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Metastable deexcitation spectroscopy (MDS) is one ef the most powerful technigues for studying

electronic properties of the outermost layers of solid surfaces.

Metastable atoms of rare gases

impinge on solid surfaces and electrons are emitted as a result of electronic energy transfer. The
principles of MDS applied to solid surfaces are described. Two mechanisms of deexcitation of
metastable atoms are discussed in the cases of clean alkali and transition metal surfaces. The

effects of adsorption of gases such as O and CO are also shown.
described for evaluation of new surface materials,
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Fig. 1 Electronic transition in Penning-ioniza-
tion process. See text.
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Table 1 Electronic properties of noble-gas atoms in the ground state and in electronically

execited metastable states.

Electronic state Excitatio?e{sf?ergy £ Ionizatio&\tfe?ergy iF Lifetime (s}
He 184(1s%) 0.0 24,580 fore]
35:(1s2s) 19.820 4.768 4, 2% 10%
154(152s) 20, 616 3.972 2.0x107®
Ne 1S6(2p%) 0.0 21,559 [=2)
Py2p53s) 16. 618 4.946 24, 4
Ar 154{3p%) 0.0 1B, 755 o
Pa(3pods) 11. 548 4. 211 56. 9
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Fig. 3 Two deexcitation processes of He* on

a metallic surface. (a) Resonance ionization

(left) and following Auger-neutralization

{right). (1 p<{¢@, INS-like} (L) Penning ioni-
zatien. {1 p>¢@, UPS-like)
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Fig. 4 A schematic drawing of the MDS apparatus of UCSB.
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Fig. 5 Experimental arrangement of the MDS apparatus of University of Minchen.

Table 2 Beam composition at the sample under
standard operating coenditions.

. Intensity
Particle (particles/s)
He{ground state) 104
He*(*3 : 88=10: 1) i
hy and fast neutrals <108
He* and He**{Rydberg) ¢
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Fig. 6 {a) MDS and {b) UPS spectrum from
a clean Cs polyerystal.
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Fig. 7 (a} Electronic transition of Penning
ionization. (b) Model potential for analysis.
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Table 3 Experimental work fuactions ¢, valence
band widths Vs and average distances of de-
excitation drr.

Element é {eV) Vs (eV) der {A)
Li 2.4+0.1 4,74 3.1+0.4
Na 2.440.1 3.24 4.00.4
K 2.3%0.1 2.12 4,4+0.3
Eb 2.0t0.1 1.85 4,6+0.4
Cs 2.0£0.1 1. 59 B.1+0.3
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Fig. 9 Competitive two processes for deexcita-
tion of He* on a metal ; resonance lonization
(RI) and Penning ionization (PI).
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Fig. 10 MDS spectra {left) and UPS spectra
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OXYgen exposure.

Thh, KREPRBFRTFEERTZEOL 31, HFavh
L TEOBBERAHAARECEL R LTI
X AUNBEAICE, RIAN BENEBI - Th b, 2O
&3, He* gaimic PI ko 2 A0R w4 3 8
W, RISBZ TR ZEERELTHS, 4ETH
~fe kA, @REERTORS, He* EE MO
BN 10 A DLECHIBA A v ibdsk T b, = v A
A BB EORSA DTFTH 3. #-T, BEE
FahE L, o THESEOWHBROEMD £V -
FLTWRGESE, PL s 2L &, FE
PO T RIMBEC-TLESEELONS, CO W
BEOBSE, CO AE{, MOTFHERELy—
FLTWAD, RIBbToELoE, PILHBCA
BEBME ol Bbig,

A CLEAN Ni{lI}}
! \\-¢~u— MQs
l{ '
> P 1
= / 1
(‘2’} o’/ l
uJ . P \
= | O/Ni(i1}MQS - '
= - 1
-~
3 \‘ 7 X !
a N !
2 N ozmmm‘ws 1;
ut P i ;
3 X \
= \
=] i
wl
w \
i 1
\.\\
L \"w.
0 2 4 [ 8 10 12 14

ELECTRON KINETIC ENERGY {ev)

Fig. 11 MDS (MQS) and INS spectra of oxygen chemisorbed Ni (111}
surface, MDS (MQS) spectrum {rom a clean Ni (111) is also shown.

8



%
5.2 CO mEE
Tl <tc kS, CO s L4 RERTR
He* {33 PI @2 L OB T 2. LL, RIAN

MBEEZ-TWELHTHEY, LT TH, COME
Pl b AL T, COBEND MDS 247
FvORBCEIRAE T Xt T B, Fig. 12202, Nid1)
ko CO tafniistmo MDS & UPS z-d b AT
ENTHE
Ea to2oERSN T D, Es BRICICAELS
i UPS 2tz bav@Zelli~r 7 b LTS, kbl
Ehichhz L5 MDS s CO 0440l (do
BEU nhbot) itk B —s BHETHE, BIHE

e kiE, MDS il Nidd v — 2 M2 BEA T
4
J « Ni 3d
P 56+
‘N<E !: ?‘?&-' j .
Lo A Yot
PG
’ ' .- '-‘ ' UrPs
' / \fa\.. '/
t MDS ., .
e “x_‘"“-""“::.\-' '(A\‘u,- s
B SRR SR
N5 g 30 g 5, B 50 EgileV]
4] 5. ) £ 15

Fig. 12 MDS and UPS spectra of CO covered
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