spectroscopy of CH;l and CH,l, by He*(23S)
Metastable Atoms™, J. Phys. Conf. Ser., 2010, 235,
012014(1-8). T @ A 0V
DOI:10.1088/1742-6596/235/1/012014

[3] S. Kudo, N. Kishimoto, and K. Ohno,
"Collision-energy-resolved metastable impact
electron  spectroscopy of thiophene and
2,2’-bithiophene :Stereodynamics in gas phase
and adsorbed layer on Ag(110)", J. Phys. Conf.
Ser., 2010, 235, 012012(1-8). & #t A V .
DOI:10.1088/1742-6596/235/1/012012

[4] Ryoichi Fukuda, Masahiro Ehara, Hiroshi
Nakatsuji, Naoki Kishimoto, and Koichi Ohno,
"Valence ionized states of iron pentacarbonyl and
n>-cyclopentadienyl cobalt dicarbonyl studied by
symmetry-adapted cluster-configuration
interaction calculation and collision-energy
resolved Penning ionization electron
spectroscopy”, J. Chem. Phys., 2010, 132,
084302(1-12). # &% A Y . DO
10.1063/1.3319778

[5] Naoki Kishimoto and Koichi Ohno,
"Anisotropic Interactions and Valence lonic States
of Dibenzenechromium Observed by
Collision-Energy-Resolved Penning lonization
Electron Spectroscopy with He*(23S) Metastable
Atoms", J. Phys. Conf. Ser, 2009, 185,
012020(1-4). & W A v
DOI:10.1088/1742-6596/185/1/012020

[6] Naoki Kishimoto and Koichi Ohno, "Outer
Valence lonic States of Cr(CO)s and
(n°-CsHs)Co(CO), Observed by Two-dimensional
Penning lonization Electron Spectroscopy", J.
Phys. Chem. A, 2009, 113, 14559-14564. 2
» . DOI: 10.1021/jp9040524




[7] Naoki Kishimoto and Koichi Ohno,
"“Stereodynamics and Outer Valence lonic
States of Ferrocene in Collisional lonization with
a  He*(2%S)  Metastable  Atom by
Two-Dimensional Penning lonization Electron
Spectroscopy”, J. Phys. Chem. A, 2009, 113,
521-526. #HiH Y . DOI: 10.1021/jp805361z

(£ (24 1F)

[1] Naoki Kishimoto, “Valence ionized states of
open-shell and closed-shell organometallic
compounds studied by two-dimensional Penning
ionization electron spectroscopy and ab initio
MO calculations”, International Symposium on
(e, 2e), Double Photoionization and Related
Topics & the 17th International Symposium on
Polarization and Correlation in Electronic and
Atomic Collisions, 2013 4= 8 H 1-3 H, HEHZ%
WEA .

[2] EAER ., SEER, EBRCRIE R
oD £ E Ik SR - 87 22 2 IROLEE 140 06”5
6 [E5y TR Fiames, 2012429 H 20 H. K
HURAE

[3] Naoki Kishimoto, “Collision-energy/electron-
energy-resolved two-dimensional Penning
ionization electron spectroscopy of open-shell
transition metal complexes”, 2nd International
Symposium on Electron Momentum
Spectroscopy, 201248 H 23 H, ~/L¥—[H
AR I A i

[4] FEAER, “HELEREIRF#E2% 2 R
B eE TR 2 B R R o A
T =T NI ERBFROIE”, A E 2R
37 [l 2012 4E 7 A 28 H, EAUBIE KT
[5] AR, THEA, EHBE, “UELZER
R 22 2 IR DL DT DY
BB — A TR O B TS O SE”
H AW B2 58 67 [IAERORE, 2012 4 3 A
27 B, BESpRT

[6] EAEM, THEA, EHBAE, “EARm
WZRELTZT V) &R — Ay FEED
HEZEN R 1 E%2 2 RotE ok, 8 5
[5 7B FRlamas. 2011429 A 23 H, FL#%
[71 EAER. TR, <82 Bk 571
2% 2 LB/ MBI K o ERR E WS 7+
DEFREECONTE”, HAYHERTE 66
[FfERRZ:, 2011 43 H 28 H., HHBKTF
[8] EAMEM, AKFEL, KEA—. “BH®
REBEBEERO 2 R = 71 F 1k
BT, HAWEL -2 2010 FkZFE K42, 2010
9 H 26 H, KIRFFZRF.

[9] FEAER, AFER, KEFA—. “2%T

N= U T A F AMEEA BT K D PHERR
A Z vk SHOEAHEEONIE” 4 [l5T
Blatamas, 201049 A 17 H, KBKF.
[10] N. Kishimoto, M. Kimura, K. Ohno,
“Two-dimensional Penning ionization electron
spectroscopy of open-shell  organometallic
compounds, Ni(nS-C5H5)2 and V(ns-CsHs)z”,
International Conference on Many Particle
Spectroscopy of Atoms, Molecules, Clusters and
Surfaces, 2010 4= 9 H 5 H, L.
[L1])TREA. ARFSSHL, EAER, “FRimick
LT 05 FALG W) O MELE TE i ik I 1l 52
2WITE T ", HAWPLEE 65 [I4EK
2, 200093 H 21 A, LR
[12] Naoki Kishimoto, Sho Kudo, and Koichi
Ohno, “Two-Dimensional Metastable Impact
Electron Spectroscopy of Methyl Halides in Gas
Phase and Adsorbed on Metal Surface by
Collision with He*(2S) Atoms”, International
Workshop on Electron  Spectroscopy for
Gas-phase molecules and solid surface 2009
(IWES), 2009 4 10 A 13 H, /i,
[13] S. Kudo, N. Kishimoto, and K. Ohno,
“Observation of anisotropic interaction between
He* and five-memberd unsaturated heterocyclic
compounds using two-dimensional metastable
impact electron spectroscopy”, International
Workshop on Electron  Spectroscopy for
Gas-phase molecules and solid surface 2009
(IWES), 2009 4= 10 A 13 H, ki,
[14] Sho Kudo, Naoki Kishimoto, and Koichi
Ohno, "Application of 2D metastable impact
electron  spectroscopy to  five-membered
unsaturated heterocyclic compounds for studying
anisotropic interaction with He*" | 1lth
International ~ Conference  on  Electronic
Spectroscopy and Structure(ICESS-11), 2009 £
10 4 8 A, &R
[15] EEAER, LA, “~a oAb x F v
D YL TE R LI 758 2 IRTEE -0 0t A
EHEARRm OB, 5 3 mloFRFR .
2009429 H 24 A, & EKRF.
[16] TJeEFH. FEAERE, KEFA—. “Study of
anisotropic interaction between He* and
thiophene or 2,2'-bithiophene by means of 2D
metastable impact electron spectroscopy”. # 25
FbF SRR, 200946 H 1 H, K&,
[17] LREA. BEAES. KBEFA— “HELE
JhEL -7 52 2 YROTEE 43 EIEIS K AR R
EWRECRE LT A7 2 BLU22-EF
F7 = OB, BT 89 [HIFRFE
2, 200943 A 28 H., HAKZE
[18] Ff&ii, FEAELA, KREPA—. SRR




WA LTI e = Vv %2 b D3RR AR T
D HELZ TE LR 11522 2 IROT 530t A AR
2% 89 IAFZF4FE2, 2009 4 3 H 28 H,
H AR

[19] LHRZREZ. EAEM, KIFN— “HEL
E LR 1822 2 e B Lo 7Y
VHENE DO NARBOS 2 A T2 7 ADH5E” B
AR H 8RR T4 200943 H 28 H |
H AR,

[20] Naoki Kishimoto, Satoshi Maeda, and
Koichi Ohno, "Development of New Techniques
to Study Collisional Reaction Dynamics and
Interaction Potential Energy Surfaces”, The 8th
Asian International Seminar on Atomic and
Molecular Physics(AISAMPS8), 2008 4 11 H 27
H. A=A 7 U 7 E/ S —RI.

[21] Naoki Kishimoto and Koichi Ohno,
"Two-dimensional metastable impact electron
spectroscopy of organic molecules adsorbed on a
metal surface”, The 8th Asian International
Seminar  on Atomic  and Molecular
Physics(AISAMPS), 2008 4 11 H 26 H, A —
A RZ YT EASR—RZ,

[22] Naoki Kishimoto,"Collision-energy-resolved
metastable impact electron spectroscopy of
molecules adsorbed on a metal surface”, The 12th
International Symposium of Stereodynamics of
Chemical Reactions, 2008 4= 10 H 16 H, H[#
R

[23] EAER, KEFA— “HELERERF
H22 2 WL F o B L2 AKeBILE
W IR OREE &SRS F A T2 7 AD
WHFE. 5% 2 Bl FRFEER . 2008 42 9 H
25 H . .

[24] TREA. BEAES. KA ELE
JhEE I - 22 2 IRJTREF- 40 GBI K D RS
WA ROBR T M) U LACHEIN-HE
F LB BRLAE Y OREZRA R 22058 )
28 33 [mIMFFEE. 2008 48 A 5 H., Aty
K

6. HFFERHRE
(D) W iERE
FA B (KISHIMOTO Naoki)
ALK « KPR BLAAZER, - HEHGR
WFgeE 355 60302080

(2) W ge

(3) 1 HEFIE
KE  /A— (OHNO Koichi)
BHEYL e - T = —
W25 2% 5 : 60012499



