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In electron-and photon-stimulated desorption (ESD/PSIY), beams of energetic electrons or photons
incident on a surface containing terminal bulk atoms or an adsorbed monolayer of molecules or
atoms will cause electronic exeitations at the surface. In the present paper we review mechanisms
of ESD/PSD, as well as examples of the benefits of electron- and photon-stimulated desorption to
study molecules at surfaces. Moreover, ESD ion angular distribution (ESDIAD) and angular resolved
PSD (ARPSD) are also surveyed for characterizing the geometry of srufacemolecules. A schematic
bonding model of adsorbed Hy() molecules interacting with electronegative adsorbate (oxygen)
and eleciropositive adsorbate (sedium} and the experimental results of ESDIAD are discussed.
The ESD/PSD of polyatomic molecules are also included. The provable resulting explesion of
ESD/PST containing desorption of neutrals and negative jons is discussed.
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Table 1 Mass Spectrometry of gas phase and surface

i Target
Gas
Excitation source ™-

Adsorbate and condensed phase

Electron icnization

Electron-stimulated desorption

Electron mass specirometry (ESD)
(EIMS)
Photo ionization Photon-stimulated desorption
mass spectrometlry (PSD)
Photon .
(PIMS) Laser desorption mass
spectrometry (LDMS)*
Chemical ionization Secondary ion mass
Ion mass spectrometry spectrometry  (SIMS)

(CIMS)

Fast neutral E—

Fast atom bombardment
mass spectrometry (FABMS)

* LDMS includes LAMMA. (Laser microprobe mass analysis)
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Fig. 1 Schematic bonding configulation show-
ing relationship between surface bond angle
and ion desorption angle in ESDIAIN®,
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24— TR BT 5 TR O BIE T O S MR
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EHPELEEALTVARESOHTE NS C & BT
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TELREELTHEEIATE, 'V » FiH, <4
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b, Fig.8 ¢ Eastman FH'¥ic & » CEL N ESDIAD
BXU i FEIFX Bic angular resolved PSD
(ARPSD) ##iE T & 5 ellipsoidal mirror 2 &2,
MCP #uibfdtd h 2 TH 5,
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Fig. 2 (a) Drawing of apparatus used for measurements of electron stimulated
desorption ion angular distributions (ESDIADYY, ESDIAD patterns are displayed
on the fluorescent screening using the grid-microchannel plate fluorescent sereen
detector array. The mass spertrometer is used for mass analysis of desorbing ion

beams. S represents a rotatable target.

{b) Time-of-Flight mass analyzer used for the photon stimulated desorption (PSD),
The synchrotron light pulse provides the “start” pulse for the ion flight times.
1. Stainless steel cylindrical tube; 2. 90% transmission mesh; 3. Double michro-
channel-plate assembly; A. Diameter of double michrochannel-plate assembly;
D. Accerating region of ion; L. Time-of fligth length of ion
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Fig. 3 Ellipsoidal mirrer display analyzer designed by Fastman et al for
angle resolved P3D, ESD, and photoemission!®, Specifications for display
type analyzer. Epass represents electron path of photoemission.
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HEMERMICALTIE, —fl& LT Madey 904
ZiRT . WORRERENFBE S LT, R 0=0.6
~1, & GicE b aeili L, ARS STHEE L LUEE
HEEZELY, ARPSD 2#EELTH5,

3. ESD/PSD o F viREEOEGZOER

PSD @4 # VIREED = F v OBRESIE D B AL
FrobhT& i, EHEN ESD LR—TH5 oLy
HiL®, ESD/PSD 252 iz, #BEETI e Fvndk
Abhl, EGRSTAF TR TSI IA Y 14w
PEELTHRIHENE C &k, BFEIEHMEIE S
BAA RO Nz XA LI L FNTELE-TE
7‘:1,16)0

ESD oo A Z=xXscBL, $THRES AL O
7, Menzel & Gomer!” % LT Redhead® jo k 3 %
DT MGR £F A 2IFEN, FigdcFo s rve
AER LI, PERBCEZET CUISTF) A
BFiC kb BEREE 107% IBEF ¢ Franck-Condon &
BIC X O EENEINE (&4 ViB) ~Fteh s,
o, WERTMEICREMBECI RV EEL LN
Bo BF ¥ i S SRR, BIEERERE
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F OB T 5. BT A20E S0, Figdhob L a
OREXITHED, b > aROBRBOEERBIC &Y,
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T8l
b

Fig. 4 DPotential energy curves for adscrbate
levels relevant for ESD#
Abscissa: distance between adsorbate and
substrate ; G: adsorbate ground state; (M+
A : antibonding adsorbate state; M-A*:
excited adsorbate state; M™+A*: ionized
adsorbate state
Transitions are shown for ionic desorption
only depending on the distance at which retun-
neling occurs, it leads to recapture in the
ground state (b>>a) or te desorption as a
neutral partiele (b’ <a’).

— 39 —



— 40 —
b<al SRR RA LEL NS,
L ABERARRE NS, O OHY, T 44 »H
ESD THEEH, BRECEWTA AT YiEE-Tih 3
THASEFCREFRYN, FOLS5LTEA4 v&L
TS 2 oD Uk, CcOBEER2MBET I X
¥, 19784 Knotek & Feibelman®¥ 8Pl Mo KF &5
WERE Lz, Rig.5 I KF =703 F% R,
O ] Oy/Ti (0001) 32T, AMBFREEREFrhwsEd
(hy e L, BEERFEFD O EA~SFE (FEFE)
D Auger BEREC TR, BEICXD, BAF VIC
T BEFL D EFBRDELN, PHEEA A
v LTRSS, OYOHY) ) H0/TiO: (001), FHjf
HEF/TiOz {001), & S WEFE % Ti0: » 5 VaOs ®
WO WEZTH KF 27 r5TEETH - 722
PsD & ESD o¥EQHEOEER & fTiabh, 41— F
ARy P oA, PSD BN TE»- 2 v F T
{IEBTEMEIELI®, & b, OTfOYW OFET

GT

O 1 1]

0(2s)

T 4t

0%

Fig. 5 Illustration of mechanism of ESD and

PSD. ¥ Knotek-Feibelman Mechanism,

FEEME BTE ®IF (1980)

W, W W A UAAERO o o F Y & BRL
7o KF 2 AT &0 L, FHf HE/W (100}
% Cl* {J Cl/W (100) Okkis e TH, BEEH Auger
BEEVLEL L APERERERHEPTEL, FTO
Ba, REFRFANE -BhERcs s oL, OF
o4, BRERTF - EEEFEEE-EEREZ A
Hakis (Table 2),

T Madey %12 ESDIAD & ARPSD %[F—
OEEBTHEAKk LA, O O WAL F, O} WOs
O & ESDIAD, ARPSD OfREZHE—TH =70
CNGHGEEF—BRROER I b L7, KF
TFEADHHE NS LA L,

PDEEoA4A EELTHARTRELOLERS, £
ok BPEEE L A RAENEZI T A vl
THELOEEITELY, LiL, EHESELTHE
BTHCOELRBEH L D2DE S 5k, O JCC/Rh
(001} AD ARPSD Ofificds&™, HEAA >0
EEFIR O THEERECKEL 2. 2B FA—LF
B OF o v FERRII B3 LR, CO Wi
Rh MBI YRS ERALELTHET &b
foo

Eeftt ) o aink PSD k3 H*, He*, OH' &%
WX O#EHRDP 5, PSD BRINOERE S, >3
CEBANEEIC DD TORERESE N TN A L LAREH
¥, X, H* f Ho/Pd{100} ©FZD PSD & EHEEET
[FNDIIRETA - FOERID, CORTR, b3
FEORED & OBM—B RS PSD LMiEMNH R
EAURE N, TIHb B KF =F o0l REL 2N
Ll NVTOEBEICX - T H BT 2 & a5sS
N, COms KF 2@ v Xl F BT 2700
FABEHER L IR A MGR eF A0 E L Fa
Antoniewicz T X D BE X N4, T W% Antonie-
wicz-bounce € F N (AB ©=F ) X ATWG, B
BERMTRA A LI NBEBRIRTF v ek L

Table 2 Summary of proposed models for desorptioni®

Final state Applicability

Model Excitation Level
Menzel-Gomer-Redhead valence
Antoniewicz valence
Knotek-Feibelman core
Auger stimulated desorption core
Many particle CI**¥ gxeitations valence

lhorl1hle* | see below*™
lhorlhle physizorbed inert gases
2h ionie, maximal valency systems
2h, 2hie covalent systems, adsorbates
2hle, 2h covalent systems, adscrbate

¥ The resultant intermediate excited state can be calegorized by the number of particles, such as one-hole (1h),
two hole (2h), or itwo-hole one elctron (2hle) type states.

#* As narrowly defined in the present text, this model may be applicable to some situations involving ESDj
PSD of neutral species; as broadly defined, it includes all the other models and is applicable anywhere.

k% (O] represents configuration interaction.
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4. BEHETHRRELLLRA

LT ESD/PSD & ORERERGFIC DTS
bo

1) %9 van der Waals Syt RkER 2L DB
AZDENFND ESDPSD it T2 5%, van der
Waals HELT ¥ 7 m~&¥ v, k#EEahs LT
H:0 & CH.OH % ¢F, H' [ CeHe/Cu(100), H*Jf
CHsOH/Cu (100}, H* Jf H:0/Cu (100) o & hEhicD
WTHIEE N, WEEMN 6L koAaEy CGHe o
iﬁm z, H" 0440 L, B\l x A FhideV,
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KES LTS & CHY, ..., Cellnt Otk &7 7

AV EAF vl GHETO M5 OfE & B
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HoO + oxygen H» O + sodium

Fig. 6 Schematic bonding models (side views)
of adsorbed H.O molecules interacting with
electronegative adsorbate (oxygen) and elec-
tropositive adsorbate (sodium}?®.
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H » Noew=- M—H--=--
See® noheee O
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H T K N 5 N 5
N, H ™o N/ .
B WO i o
7 7 T T 7
HH, + Na* NHz + ©
Fig. 7 Proposed models of the interaction

between NHs and ions, in the gas phase and
on the surface.®
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OHTRTAE H* 0 2% DT, 75R2—44 v
(H200H" L AFER U7, EBx a3
ANEL, MBWARENL T 272V A v BREAET
HoTa EER e s LS e FvTHETS
%, XBic CHuOH H#T ESD @ H* ofiuhs, Tk
FLH N ERY Y, CH EAPLOUMTH S T

B Lz, —HRETE, C-H, C-H offigos
Exhh, EErAVLEE, URTABATHNTS
B KFHEAHID IO P CILOH ORTh &7
FA Y PHEELEODR, HeOEETHTE0MH
WAy T Y S DEHREED A = A L REET
BldTHEBD,

2) BREEEORSBEOHRETTCORFE
Fig.6 (R$¥, H0-0 (FRBEEOKE N O adk
A BAU H:O-Na (BEEEEO/NS VD Na 8575)
DENFRICHEINT, O F H0 @ I & Na g H0
D O FEFNTHEDS S EFERNT BESDIPSD o
EafmOERBHRBETE, X, T4l Kistenmacher

Fig, 8 LEED and ESDIAD patterns for HaO
adsorbed on clean and oxvgen-dosed Ni(111)
at 80 K3,

{(a) LEED pattern from clean Ni(111) surface,
electron energy Ve=120eV; (b) H* ESDIAD
pattern for a fractional monolayer of 20 on
clean Ni{111}, Ve=2300¢V (the darker region
around 4 o’ clock is dus to a low-gain region
of the detector}; (c) H* ESDIAD pattern
from HzQ adsorbed on oxygen-predosed Ni

(111), Ve=300eV
The arrows point in the direction of (112)
azinmutha,

Fig. 9 Schematic bonding model for O+H:0
on Ni (111} ; Single O atoms are shown influ-
encing the odering of one, two or three H;O
molecules®?,
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Fig, 10 H* ESDIAD patterns for HeO adsor-
bed clean and Na-dosed Ru (001) surface®.
(a) H* ESDIAD for a fractional monolayver
of 20 adsorbed on clean Ru (001) at 80K ;
(b)) H* ESDIAD for H:O adsorbed with a
low coverage of Na(8(Na)<{0.1) at 80K ; (¢)
after annealing surface of (b) to 210K,

Yoo ) Z

O
' @

O
H H O@

(a} (b}

Fig. 11 (a) Schematic bonding model for H.O
+Na on Ru(001) ; a single adsorbed Na atom
is shown influencing three H;O molecules,
(b)Y Schematic hexagonal H* ESDIAD pattern,
Three beams are due to H* emission from
HzO molecules as show in {a) : three beams
are due to a second domain of HzO+-Na,
rotated 60°3%,

3 0 Hartree-Fock 51805 B & g il » fz, HeO
FIERA & v (Nat, Cl7) & 04Tk [Nat(OHa), CL-
(H:OR] %fER & Eich, BERMERREELLAT
WEADBERENEZ LI ETVEL LTS,

Fig-7Tit, NHs & O Na 0o HEH O E®
AT, bz, Fig. 8, 9 i Ni(lle) @To O &
HO Atss (650, 1) Mk LEED & HY ¢ ESDIAD
BRUHSEF v oSE R LAY, Fig. 10, 11 iz
Na & HoO odizEiEm HY @ ESDIAD rlisE<=5
MR LI,

3) Tig.12 joid, NHs iz O B 2h0sE & i HY
NHs-O/Ni {111) 35 178 H* j NHe- O/Ru (001} 0T
ESDIAD o#REE U0 EERL 219,

4 TaAhNsF A FEmMP S O ESDIPSD i@ 0
T, ESD f53Ri3, Na*, CI*, Na:Cl* [f NaCl £ hsfi Hy
Th, ¥ IFRE—A 5w NaaCl* SIS 7039 0 1
BREE, PSD i, Li* [ LiF, Na* }f NaCl ¢ Lizl,
NaCl* @I TR0, BECSOBRE MM
HETHAHD,

EEHE WTH E1E (1980

{a) NH4 on Clean

(o) NHy - © fe} WMy + 0
Ni, Ru NIl Ru(000H
H+
H 7 o H
H ¥ H N FUH
Le__%\N/ ITI/ \9
]
7 77 LAV /
{d} le} //
Ammonia
Oxygen

(f)

Fig. 12 The structure of adsorbed NH; as
determined using ESDIADI®,
(a) H* ESDIAD pattern for<(0. 16 monolayers
of NHs on Ru {0001) and Ni {(111); (b) H*
ESDIAD pattern for NHz+O on Ni {111);
(c) H* ESDIAD pattern for NH3+O on Ru
(0001); (d), (e) Schematic NHs structure on
clean and exygen dosed surfaces; (f) bond-
ing model for azimuthal stabilization of NHs
by O on Ru(0001)

5) Soda-Silica #9 AEFM LD ESD D2 Hh =X
LIEDNTOFER LB &, Nab, O Si f Na:0O-
23102 B TR, A4FEB L UHTFN Auger WEIEOMH
BAREL > TOL T &I Ui, W02 =X sk
H oty vie d Fip 18 R,

8) HHMOWETHRBTEROD, 5%, BrOoZm~
DOIEHBE AL N5 SFETFHTF~0 PSD Q=R
TiCRT .

i) CHs*F* | CHsF+ CaHg/NaC1%®

noCals* Jf CHsF+ CeHe/NaCl
(CoHe™ M8 Nz
i) CsHsN™Jf CsHsN/Ag (116) /S0

5. S#Hho PSD B2

4Elo ESD/PSD OfEiTIE, &b K BTRE T
M4+ OBEROAER LI, e O BER/T
BHOHGECIDRTLHB O A S =R A BFR D
1, HEOTFABEESN TN,

ESDIAD % ARPSD T, B4 4 > mgkieiio
FHME LD NEFT TH Rt bbb o TEHSFTOR
FE & 2 D THYNAET, 4EHEREO R
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{Energy Level not in scale)

Fig. 12 Interatomic Auger desxcitation model for stimulated desorption
of sodium or oxygen ions. After trapping & hole on the nonbonding
oxygen 2p orbital, formation of a core hole in the Z2p shell of Si is
followed by an interatomic auger decay which results in two additional
electron holes in the 3i-0O-Na bonding orbitals, Coulombic repulsion
results in desorption ¢f positive ions. Creation of an O 1s core hole
results in a similar sequence of events®.

Fo R ERECBLEEORENEL N, LA
Ni(110) T 300K T, HeO Lz E A FER LI
A, BREHOSLTOMERT O 55 &, K H0
DR MRE 5, TRbBKBOU SRS FEER
BB, FIER,

Hz0+-O (ad)—>20H {ad} (2)
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RSO R HE OSSN BHETES,
X, fal, Menzel ¥ ik L T < 2 s T %
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BREE R ORIE T 200, B0 #-xXa%kx
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