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 scpgL'nLr.,a paper, . 
rJ-he,

 disc"sstox', si,. t.'hc seeond  -･oi,nt P)
 kas b:cm ajready  glver'/ in o. s･eparaG.[.]a  pL;-:r.i) )'n ahe erc-
                              t /'t

 scfi'. glgp,er. we  rcport  eur  rocent  ana,ys;g  ol 
L.fi.e

 
c.x

 verinicnLts'1 i'csults  ofi  (3) obtin';nesi t'ron'/･ t'Ae vpt:t'.al  eoui-

 fapmctlv:/L'/,r tsnd  the rcle.vant photoe//eL'trfir. 
r.r;cas:.i,ierrtf:nts,

E7,. Ex!ourge'rne"avali

fi ses,ecpt[]

  Sjngl/F, pn?.se(.1. crkrstags  of  )'are-ettrtk tftp.xgbo.ec'tities wcrc

grgw/,'L b'./r s f.i c)de'ting zoec  rrzetla,oti. Tli.c si/ mpie  sur'[ e.c: r'of

t.ke ,r.-/t.lect,{･on gr,eas-remcRt  i,vab"i  y.rfirr:･f- i`.'.}iskc fl inn:Lh cnv-

1･)grviviu/,i.i. t:,rtd atuminu  p.owder,  
7['/t.,:]

 : ±J,r{a(:L  ."/wr 1.n:

,,,acuvLTn  L,ILra.jvt/otet ehotoelee'Lfoi  (V//l'S) rneasuserrient

v"as  c}i,',ancd loy j['.,]{.r.tg woykf. gn am  Li'ttra hg.g.h vacvgrv.  
ny.arn-

pte pfeparat{on charxiber  (<1 × IC' 
"O[r/orr)･

 j/ust bel"c/,c

Lhe  f"eRsucctnei･L  ss tkiat tgte ox'}rs,ei': s()2p' s]gnal  at  t'ine

ji,inalrLg. epeFrgy  of  /ft･ eV  dgsa/Jpeacec,,

b, o'- psca'  itV="S svectresgTe

 keffc('.tt/viLy /'n:.asu'ccftient  was  dcns in a  
'"sicle

 cnergy

wafige.  S //nieV-4()  eV  at 3.0C anci 9 J･<. T}ie. oe.Tserve(i reflec-
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'Lkc  a,ra:tyum  i]1'travisaet  measur",.cl by kn  v.sual  spcc-

in'oseo,,-i£  sysrcTyi  ir, tfte )aboi'atofy usbig  conventionaE

llgitt･ sources  and  decectors. The. crieygy  c･esoEutiop
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}'ig. 1, Optical cond'activity  speetra  of  trkdlent.  rare  eartlL h:xu-
 boride.s alld Si'fiE6 ai. 300 K,

tivity spectrum.  T.he sharp  dip at  2 eV  iii the  es-spect]'am

is a  so-called  
``pla,sma-wlndow''

 whgch  corresponds  to an
onset  uf  aiz, absorptien  due to a  plRsn]on excitatioii  gn a
metal.  The  :,ower energy  part belgw the plasma-window
corTesponds  Zo a  metaiiic  refiectivity,  a s,o-called Drude
refie:tion. 

'The
 plasma-wt/ndow  for alL' trivalen"<B6  was

found at the almost.  satane  eneygy,  This meaiis  teiat tlge
rare-earth  Sd(EU) .state which  forms  the  co]iduction  band
exists  at the almost  sa'rne energy  posig,io]i ncross  the ff;,
Rearly  indepenciently of  the  R  ion. :'he efi'{ictive  electi'on

number  conTi  ributgng  to 1'he conductivity  in LaB6  was  esti-

rnated  to he  alvaost  one  per unit  celli) if we  take  the  eii'ec-

tive mass  of  O.7 ino whjch  is cezzsjstent  with  the bartd
mass  obtained  by  the  dNyA  measurement.`)

  gn t.he g-spectrum  of  X,aB6, eleven  peaks were  resolved.

They are  the A-peak (at 3.5 eV),  B (S.3 eV),  () (6,8 eV),  D

(9,O eV),  E (11,O eV),  F  <'l2.S eV),  t:- (l5.0 eV),  H  (g8.C
eV),  I (21.0 eV),  J (23.5 eV)  and  K  (2S.S cV).  Irhe orggins
of  these pemks were  assigned  as  Fotlows  with  the a,id oi'
the  results  oiny the band ealculatioiz,?) its densgty-of-state
(DOS) spectrum  on  LaBfiS') and  the gelevaiir  UPS  measiire-

ment.

cE;use tlte two  p,')akg shewed  a  graduai red  shift of  O.S -iv!V
'E'rom

 1.a t/o Ho  anti  a dcfirsite bgue shift  only  in SmB6.
SenBfi is 3  home,oie"{:o'tks valenc:e fiuctuating ¢ ompound  in
wLaich  t.he raticli ot' Sm2"  to Sm3 

i'
 is about  4:6, In the

diivalerkt S/m2+ sEa'te,, Sfn il6 gs n  seTni-conductor  and  conse-

qviently the 5d sta'e, whic}･i  is erossing  the Et, in the
tri'vaaeitt SmS F state i/.s pusined up  apart  from the E}, level,
Tl-'tis is thc･ rc:asbn ol' the blv,e shift  seen  in SmB6. Siifnilar
bgi.ie shift. en  th･b' cof, responding  peaks  was  found aaso  in
Y. bB(, which  is f'ura(j'zmentaaEy divaaent, The D  peak  alse

was  ;.･.)ssagned te bc ''.ue to the .same interband transition
wEth  the B  and  ("r pf.zk begasse the  transition  energy  o:i 9
ofv" is' consistent  witln  the  energy  separation  between the
bc,',ron 2s-2.sw sta//-.e ktS S eV  be]ow the EF anci the rare-earth

Ses' (i2,) stnte  ae/ 4 eV  ubeve  the. MJ'F in the DOS  spectrurri  o'f
LaB6.S)

c. (;Pn the jF an/dK  "eak

  As  seen  i.n the figu fe,  the e.ne]'gy  posltion of  the J andi  K

pcak  chans,er}', 1'1iel eaEc  showe,ci  a  large biue shifs as the
rare-･.?arth ion bec"(nes  heavier frorri La  to Ho. We
me:･asurecl  the  IJ 

'S
 spectrum  of  trivaient RB6  t6 know  the

gm.Lial state  ei' t:ie irktt･ erbttnd  transition  corresponding  to
thE' J und  K' pef/,k.
  

T'{g,
 uy'e 2 $h.ows  tbE.t'. energy  stistrib'gtion curves  for LaR6,

D}iB6 in'nd }dioB6 at  t.ke exc;tation  emergy  of  iOO eV.  The
ditta f'or I.aaf, agree  wele  wit]'fi t}ie data by Aono  et ai.6)

iEi La'B6, the  struct-'e  as the binding erkergy  of  O-ie eV
rc'gion below  the, E. nrc  due to the structure  in the DOS
spectrufn  of  t.he bo  .m  2s-2p k)onding and  non-boncting

s'tcn,Sci,. Ire I.,aB6, th(. penk  at E7 eV  corresponds  te the
5.vs/2 core  hoge s/.eate and  the peak  at  19,3 eV  to thc 5pit2
{spin-oTbit doubEet). gn the `:urve  of  DyB6  and  HoB6,  the

two  peak  strLtct  tre  fiue  to the spin-or'bit spEitting  of  the

4,f' cog'e hole state v. /th jts rnultiplet ill the valence  inand
was  resogved  at .",.k.",X and  9.4 cV  for DyB6, and  at 6.2 eV
aii,.di. S).geV for go:,k6 of' w'h.gch  peaks exisz overlapping

w'dth  ihe  baekgreufi,. spectruri/L composed  of' the boron
2s 2g? bondiyig g-ind noan-bonct.ing  state  barely seen  gn
La &. 

'The
 peak  at 23.g t".V  for DyBfi and  at  24.1 eV  for

}1'}B6 stTe the  5.ps]t2 r 'ate.

  .FEgure 3 showo,s  tl e  plotta-g of  the energy  positions of

es. On  the.tl, .'.T.  (I] ancr  .rpeak

  As mentioned  in gl, the overall  electrouic  struciure  of

the vaience  and  the conduction  bafid o'S RBfi are dLt,er-
mined  by the boron network.  Therefore, the peaft of

which  energy  position is almost  insensitive to t/hc sort of

the  R  ion caR  be attributed  to the  intrk-atomgc transition
of  horon  and  to the rare-enrth  5d(g?,,) from the bceron 2s-
2p  bending  state.  According  to the recenz  band  calcula-

tion  on  l.aE6,2'S) the  pealcs in the DOS  spectruruL of  t'he

boren 2s-2p boildkig state distributes at C-1e cV  regiott

and  the Sd at 4-S eV  abe'v'e  the  Ei,. The  all A, E, tl } and  I

peaks are  attr'ibuted to the  intra-atomic gnterband transi-
tion  of  the boron 2s-2p bonding state t.o the boron 2s-2p
antibonding  state,

th.tt:.E..g/yt-tint.Q.l,tt.sE.n.t,s''o'tn",

i1

'

1-'-' 
"'

c/･

1./

r

g

'-"i---r'-i

 

'T'

              It

tttttt1..1

1. .2.

/

'/i

/l---/･--

 ･/-
  lso

]'".--.-.

 ---L".-.

i

b. On  the B, C  andDpeak

  First, the e and  C  peaks  yvet'e  assigned  to be  due  to

the 2s-2p(boron)-5d(rarc-･earth) gnterbanel transit.ien be-

   ) IC
1]'i'udui i'ner,e.'y [lsV')

o

V'iu. 2. Iihot.oeZect//'on //1',cctra et' La'R., (u), DyB6  (b) and  IIoB, (c) at
 300 K, Thick solic{ linc lii cach  curve  shows  the  5p,,,, core  hole peak.
 I'ftin vertic:].lline  shoi,,, ; the  E,, posll.ion.
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 tra or  \bB6  at the excitation  energy  of  3'2 anti 1OO e'V  are

 shown  by  the curves  (b) and  (c), respectively,  in Fig, 5.

 
The

 spectrum  of  LaB6 
's･vhSch

 is a good referenee  sarnp/ie

 to know  the 4f  cona/riburgon  to the 3'.pectrum  gs aaso

 shown  in the curve  (a). Irke ffi, position wEts  cal;'brated  by
 a  usual  way  frgm tlie UPS  spectrum  of' Aw  "rhEch  vvas

 rneasured  Sn tlie same  apparatus,

   The  curve  for LaB6  sho",s  the  DOS  spectrufn  egO the

 boron 2s-2ff bonding and  afitibondang  ,q.tate. The pyofile

 of  the UPS  speetrum  (b) ef  Y. bB6 at t']fte excitation  erkergy

 oiC 32 cV  agrees  weil  with  that of  
't.aB6.

 
',iJhe

 existence  oi"

 the band gap  for the 2s-2p  state  can  be seen  irr the IJPS
 spectruni  of  LaB6 ancl the  ruagnitucte  agi'ees  vvith the

 result  of  the  banct ca}culation  en  LaB6.2'S) 
'This

 fneans

 that  thc borcn 2s-2p  bonding state  does not  ehange  wk/h

 the sort  of  the  rare-earth  gon.

   At  the excitatioll ellergy of  leO eV  which  approaclies

 to the  threshold cnergy  of  the 4d-t#,ftraresition, however,

 the Sntense doublet st.ructure appear･ed  nt She bindiireg

 energy  of  e-3 eV  overlappirig  witla  the 2s-2p  state seell  in

 the eurve  (b), Tlie integise doubget structtEre is due to thg

 spin-orbit  pair with  the mukipiet  stnicture  oi' the core

 hole state in the  as'` coEifiguration  ef  tk.e davaic,nt Yir2" ,
 The iinportant point is the existence  of  the intense struc-
 ture  at the binding energy  of  6-12  e'V'. We  assig/fled  the,//r

 peaks  to be due  to the trivaaent Yb3"' state. I£ sc,  the ratio

 of  Yb3'  to Y. lr2' is about  1:4 from the  ratio  of  the crossec:-
tional areas  of  the two bands. This val.ue  is comparabge
with  that  obtainedi  by  the simirar  way  f'rom the XI,'S data
given by Iga et esl,iO} Iga eg  ag. reported  sgmilar  st-'uctLare ett
the same  energy  region  iai the X'PS spectrllgn  of  be'bB6 a,nd
concguded  that  the strllczure orEginates  frorr} the txistence
of  ±he Y'bi.O] corripounci  which  was  triviagly formed  a.t
the

 surface  due to the samaple  oxgdization.  in our  case,
the sampge  was  prepared  in geod  conditiens  and  we  ciom't
tkink  that the peak  strueture  at  the  6-1O eV  regi･cm  is due
E/o thc  oxidization.  Receiitgy, the same,  structure  was
reported  by Kakizaki  et es2. ivi ".k.e  IJPS  spectrum  ef
YbB6]i) and  they referreci  to the possibilil/}, that such  struc-

i/u.re
 at  the  binding energy  of  6- 1. 2 eV  region  migh.t  be due

to the  surface  Snduced \b3"(t{f'3) st'ate  with  nvaltiplel
structuk'e. Ansther type of  experiment,  for exampge,
Messbauer isonner shift xneasurement  wiEE  be useful  to
cietermine ifthe trivklent YbG"  exist us nn  intrinsic: proper-
ty in YbB6.

  Anyway,  at- present, we  consider  that  the 4.felectren i'ti'!
thc major  dSvaleret state (t4fi` confieuratiofi)  ancg the  5d
eaectron  in tthe rnjm6r  trgvaient state  crossL's  the Ei'F level
and  contributes  to the  rnetallic  egectric resu'stivat]r  as  wcll

k･s the Drude  part of  the  cr-spectrum  of  Ybas6.
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1,'ig. S. The  photoelech'on  sp' ec/tra  ot' YbB6  at  3eOK  at Lhe  exeization

 
ellei',a.y

 of' .: 2 eV  (ij) aBd  1{)C) eV  (c/), g.'or con]parison,  the spectrum  ot'
 LaBe
     at 300 K a/･ the  :/xcitaiion  envrgy  of  32 eV  is show"  also  in the
 curve  (a),

               .'igckemo'vggedigevakeitts

  The  aul/hors  expL.f).ss t'heEr thanks  t.o Dr, K. Soda of  Cel-
lege of  elnginecrin/,/, ot' Unive.rsity oi  Csaka Prefectwre
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