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> X-ray excited N(KVV) Auger spectra are reported for sub-
monolayer amounts of ammonia adsorbed at 128K on clean and
oxidized polycrystalline aluminur.. The spectra were deconvoluted
using an instrument function derived from the measured losses
associated with the N(1ls) photoionization region. The resulting
spectra are compared with gas phase and condensed NH3j spectra.
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Auger slectron spectroscopy (ABS) fe widely ueed so o
Auger Spectras of Asmoniae on Aluminue msethod for the elementel analyeis of surfeces but the potential
snd Onidired Alus m-v of this method frr chemical state 1dentificetion hae only

recently begus (o be eppreclated [1). PRaperimenzally,
reports of the woe of AES lincehopes te fdentify aurface

chemical specias are scattered throughout the literature and

charles T. Canpdel1¢®) 3. . nmogers, 2r.¢%) 0. L. Mencel?’
include corvon [2-7], caygen [8.9] snd nitrogen [10) spectre.
and J. M. White
There are aloc reportes of ALS applied to free molecules
Departaent of Chemiatry
. {1, 11~17) sné thick soleculor films [1,38,19). i"e =.q0e chentcal
Untversity of Texas
information that 1e contained 1o Auger spectre of sclecular
Austin, Texas 78712
species Serives mainly from the very locelined cheracter of
the core hole. In & core-valence-valence Auger treceition,
Abetzact the initial cove hole probes the local valepce electrenm

é 4 th tl
Z-ray ezcited R(EVY) Auger spectre sre reporcted for fetribution and the measured relative intensity and line
» th ot n ~
subscnoclayer ssounts of sssonias sdsorbed at 128K on clean end i et FEREOES SEASILAYE 16 ShaRgte §5 dite
distrid v - /B dé t th
onidized polycrystalline sluninum. The epectra vere deconvoluted . RN & ordar Lo sxpivit tha petentisi of

thie method, careful studies of simple molecular systens
sured losses

using ea (netrument function derived from the a

®ust be avallebvie. Thie hae beesn dose using ssall crgentice

assoc’sted with the ¥(ls) phototonization region. The resulting

aed WM moleculea 1n the gaw phese and in thick molecular fi0me (1),

spectras are compered with gas phase and cond y pectra.
Simtlar date i1s avatladle for ssmontas (10,15-17).

(a) Supported fa part by the Office of Naval Research
Prom & eurlface sclence perspective, date for cheslsorded

(%) 57 Tce nt Address: loetictle tUr Phyathalioche
Cheste tele Mlochen, 8 MUnchen I, West Germany wonslayer and submouolayer coverages is of considerable
(c) Present Address: Diviston 2516, Sandie Laboratortes,
Alduquerque, Nav Maxico B718S, Interest for ot least two e i (1) te prebe the lntre-

(d) Visittag Professnr, Permanent Address: Dapartmest of selecular bosding cha

pn es that occur on pasaing from either

STt W e L e




-

the gas phase or a moleculer file to s chenisorbed phase esé

es of the

(2) to determine the coupling of electromic ot

substrgte with those of the sdscrbete. [Unfortunately

tastrument Sroadening, high ba aground levels and characteristic lose

processes tend to dletort the Intrinmsic Auger 1ine shape and a

suitedle response fynction must be employed for decon~

volutiog the date [20-22]. 1la the case of solecular filme

+

and chesisorded 1 re thie functicn should rescove fros the

ed spectrum contridutions due to the flnlte resclution
of tne snslyter, the energy width of the excitation scurce snd
soa-Auger festures (charscteristic losses).

As part of & thorough electron spectroscoplic etudy of
snall solecules oo aluminue (23], we report hare the
deconvoluted z-tay excited Auger spectras (XARS) of monolayer
coverages of ¥, on clean eand oxtdized Al. A fesponee
function derived from the N(le) regton of the x-rvray photo-

electron spectrum (XPS), rather than that from the traditional

electron Backecatter spectrum, vas employed. The resulting epectrs

Gre compared vith known gas phaese [19) end scleculsr file
(18] deta. To our knovliedge these are the firet reported

deconvoluted ARS spectras of sonclayer covereges of molecular

epeciee.

imentel procedure has bdeen described previowely

[24]). Reetdual on

o levels on the cless polycrystellitse Al
subsrtrate were reduced to less then 5% of an equivalent

sonolayer with evidesce Indicating that this caysen 1a distributed

throughout the svurface thichkness saepled tn these esperisents

(= so by ssbing the sctual tepurity level om the surfece <12. A dyvamically

pumped and calidrated sultichanne! arvay doser wvas esployed. Spectra were

generated selng Mg (Ka) w-ray eacitation anéd were tecorded sitally. The

double-p

s cylindricel mirror analyzer weas cperated ot o
Constant pase energy of 1N oV,

As Bessured, XARS ldats is ger

#lly éistorted by » large

end rapiély varyling secondary electros ba

ocund and by

characteriotic los

s suliered by Auger electrons as they
leave the solid. ¥e have handled these disterticns weling
@ method which has bees successfully soplied to L1 [23). 1k

wses on snalytical spprosisation o

ted by Sichafue [24)
for secondary background remcval end the vas Cittert
iteretive deconvolution method [20,27) for removel of entrin-
slc energy lceses ond brosdening due to flaite analyser
resclution. Second-order polynomial lesst-sguares escothing
(28] was applied uniforely to the deconvoluted date im as

effort te reduce nofse buildup {20,27).
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3. Repulte and Diecussion.

Loss spectra for semonia-covered Al and onlded Al arve
showa ta Plg. 1. Purther proof of the identity of the adsorbed species
descrided here can be found in vef. ¥, vhich reports complimentary UPS and
XPS data. A dachscatter spectrum for 39) eV electrons interscting with an

At thise

azsmonia-saturated alusinus surface (128 K) s shown (o Pig. I(

euperature, & sultilayer casnot be formed [29] and the spectrum clearly
shows Sulk (15.8, 1.9 and 41.9 oV) and surface (9.75 V) Al plasmons (30, 131]).
™is spectrum 18 fdentical to that cbratned for clean Al.

@ 1(b) shows & Spectiud under similar conditicons except

the Al surface was preoxided by exposure to 160 L of o~ ar
ro08 tespersture to produce & 4-7 » fila of ontde {J1]. The

s ot 7.2 ev 4 ia the teglon Setveen 15 and 22 eV can

?
be expleined 1o terss of as >~\>-ou interface plasacn [132)
end surface and bdullk plaszcns in >_~ou {33]. Both (a) and

e of submonclayer coverages

(%) tllustrae that the pre

does not alter the loss festures of the subetrate.

# that occur

The spectra of Fig. 1(c) and (&) shov loe

behind the x-rey excited N(I%) core foaleatlioa. Pigure llc)

e for & sude compareble to (a) while (4)

olayer cove

cond ed on A)l st 108XK. The no-~

1o for @ nultilayer of ¥

1oss peaks are the ¥(le) photoelectron tramsitions for -su ‘ade)

(BE = 400.4 aV). To fte right tn (c) arte the N{is) transitions

tor 4 sstelllte

oclated l:u (BE = 196 eV) and the Mg -aa &

of the no-lows peak (A2 =« 391 ov).

Is spectrum (d) theve 1o meo evidence for the dissocioted

esponia feature while the n-ray setellite fo clear. The

enly structure 1o the lo

fegion of (4) te & droad fesrurelese

v 11 eV, Ho @

sasimus n trate loes structure or los

sracteristic of smmconte (6.3, 9 and 1! «V) arve presest [34).

It 1s inte

ting that () and (&) have similor lineshapes

thet appesr to be charsctertiotic of msoleculor crystals swh as

sethancol |1

The secarch for an eppropriste lostrusest ve

with which te deconvolute the KALS date prompted

ocioted with the %(ls) tramsitio

gatton of the loss region o

Curve (c), after smocthing vith & 9-polat quadratic slgorithe

4 %y @& photoelectron

[28), vas « becsuse the lo

s experie

escopliag from & nolecule sdsorted on top of the surface are

by an Auger

sote libely to be similar te those expertie

e o the losses

electyon escoaping under identical conditic

4 electron which 1o strongly

experie by @ backecatte

This 10 »p

loes proce

coupled to substrate-vela

@ due to the Righ fute

ot ¢ ity

ticularly trve in the pre

One disadv

on losses In Al ke of using the N(le)

of pla

transition ie that the electron kirnetic enetgy fs Such lar

than for

* Auger electron of Intere

The decronvoluted resulte for @ 37 L enp

ute of ¥ y o

onéd omnidized Al et 128 K are shown in Vig. 2 [29). Alee

® the epectra flor e b (17] end

plotred for comperie

solid -a [18). The ladels ot the top of the figure refer te

the tvo-~hole fine' ..
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bave deen aligned vith the preconided spectrus (cutve c) by

ehifting esch spectrum to higher KE (dy the smount indica

2

80 a8 to maetch the le” pesk postiticme.

io the figure caption

BE(N(IS) ] =

The ainetic energles are referenced to the Fermi level of A
400.4 ov,

Theoretically, there are eleven pos

e treneitions for

ates asnd hs

u-u (gas) dut several involve triplet final

low intensity [35). Stz vell resolved bande appear 1a the

gas phase ectrus (s The orbitals involved 1a the

transic! ar )7 and Y80 eV are valence orbitals with

N-¥ and altrogen lone-paty ch

acter respectively. Siance

UPS results [J6) indicete that the aitrogen lone-pailr Autuv

b

o in the surface dond, the u.w and u.-—o

particiy

tons should de most affected in (b) and (c).

The scltd -uu spectrum (d) exhidite flve daande end »
2

sboulder st 383 e¥. The (le end Jo,” peaks are not resolved.

tareing, et al. [18] stcridute this to hydrogen bonding in the molecular

crystal. They find teansitions fnvolving the -_ ordital

are signiffcantly Broadened compared to ths gas phase, from
2
2.2 ta 2.0 eV 1n the case of the u- transicton. Janntson [38]

| has cecently shown that hole-hole in

ctione 1n doubly

fonised lone palr orbltals cause stgalficant etatic relazation

molecules which fors hydrogen donds

effects. Conden

in the

favolving lone-patr orbirale exhibic large chan

ed

intensity of the transition derived from the doudly fo

s phase [19].

lone patr ordital a&s compared to the

Lerkine ot al. [18)] evg

t that the satellice, vhose KX f¢
2

sitghtly higher than the -.-—osao- bande, can be asvsigned

to escitstion of the W(ls) [la,] electron to an unfille

symmetty, folloved by & normal

Rydberg state of the ss

Auger process.
Usfortunetely ous tesults ta Pig. 2 do sot tellect the
r 11

netural linewidths of the Au 9o, one desired result

of deconvolution, Thie fe Pecause: 1) swoothisg ves caces y

in tha instrument response snd the XARS spectra ¢ 1) the H(18)

lines contain broadening due to the width of the escitation
soutce which fe not present in ALS lines. The deconvolutios

here werved mainly to remove the broad loss teil occisted

vith slectrons esitted from the ¥H,(s) se showa fn rig. ile).
spectrs (b) and (c) show the deconvoluted N(KVY)

trsnsition for sudbmonolayer coverages of ¥ 3 edsorbed on

1, efter sdéiticsal

clesn asnd dined Al. Curve (c) from Vi

o used a8 the (nstrument resp e fusction fa

ssoothin

the deconvolution. Iu thelr rav fore both spectrs evre
brosdened snd show no prosounced festures except the saziss

socisted vwith the uo-—o and -~ trensitio

betvean the spectral festures of (b) snd (c) with those of seolid

The similarities

rprint™ the adeorded

ocus M _ not only posftively “fin

and ge )

epecies as moleculer -u. but slso justify the wee of thie

sponse function for the deconvolution vathet them that

btained by the electron beckecettering method. To our

knowledge, this 1s the firet reported deconvolution of the

orded

Auger spectrus of & submonclayer coversge o' ea

e i e . "

N




species. Spectrus (b), as com ared to the ethers, showve & cle Al, 1o due to & etronger interection of bnhOu with
stgaificant lose of intensity ia the u-u reglon, & dif- WH,, or merely en iscrease fn surface sres followisg
erentiasl ehift of the u.nu. traneition, end significent oxtdattio

inteneity in the setellite region. This smmontia i only Purther evidence supporting the conclusion that ",
veakly che orbed; thus, we ascribe sost of these inteneslity bonded te oxtidized Al 1o in en enviroument stsilar te that
shifcs to final state relaxation effects due to the presence in & cond el -u layer comes from the relative shifte i3
of the Al substrate. energy o ary for alignment of (b) end (d) with (c).

The similarity detveen (¢} snd the o ® of sclid Asacnia in & conden

¢ sultilayer i1s poorly screened by the

at ia substra

sts that n-u i tn & siwtlar enviro

Fersl sea. As & tesult, the kinetic cnergies of

o donded molecular crystal and on the oxidized all N(EVV) trenslticons sre lower relative to those of &

h
This fs sot surpristag in viev of the tonmtc scteened NH, molecule. The N(KVV) tra

itione shown i
cature of the oxidized Al surface and cbeetveld photoeminntion

(b)), for .-u bound to the clean metal are relaned ~¢.) ¢

compared vith solid -u. Lideviae, localizetion of electron

results [36]). Hydrogen bdonding in the solecular crystsl

density from the Al Ferwm! ses into fonic Al-0 Yo

favolves shering of a covalently bdonded, electropositive ® following

oxldation, should render this surface less effective in

hydrogen atom with the lone-palr of a netghboring nitrogen

-.n~

screaning holes created on adsorbed -o solecules cospared

atoms, Oxtdation of Al cr in

es Levis actid aites (A

to clean Al. This {9 experimentall ref
the surface regfon which, due to thelr small slze and P y verified by comparises

of (c) and (d) which are alemost equivalently escr 4. 1e

electropositive properties, should form & good substitute
ous WM

the totslly unscreened case of g

(a), the abife

for a ¢

alently bdonded hydrogea in hydrogen bond formatd

of all tra

iticne is enormo 10 eV .
Cosparing bdoth (c) and (b) to (&), 1t 1s sppareat th ke apadoce e

adsorption on the oxidized surface ve s solid -u sore

t s Al. Both XPS d UPS data (J8]

a -u adsorded on cl

indicate

at wmore I-u 19 sdsorded on oxidised than clesn

Al surfaces. A g ter concentration of -u could te

echance the spectral festures of (c) tompared to (V).

Oxidations of Al incre s the sutface area [)7]; thue it

cannot be detersined from the present date vhether the

focressed amount of ¥ sorbed on oxtdized an compared to

-
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Figure Ceptions

Electron energy lose specirs of l-u oa clesa

end oxidiszed Al. @) electron backecetter
spectrum of 39) eV electron on the Al surface
saturated with K, et 128 K. b) Same as (a)
except the surfece vas precxidized with 260 L
0, c) Losses behind the N(ls) peak for the
same conditions as (a).

d) Losses behlod N(le)

for & multilayer of KHy conden eé on Al at 106K,

BP = bulk plesson, 57 = suzface plasson, IF =
interface plasmon.
ZAES of the N(EKVV) reglion, for sdsorbded,
condensed and gas phase -nu. The spectrs
vere arbitrarily shifced by en

2

sasount AKE to slign the Je” transitions with those of
curve (C3. @) 'u

{17],402 » +§.]1 ev.

s 5) Ssturstios -u
covarsge on clean Al ot 138 K, ARE = ~4.0 V.
€) Ssturetion WM, coversge ca onléiced (260 L
ouv Al st 128 K, ACE = 0.0 (veference). &) Condensed

sultilayer -u [18), LRE =« +0.7 eV.
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