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Photoemission and Inverse photoemission study of Cq, Cr, and K.Cso

Tadahiro Komeda

Texas Instruments, Tsukuba Research and Development Center

Synchrotron - radiation and X - ray photoemission studies of the valence band and inverse

photoemission study of the unoccupied states of condensed phase - pure Cq,C,and K - doped Cy, film

will be discussed.

Cew, Buckminsterfullerene i3 R&ERF 60 fEH
LR BIEFIZE LR b 2 FRF =T
HbH, TOHEEIL6BIRN20M, 5BIRN12H
DO S B2HET, E3ITHy H—K-LDE%:
LT3, b5 & 12D 5 BIRE, HAEHD
6 BIRITK > THEL N B IRFBRD LK IS THIROD
25 X7 —0O—jgE, fullerene DbO—>TH 3,

Co DEFERBER L DHONTE Y, FILE
19854E Kroto 513757 7 A4 b U —H—THR
SETEONYEDORIMT OB 5 2
7 — Ca®FER LTV, HoOWABKDO—D
DERFEr i c hBEDOALTOFEHREOWFHT
H-7cZ LIFERENY, OYEOYIMERIE,
B 5 WIMLE TS O F BRI
N7z D Kratschmer & iz & - T macroscopic 73
BEOD CoDBENREINIHKDOIETHBEY, %
D%, BNAEICET A RERNPIINTY
%9,

{LETEADRAH L WHETIIT T Ref.1 T
WINTWB, HEIX MIBERIMCBSRZ T
T, EROLTNLVIDLIBEIAITETTSE
HoNTNWS, BEEMWRISHAE L TR 52
7 —EOMEFRAIBOTH O EFEINE 2 &
DoEBRE LTHRINTHWS, $/, ZOh
CORILEBRFEANIHAS b INT, Z0D
HSRETE b EATE DY, FE~OISHALE
P e AN AL

LU S, ZOYENKRRRFHINSEER
BEELTRIATEVER, 9774 bzl
SEEHOWETHY, FIEE IS
Fole) SR —=THbHIEND, ZOHEENRI
PR AEEROD 2R TH S, LddbID Co
PR T 2T OHRAT LAY &B%® F—7 Lk
FNCEM S SICHEEERT I ENEAIE N
e HTFIRYELE LTRIEFICE D TARIES
N, 79774 PVERYWEELLTTIVAY &&

— 149

(C) 1991 The Japanese Society for Synchrotron Radiation Research



348

% R=7ULIRTHELNE T.ERITEVIZEV D
DTH b, DWolcWIDH vy H—KR—LNZDX
S KIBIEEAERT A H X LBFAITHY, Tizd
CETERTBEDOMEV S F YA F 4 VI
HEXAED T, 5%L OB ED 5
haEFEan5,

vryabo yEENEROIZETF S
(PES) 4 & OYE OB FHEEIZN T 2 RAHILIER
252 T<N5B, Bihd 5L ICPESTHLN
27 MVIZER R E—- 7 228RL, ¥4
TEYN I 774 WRESTRET,
DFIROYEIZRONBARYT bIVERLUIZ, B
FHARY MVEEOWEIFATEV R 757
74 M EHBEHERTIENDS, TOYEEERT
EEMERDRNCALE DI 5 Z L0 B[RETH b, i
E— 7 EEETRECHRITEOR MM+ &R
THHSALUNEBL, Z2LTTLA)EE%
K= Ul &D7 2 b3 URIVHEDBTIREE
DEALD O BIRED A /1 = X LRI~ A 72
FTIENTE S,
KIEIEEN IRV IRIA = =S &1T
Wotz, YoyoboUiEhteRw: CoDitE
FoREROERERT LI, B NV—T T
Bbhbh T3 Co, ColzoW\WTOHNREFHI
(IPES), EZER b o LERMEE (STM) ORIELER
2N U0, 7. CalBlzT VA &BA =7
L7560 PES EB HHENT %,

x5

Ceo Z¥HE Univ. of Houston, Smalley ##% &
TN—TTEREINIbDTH B, HeH 2%H
100torrizfR - 7o F = W/ —NT, Ksahiz 2&
DIRFEBEZ |ImmEE I S HIAEAEREAR
TT— /MBS, BEMBERIIEEDORE—F
BLXE 5, £D EMICIIERD & 5 $BIFTK
WEINIWD Y v 7 —PREHLTED, 0
VY U —-DOREEC ‘997 MK oo LR
5o FxoN—HNEHIAZDFENEED, ZDOYV

A EAEFE3S (19914

) Uy —DRBIC 997 2ERT AUEEED
£92&LTVWE, 2D “997 FHFFIc LY
ELAHWTHENIEN, 703 b5 712k->TCq
DFRERITHRON TS, Smalleyizk3 &I D
ToH ZADEENF —RA > T, BFEINIRE
JRFH395 47 2S5BS CHESE 9 5 155 fullerene % E
AT BHELDERICE S B> TN B, FTERD
B THEALLEEbN S 5 B, 68RO
2RTTHIIL Y — b SIERNZ 7 =L LTI D &
D ISSARRYIE I TIROFEE AL S 12id, 272 HK
ERTIF4R=Da VIRIIVF-DRBET, Z
DIDITFIDEI Y — FEBBRTT=—I)LT
BZUENDZHELTVD, T DI DHFTHNTINE
TELIBV—H—INBADY A T TRT— 7 K&
WEBbDE DD CoDERBIRIFENE LT
W5,
RBRBOHREHI DV T HZOBEELERS ¢
37 TH3, PESBLIPES, STMoOEEIZIZ
Co DEBHER M7z, E# iz GaAs(110),
InP(110) B2~ &BAHEA VTV 2, Zhid PES
BIFERT -7 OER-N S 5 2 & EEBIFHETF L
NIV TCOREHEINNDIL W20 STM OERINE
S5ThHENHIERIZES, HEdy v 2F
HBWVET > FIKR— McOE I A @EBMNEL
TERESIE 2, A= NOBRERA T T 4 L34
DA —ZIZkoTEZI—INTHH, £500°C
TRBIHEICLIENTESY, FEBTE
iz quartz crystal DEREET & BV AT b EMEL
HEXHERERE= —F 52 & TE I, KB
DFEENTHIT - T 300-400°C TR 2 A+ 4T
o feh, A RXDERSIEKTH DIEHID ML
I Ebbbha -7 I OTr LI
MEhizhotc, BEPESOE—20 5 bia] S5
OBV EAMHETE B,

oo bhovEte, XPSIZ&BPES
¥t B8 F 4y ¢ EE 1z Univ. of Wisconsin SRC
Aladin T 572 CMAAXFHOWAAERBST O

—150—



matk B4EEIS (19914

(eV) C
60

1486.6

Intensity (arb. units)

| 1
20 10 O=HoMo

Energy (eV)

Fig.1. Valence band photoemission spectra for Ce film
with three representative hy. Energies are
refereed to the highest occupied molecular orbital
(HOMO). The bottom curve corresponds to the
density of states calculated with pseudopotential
local - density approximation and shown with
intentional Gaussian broadening. The features
between Er and ~5eV correspond to p,. level,
those between ~5 and ~12 to s-p, character and
those below ~12eV are mainly s character.
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Fig.2 High resolution valence band spectra of Cg film
with hy = 50eV. The results of theoretical
calculation for electron levels at point I of
Brillouin zone are shown at the bottom.The
heights of each line correspond to the degeneracy
of each state. The peak 1 contains 3 and 2
degenerated states, for example.
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Fig.3 The variation of valence band spectra with 40
<hy<100eV. Notice the oscillaton of peak
intensity ratio between peak 1 and 2, and peak 2
and 4 with the variation of hv.
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Fig.4 The plot of the ratio of 1(2)/l(4) as the function of the photon energies 40

<hy<200eV.
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Fig.5 Middle curve cotresponds to the inverse
photoemission spectrum of Ce Wwith the incident
electron energy of 15.25eV. The top and bottom
spectra correspond to the calculated results of
unoccupied states at the I" point (top) and at an
special point (bottom) of the Brillouin zone.
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Fig.6 Comparison of Ce and Cy with photoemission spectroscopy (left) and
inverse photoemission spectroscopy (right). Dashed lines correspond to
Cw and solid lines correspond to Cy. Energies are refereed to HOMO for
photoemission and refereed to LUMO for inverse photoemission.
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Fig.7 Valence band spectra for Ce as the function of K
exposure which is normalized by timed increment.
The bottom corresponds to the occupied states of
the pure fullerene, together with results for the
empty states from inverse photoemission. All
spectra are aligned to the Fermi level. K
incorporation results in the non - rigid band
occupancy of the LUMO derived states. The
metallic state is characterized by the location of E;¢
within the LUMO derived band. Top spectrum
corresponds to the insulating state.
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