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Electric charges, surface concentrations, and the dynamic behaviours of Cs, Re, and O on sell-
supported disk surface of Cs and Re-doped silver powder during the operation of Oz-Jet under UHV
were examined using XPS. Pile-up and creep-in of doped clements, in analogy with O, were observed

with heating and cooling of the sample, respectively,

A drastic shift of Re 4{r2 spectrum of 46,7

(Re™) to 40.9eV (Re% took place when the sample was heated at 110 to 210°C, while Cs3dse
only lay in the range of 724. 8~725. 2eV. Conspicuous transient responses to Oz-Jet were exhibited by
the sample heated at 210°C ; with increasing exposure time, the binding energy of Re 4fvz rapidly

shifted from 40,9 (Re?) to 45.3eV (Re®"),
gradually became a twin peak of 530,

Cs8dse did so from 725.2 to 724.6eV,
5 and 528.9eV., of which composition of five core spectra

and O 1ls

obtained by deconvolution was varied vigerously., The O 1s core spectrum of 528.8 eV assigned to
oxydic oxygen and C3:0 was found only during the operation of OzJet at 210°C.
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Table I Operation condition of ESCA 5100
X-ray source MgKea (1253.6eV, 15LkeV x20mA)
Take off angle 54.7°
Pass energy 35. M6 eV
Scan speed 50 ms/step
Step width 0.05eV/step
Resolution FWHM of Ag3dss 1.1eV+0.1eV
Analytical area 4310 mm?
Work function 4,6~4.7TeV
Background pressure 1~3x 107¢ Pa
Acquisition time 3~b min/element
Sample temperature room temp, ~483 K
Operation pressure of O Jet B~6x 1075 Pa
Calibration Cu2pse=032.4eV, Culdpse=T49eV
Audirs=283.8eV, C1ls=284.6¢V
i1, B LURMETHHM Table 2 12, &< Fad

Vg VR LS E 2 s T e B3 B Op-Tet
BEAEEL, 110 Pall FTOBRA A CHEHER L&
NTWVAEHO in situ MPENTHETH 2, BRITED
VEORENFTE= 2 — Ui, MR wr s 7
L AEWIECEX T, REEEIE CA #ENES
W oRc FEF S TE L i, Art Ay 2 ) v
3 Ar B 1x107%Pa, 3kV, 5 22— TTi-%, A
<& b deconvolution ¥ X UFETFHEOFL O
&1 shirley background $EIEZTTU, MR R
EOEE TR SO OB A SR L THREE R T
%4 Perkin-Elmer Co. OHFRMAML 722, Cs, Re ¥
InsEElE, AgNOs (BFEbAE, 00.99%) 208/ AgO
WArERO CaNOs {(FHbE, 8, Re:Or (Nilaco
Co., 99.9%) OUKIFHEA-SE, ZEFEEE, F60°C ki
B THER L foe £ D 60~160 X v ¥ = OIS
#HE 200 mg % 18mmg F 4 A7 600 kgrem G T
MERBLT 25— EfEYD, 400°C, 3h ORFEEREC
BIGRETES v — 7K v o A TERGIZ I T S
WA LY (3R REIE L T d), i,
Cs, Re OBINEN Ag oL 1000 ppm &L jz, a7
3 SRR T A Sy b AR ENHICT SO THML
T, Ar, O He WO SIS REZOEE
AL 2,

3. EEEAE

BE L ER A S TR TH O 23T OREET,
WOV AT TE Agddse OERTFF—
(BE) 13 368.1+0.1eV, 8 (FWHM) i3 1.1eV
THRETH 1. Cls O BE % 284.6+0.LeV KH -
T AR RS T h B2, BEOEIT L R EFEEA
TT&T, SPETARORTIETHEL Cs/Re/OfAg
i3 11/0.2/23/66 T& - F2, Re \tik~ Cs 2 ODEME
EBEITKE L, BEh o8 BE i, FWHM

TR Fig, 1 Rl i,
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Redfre BLO Cs3ds2 @ BE 5N EN 46.8,
724.6eV T, SARIOEEG Art Astw X ) VIS
BE [ Z i3 iidod, Ols @ BE & 532.3eV T
T E -7, C@ Art A28y &) ¥4 T Cs, Re, O
OFEEPETRD L feds, OB OTHEETS -7

3.2 O-Jet /EByho XPS AT (BREME)

Art A%y 235, B~6x10T5Pa @ Op H AW 41
(Op-Jet FEEH 22T 1054087 - 2243, Cs8dspe,
Redfre @ BEEIZE L AFEMNEST, Olshi0.3eV
& BE iz 7 b L7, Co O OFEMPETILET-DR
hodg & AR L 7.

3.3 110 & LU 210°C InEER

Cs-Re-Ag 54 110, 210C LT E L &0
EERETHONICALS Pk EN TN Fig. 1Dcd
TR o, 110°C TiF, Csddsp 3 725.0eV i, Ols

M BE BAMTA2s P ABEOHBPEL KL,
B 20CIEET AL, Redlie 13 46. 7,5 40,9
eV ~Kigizy 7 bU, BAREARBEIRIBEE L AR L T,
Cs3dse, Ols 22N 785.2, 531.8eV [ZHIIL
fro 70d5, FAMEITBVTIE Re 48 2. Bk,
Cs O > O oBbED LN,

3.4 QxJet fEEhh o XPS B (210°C fngEm)

210°C IChNE LTI AREREIC Oa-Jet AW &4
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Table 2 Binding energies (BE), full width at hall maximun (FWHM), and surface atom

concentration for silver powder containing 1000 ppm Cs and Re.

Sample condition BE and {(FWHM}jeV

Atom concentration/%

Cs3dse Redfre Ols Cs Re O Ag

Just after sample introduction 724,86 46,6 532, 3 11 0.2 23 66
2.0 (1.5} (3.3}

Art-sputtered for Hmin at r.t. 724.8 46. 8 532.3 10 0.2 18 72
(2.5) (1.4} (3. 3}

Subjected to Oz-Jet® for 106 min at r.t. 724.8 45.9 532.0 11 0.2 20 69
2.0y (—) (3.9}

Heated at 110°C in UHV 725.0 46.7 531.7 11 0.6 17 71
(1.9} (1.8) (2,9}

Heated at 210°C in UHV T26.2 40.9 531. 3 12 0.6 18 72
(2.0} (2.2) (3.0%

Subjected to Oz-Jet* for 15~25, 724, 8 45,5 530. 3 15 0.6 25 60

30~45, 7247 45. 8 530.6, 528.7 14 0.7 28 54

60~75, 724, 6 45,2 530.5, 528,89 14 0.7 26 59

and §0~105 min at 210°C 724.6 45.3 530.5, 528,9 14 0.8 27 53
2.2 2. 1) (4. 2)

Cooled to r.t. in UHV 724.6 46,6 531.3, 529.1 g 0.3 15 77
(1.8) (2.0) (4. 4)

Cooled to r.t. in UHV after exposure 724, 4 46.3 531.5 12 0.8 21 67
to 133 Pa O: for 60 min at 210°C (2.0} (1.7) (2.6)

® (0,-Jet was operated at 5~6x10"°Pa of oxygen gas,
Cs?td,z’/2 Ols Red4f
528.9
45.3

£

40,9

o S

334 530 526 51 47

Binding energy [/ eV

Fig. 1 Variations in Cs8ds2, Ols, and Re 47 spectra for (Cs+-Re)-doped
silver powder disk on successive treatments (1000 ppm of each element
referred ‘to silver).
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B, BUED & D SRR E M X h T B csadm@
BEIHEBIT 724.8eV 1o, 0% 704, 6eV F T
FLtc, FEHC Redfrs 4 40,96V i 46.6eV 1T
KE{V T b dl~dd eV QAT P L—2BEED Y 4
FABRGIV) L, TOBRREOMK K 46,3V
FTHELAL, The2IELT Ols 227 F D&
BE WHE & Z4f, 30 40441 528. 9V @ &2 Hi
B 7o, 53L.3eV O —s3sic 530.6eV £ TK
L, 1054810 C AL B o — 2 2L 7, O
Jet fEBIE & &1T Cs, Re, O O ImiIE i, i
O OISR 69% o AT,

3.5 Oc-det {EEiE® UHV FTTORER

210°C Og-Jet fEHG 106 434, B BITERE THRIRL
TOREDSYHERIC L B 5, Cs, Re, O TR
ELOILERY, Redfe © BE 5 45,8 /0 46,6
eV iZv 7 Flfe, Ols A-%4 bt a3 5313 & 520,1
eV DA T Ly b EIY, BB LEBED Sy TG
BEkeind & -,

3.6 210°C, 133 Pa-0: "D RE

FlBbEncRTORER S AT, T
BL. 133Pa @ O» Fxiz 210°C, 3RS LR
Bl i s FRICE USSR L TR THEL
foo WEHE -2 245 0ls 227 bt 631,58V O
H—e—7 LY, Cs3dse & Redfns 0 BE i3 =
AL 0.2, 0.3eV £ BEMRcRHBIL 7z, BHEETE
BT Cs & O iciinsssmed i,

4. & 2=

4.1 Cs3dsp R4 FILODIERE

CaaO SR (o £1b%, 99%) 75—
REUCIRAL, -THEE b x4T CsOx (Thfn) fitEpkL
BEASHL Jo, CsBdse (3 723.9eV, Ols 12
530.1eV & BE #7RL, Cs A — 295 4 — 21 —
i 1293, 1eV T Briggs & Seah OFENEH® > —%r1,
foo FEAE Art Ro%w 2 v R L 7287,
HEd 528.8eV 0y X — 7% H 529, 7eV D=
2R EN T, HUBT L&, Rty AFIOR S
PAEREBLM, CsO2 & CsO @ Cs3ds2 @ BE It
0.2V UTORLMEL, BOBOKIREY 201
HELU L, M43, C&EE® Ols 224 P decon-
volution DR, Cs20 0 Ols &1L T 528.2eV A48
fob, AEBR T, BLBTREME T S 2 ZHO
Cs3dsnid 725.2eV T, B e B L 724 4eV £ T
7 FL7 (Table 2), Ayvoob &t Ag EEBELED Cs
@ 726.4eV D Cs3dsp i 00T OEEREET 728.7
eV Iry 7 LI EHELTOEY, £ Cs, CX (X=

v LR T — 561 —

E, Cl Br) @ Cs3dse L TENFH 726, 0~726. 4
eV, 723.4~723 8eV pREENTN3Y, Fh, b
M’ﬂjéﬁhﬁ 500 ppm Cs #EIn Ag FH ETI2 725.0eV
S LENTWWEY, Blloc &b, Cs iins Lo
(C5+Re) Win Ag BE® Cs 13 723.9<Cs 3 dip<
726.4eV O BE #%0 Cs¥ (18>0 6 R TH B
EE BE 3RV ORBICE - T, Cs TR0 ks
B (A IWEELTOREL T EELS
na
4.2 Redfre 2R ML OER
Rez0r (Koch Chem, Co., 99.9%) D Redire Ols
2 46.1, B31,5eV, Re-ribbon (Koch Chem,
Co., 99.97%) @ Redfrn 13 40.1eV (WEBED
Ols iy 832.6eV) THhoYz, 7, ResOr & Re—
powder {Koch Light Ltd.,, 29.95%) g &=10
HE B, 3000, —BERERL, coka
ResOr+Re —= 2 ReOs+ReOs

DEIEDIHL O, —HRFE RO Re0; 255, Boihic
INEOREMHD Redfin 2oty b adllEL, ki

D BE fEf5#cv— 744, Re%™, Re* Bk
Redfr. @ BE fiOisEtEat (Fig. 2), o
FEIR 2 ST & HE L T Table 8 iRkl vz,
Re™, Ref*, Re' [C¥ind 5 Ols LLTiRE=h&h
531.5~531.9, 530.7, 520.3eV MEBLMNTLVE, K-
T, AR TEH LN 46, 3~46.9, 44. 7~45.7, 40. 4~
40.9eV O BE i+ h+h Re™, Reb*, Re®irz

RT& 5, Ag i Redire o BE JEDHFEC BRI
LA, SR T 0.2~0.8eV B BE {liic
BN ATk, BEBZECETRS LTS AgﬂﬁF«
O Re BAMETORNAL & BEBRCET I C

Redal

52,0 481 44,2 40,3
BINDING ENURGY 7 eV
Fig. 2 Re4[ spectrum measured on the mix-
ture powder of ReQO: ReOs and Re:Or and
the deconvoluted core spectra.
——: Original Re 4{ spectrum,
------ i Ref*, —v—e— 1 Re™,
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Tahle 3 Assignment oi Redirq

Re? Re* Re#* Ref* Re™ Remarks
40,1 — 43,0 45.0 46, 1~46, 4 This work
— — 43.9 — — Leigh and Bremser™ {1072}
— — 44,1 — — Cox and Hercules® (1972)
40.6 — 43.2 44.3 46.0 Shpiro et al® (1978)
40.1 — — — 45,9 Perkin-Elmer Hand Bock (1992)%
40.7 — 42.5 44,5 46,2 Cimino et al.}® {1980)
41,1 421 43. 4 45,2 46. 4 Komiyama et al.il (1083)
WL % Re OFFHECRNL TS b d, P BT, Ag EOWESETICE T D F { OEkM
4.3 01s 2~ ILORE Lo OBEEAIEEEN, choiwdESd Ols A

Ols a4 PR TNORBTE 2.6 05 4.4V “2 2 P deconvolution MEIFEHETSA o &
@ FWHM %45, WM LSEEICRET S, 5 P h, T EEOTAAT, Gauss-Lorentz
BINDING ENERGY / eV ey Gauss BEEEERA 80% A LE1LT, BEOaT

5 530

536 4 3z 528 . . s o
S AR GO T S Rets LVICAHIL IR BIE Fig. $ 1ALt AW
T TEHoHE T ASS P D BE i, FWHM fil3
DEORIAIE - f.
a0 | Uiy Oz et t
= o0
5 20 '“2-‘__0__#_/ atom-% of O . @
A <10
s 00 F
R T T { i i T - 2
£ N
2 40 U
T N A
8 i . ®
(e
Al s
726
=
- 25T .,
%7264
:a'j 48
g el I
¢ = 1
B = 42
, , b (1) .
40 s 110 22—
Teap. /7 0 30 60 %0
A Time / min
T T : T : ; - T Fig. 4 WVariations in binding energies of
336 334 53z 530 528 Cs 3 ds,2 and Re 4 {72, atom concentration of O,
BINDING ENERGY /[ eV and the composition of five core spectra of
Fig. 3 Three examples for the deconvelution O 1s with incressing sample temperature and
of O1s peak into five core spectra. exposure time to Oz-Jet at 210°C.
T : O1s spectrum after Art-sputtering for 5 Symbol of Cu 027, sub-0, O, and oxydic O
min at r.t., in figure correspond to the core specturm A,
1L : Subjected to Oz-Jet for 90~105min at B, C, D, and E, respectively. I and Il show
210°C, the data obhtained on the sample cooled to
i : After exposure to 133Pa Oz for 60 min r.t. after exposure to Oz-Jet for 110min at
at 210°C in a pretreatment chamber (mea- 210°C and to 133 Pa Oz for 60 min at 210°C in
sured at r.t.). . a pretreatment chamber, respectively.
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533. 1~533. 6eV; 1.6~1.8eV,
531.7~532. 6 eV ; 1.6~1.8¢V,
530.4~531_4eV; 1,7~1.8eV,
520.5~530. 6¢V; 1L.7~1.9eV,
526, 1~528. 8eV; 1.7eV.
gi4EREhEh Ag LOWEBESTF (Oduas, B
BEHHEST (O s, ¥ 7 ¥ — 7 = ABBEETF (O Jsuu,
WHBEET (O has KHIGL TV 2Y, 5BHO 2T
z«\ﬂy b B3 210%C, Or-Jet FEBIMNCIHAL, Ag B
{LAIESE (O Jox O B28.8~B20.3 eV k1 HF &L
BE {ufé“r?em 4.1 Hi o E i, GO Offd
(528.2eV) OHERFNTE EEZLNS, Table 2
OEFRE s 5, Cs it datom®% T Ca0 ®ORHE
Tatom% X REIG LG, Pig. 4 50 £ Hiz4lEsH
(27 atom%) D# 3B%, $74bH, 9.5atom% WEL
Th, C0 @0 O D T0% N L TWE, B
30% @ O % Cs, Re, Ag EOMITHINMAIE~ MY v 2
AAfEo THEEL TS EBbR D, —F, 3 TAY
Pav At Ols 833.9eV @ BE # & DEEEES
TR AN T &zh%ﬂ?é‘%”ifm Hiig o 3R E S 0BRSS T
IR A RIS (EHS) oboiEL LR S
4.4 mE, O~Jet {£BIHOEEZEE
HIBTD OpJet fEUTRERBERMMUDOL A+ v
27 1 MR LA M B IR ES I T, X 5IT
BOBEBEESSE S EDNhE, —N, UHV TTomf
FEMNET & »T 110, 210°C &5, @EI TR
HEANIRE L 724 5t hs Table 2, Fig. 1, Fig. 4 i©FELT
5D, EWEETE Co B, Reld 110°C T%
UAMWKRL TS, D&Ed Re i3 +7 T %,
Re:07 1t Re F@zﬂ:%lﬂza%lﬁ@ﬂtﬁt% s, 5
YTl 382, 4°C ¢, UHV Tk [2ak (19
LT, Re:Or ORFEL 2 iﬂb@ RB“ 0)22?5’\@
SRR (pile-up) DL I TN D BN TE B, Fi,
Tl & 2 #EBEROREBED, ReeOr @ Ols &
FrEAITANRY P BOEREERE & bizguich
BTt (Fig. 4), LA =T, Re™ %7213 Re:Or A
PO 2 T, [ Re™ 75»; Re® ~diEshi
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SEHFH - 563

NEETHWEEEZ NS, Cs & Cs Bt bR
DENPE T, Cs3dse @ BE iR ARD, HEO
WRMPLETDLbOEEL LGNS,

210°C T Og-Jet fEEIMCIE, R oWWA A F3 w0
7L FER A LD IBIR AT T E o, Re 1 Re® 5o
45.3eV @ Re* i, Cs i 725.2 &5 724.6eV O
RAE L&Y, Ols =ty Pzl 1eV {E BE
BT 528.9eV @ ¥—s AMELTHA, Fig 4
i¥ Ce3dse & Redfrs @ BE [f, £EmWMEEE,
BXF Ols A-t7 o deconvolution T L
FHMEE A~FE OMBERORBELERL LEOT
Ho, 3T ALY L EDOEHEREILEEORIE,S O
Jet fEEMEEICAEIY L 4G, 30400138 4% w3l
ZOWH WML 72, OJet (ERIBIOEREER C (#
=7 = AFEEE)ZEMEEE C-Vwb %@,ﬁ%ﬂ(i‘é‘bm

WEMZEST A RS LIS T, BlO) 3—8 345
KR LoD Sl Uic, R ;T\E\--J“ DO 1 152%

B oL, 30AFDIE R e, AFRTEEER
W Langmuir TR, ERFIO LeEWREND, F
BT Cs, Re d¥ETEEIC pile-up LT B, T 6HO
B Re 7 & Re® ~@Ek{l, Cs BMbMID Ak & i
HERICH S, B X -l L TR, BERER
Cs20 @ O1s 528.2¢eV, B 13 ResDr @ 531.5~531.9
eV, 7% —7 - AT Cid ReOs @ 530, TeV, M
I D i3 ReQ: @ B26.0eV 3478 CsOr @ 530.1
eV D Ols 2% Pt ENFNEL-TVE, Lk
L, Re** & Re™ |3l snd, Ols m-<y palda:
IWEELECEODHEY - THALAZ 2, Csid Cal,

e & ReOs, F 7oli ReOs & Cel O-—¥ L THL
WeAb4a CseReOu # IR L THEE L, BABRRTW
(OF et THBEEHEZ B LBETES

Blhodoig, BOMEHRTE A~F 13 Ag B RUdEE
5 Cs, Re SOMTIRC BEMHEEMOBRE ST
JoD DR E L TENEY %, Cs, Re OE{LBILES
TAMBRROEFEIMEE L TD 2 &2 5, OeJet 4
Bim a2 7R P OREEI LR D ¥ O SR
D NABEE M CHELTE D,

Oulg) == (Oduts == (OrJads 7= 2{0* aas == 2(02 Yox

A B

LW E, G, D BEASEE R 5, 770, il
L XA B~E cld Cs, Re DIELHHED Ol s
FELTNEDTHDT T Ay bLORETNT & hDTH
MLioTws, —J7, UHV Fromilhs 210C/

D
N /
2(0% Jeup
C
SNOSOEBIRCE, CORHREN S E~BEL, 3
T IEFEL T,
45 BREEE 133Pa-0: %@%E

110 3l Os-Jet {EENEE ERTTHETZ & Rett
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IE Re™ ciEgfh &, ReOr @ Ols (831l.5~9eV) &
BERLATHEE BOWMAK Iy T —7 . ABRC &
WHMERET D OMSHHEY, BikP%Es £ olk®
Wil AL 7z & (Fig. 4) 78&405, CeReOs @
WAEOERIE S TNE (Cs ORIPHE Cal)
EBLIAE, L, COREUCY-»>T Cs, Re, BXT
O@DFRMEEEITFEEML T3, ThidingiEeiis
itz pilernp LT Ag PIADIEIED S FIAD
“WED T A (creep-in)” XL EDOTHL, EHIC 133
Pa-Cr BT : e, SRR
BLt7 9 —7 = ABEEMZECHINL T 5, Re dfrpe
BEHLY, CsSdee By 7 ML, BMLEESE
Eidsemicdbhtin b, Cs02 @ Ols §2 530.1eV
THY, Ayoob & Hedge HE#AEE Cs/Ag-matel |-
~DEREEICEOT O/Cs=3 (633eV) BB T 3%,
Campbell 4 Ag(l1l) [~o Cs & Oy OILPEEEO
LEED ¥t s CsOx EE2HE L TH5EY, ©
NoD&hd, FHAEHERFELLT COudlazl) &
Re:Or MILETETLEL T 24D EELZ SN D,
46 ¥ & o
XPS & AT Em o biREof bama i,
EEREm O &0 %R, B IUEERE SRR
THE OGN L HHE O TS, BRCEST 5, A%
THWz (Cs-+Re) 150 Ag ikN IR, Hine3E
ORE R L URMBERLCMES LD TEEL 29
LOO—2TH S0, IERE LT OrJet fEBIC & 2R
Thicd L 7o XPS AR b A DREDEER D DH 1+
T oin site BRHIT & o, BORAERLD, BE
Sl s R ALl 158
CEIL o, WEE TR BB E AL
T A BRI &0 i, BT,
1) Jn#Elc kB Re™ H» 5 Re® ~D@ILL Cs, Re
o pile-up B,
(2) 210°C ThH Oe-Jet FENPICIRZ 2 Re
Re®™ ~OFlh, FEEZFEOTINENREL, &
Tk Cs0 & CseReQs DAEREK,
(3) 210°CHhoBE~OERMED Cs, Re, © @i
7 PR~ DR R B,
{4) REOELC LB CsO Ok
& DA T o0 MmN I EER SN, B DD TEH
D& AEREPESN. NS TT OEHIRFHEER
{BLNTEAZ LHMHELTE
Al &t 1077Pa PITFTOHRETTHEAEINLIE
XPS BEANT 0°%Pa 50 O 28 ARl
WRASD, REFOMTIRENIEEEEEINTH
v (Fig. BYe Ude b, ARV T O E RERETT IR

k4

)

7k
&
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WG W14 O (1998
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D94

Relative intensity

o.92p

0.90 \ ; \ )
-8 -7 -6 -5 -4

log P / Pa

Fig. 5 Dependence of Ag3dsz integral in-
tensity on  Ar pressure in analysis chamber
{sample is silver plate).

fatom%) THEMHL TV EOT, HMLFOREHIzLA
FEENTINRENEEZILND, 2D O-Jet HEHL»
7o XPS W HIET & A0 F — P E R
TFEOMALR TR OHIE ST — s & O E:
EMOFIT—ICENTH L LHALRD,

LW

1} Sell Intern. Res, Maatschappij B. V., $FERMH
63-126552 ; EP.0352840 A 1; EP-032850 A 1.

2) J.E. Moulder, W.TF, Stickle, P.E. Sohol and
K.D. Bomben : “Handbook of X-ray Photoele-
ctron Spectroscopy” (Perkin-Elmer Co., 1992).

3) D. Briggs and M.F. Seah: “Fmapi—iE &
S & (Al SREER T2
AL, 1900) p. 267.

4) 3y, EWEWE . b, 1882, (Ne. 8), .

G30,

5} M. Ayyoob, M. S. Hegde, Surf. Sci. 133, 515
(1983).

6 JFoORaERI,  ARFERIE, mduocis, FEFER

“Urgcmi” (EREASERA, 1988) p. 884,

7) G.J. Leigh and W. Bremser: J. Chem. Soc.
(Dolton) 1217 (1672).

8) L.E. Cox and D.M. Hercules: J. Electron
Spectr. 1, 197 (1972).

9] E.S. Shpiro, V.I. Avaev, G.V. Asntoshin,
M. A, Ryashentseva and Kh. M. Minachev.:
J. Catal. 55, 402 (1978).

10y A. Cimino, B. A. De Angelis, D, Gazzoli and
M. Valigi: Z. Anorg. Allg, Chem, 460, 86
{1980).

11) M. Komivama, Y. Ogino, Y. Akai and M.
Goto: J. Chem. Soc. Faraday Trans. {(—2)
79, 1719 (1983).

12) =gHss, EGHIAC. Dol HRZFNAR &
W§58 : F2¢ 25, 302 (1982).

13) Ch, T. Campbell: J. Phys. Chem.
{1985).

89, 5789

— 46 —



