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Low-energy ‘lo* scattering from denterium adsorbed on stepped Pd(331)

W. b Lius! and R. Bastasz?

1] Las Alamos Nathonal Laboratory. CST-1, MY J585, Las Alamox, NM 87535, USA, atul
2] Sandia Nutivnal Luboratories, Org 8716. Livermore, CA Y4551, USA

We have taken angle resolved data for the scauening of low-caorgy (< | keV) 4lte™ from
dewsentum aduarhed on 1 ttepped Pt 33 1) marface  The Ingpect goometry was “up the staircase.” that
15, ths “He ! beam was pernendicalar to and directly mosdont oato the washadowed <Ut 1> 1'd ledpo

Moms. A sirang quan-clasilc ~caticrling ugnal of 1le™ from D (411e*/M) was ohserved &t a
forward acaticring angie of 0 = 25° and an isc1dence anpio of & = 76° frnm the (331) anrmal. The
results agree with shadow cone caleubstions of » atenng first from Pd ledge stomy fellowed by 2

nccomd ovent. 41lo?/D. The rosulant adsarpuon geamotry thows U 1a rewde in tha Juast thrselola
jedpe rrtc v the surface directly shove the bulk {cv octat.comi void. 1hose results arc consiiemt

with (ho proy kus et scaltonng study of the poomnictrically retased 15[ U1 LMads) system

Angle resolved scattenng of low-cnergy lons providas a iensitive inethad th detict.
wlentifly, atnd kowate adutoms on susfaces of sugle viystals. By using forwand seatiered 1He* wan
In a previous study.! we located deuterium i the valiey channels of 1'd( | 101 on quast threctokl o
o “higluidpe™ sites i agreement witl LIZRD dudics® and theoretical presdi ions 31 The puesem
study extends the substrate syem to u structuratly related but more complex P'de.3 ) rermace led,e
(TL) sutlace. Tlae objedtive of this sudy was (o locate deutenuns adwrplion sdes v the 1T,
Pdcial) durtace by ‘1o /Diads) low-cnergy ton scattonog (1145t

I he classical expression fur a projectilc scuttered ctastically o ¢.., translational eherfy and
MoK iUl ¢ o tved) 1w byiary collisnn witlt wi tnitially ststistiary target s wn e ated as 08

demiUs(l 4 AWV LI - Ay, th

whote O the lilxnatony sealletisg anple, A il target o proges ke st tatind, and v s tiw
relatlve velovity of the =eattercd purucle detlied ao v = (171501 where 171, 15 Ui 110 ol linal w
hotial opsadationat cncipy of e s attcnsd st Loe A < 1t bsa st ot b diple b
sedltertisg vt O0uan) - sl LA Twis scaticied was velimaties ane dervend fomn g (1) ot O« Qg
lot A < 1, whikclis o cmtsqucticd of [wa s oilet ol -Giass soadtenmg anglos (I collisadn wills
slightly altlten-to tuspanct paraniete ss) sappoig ontis o saiw 08 Twag ok ane alistesd, e p

o S ANl b anad the presetit study, b Ne® scaltesag Troms C auputity ot pobl.” aiml tor Ki*
Do Cu d B et woattentog Oy D), A - 05 and Qlman) - UFE



l‘ull expeomental details are given in Ret 1. Brefly, anglo-ieanlvenl waliering data were
tuken uxing a gas-discharge ion source and a differcntially pumped high vacuum scattering
chamber equippod with a S-cni-dum hemispherical elecimstatie energy analyzer  The wcident
beum produced muss [iliered, voutrul free | keV 4fle* with AE (FWIHM) < 3 eV. The snalyzer
angle was posltioned 1o £1°; the channe] multiplicr detector waz operited i the pubse counting
mode. The palladium singlo crystal was oricnicd by x rays. cleanud by repeated 1on bombardment
wnd anncaked In vacuum at 1000K! to remwove surface impurities. LEED neasutements coulimied
that an ordered t331) surface resulted from this procedure. The Da(g) gas-daser was postioned 2
<t from the aample.

Figuie 1 sbows the scattenug goortietty. An orderad foe(331) suslace consints of 1epeuting
terraces 1n a terrace ledpe (TL) array with the (33 1) surface at 22.0° trom the (11 1) atamuc terraces.
The inchlent *Het beaun and detector buth are in U { 110) plane of Incldetce which i»
perpondicutar to tho t111) terraces, the (331) ang the ledges. The beam is porpendicular w the
clo~e packed row of 1'd lodge atoms at an anglo a froni the (33 1) surface nonual. We reter to tus
cuwifiguration o going “up e suircus.” The iocident beain is paraliel to the (11 1) termaces w o =
W 227« 687, Al @ - 767 where our most slgaificant data were taken, tho incldent ks are actually
8" below the t111) tenacex wnd impge upon the I'd Jedg * aoms. The optimum laboratory
scattering ungle, U af Eq (1), was nonunally U = 25Y, whuzh yrelded well resolved, atrong
weatwerlng signaly.

Atonne pewnieu y i illusurated in die hard sphere photogpruph of Fig. 2. uthe inuen 2)
seghicnoe of (HHD) vicimad autfiwes, it 3 Tor the (LD, The iepeat sequeice s tliee < 1R iawe
of atotns Uwen a step of sdugle atowie height i the {11 plupe, duee tows and o step, wnd so
tontlh Deuterium adsorption sites labled 1, 2 and Care wlentibied W Gag 2 Sie Y iacoslhaca
witlt the « 1 10> I'd ledpse stofit, and Site 2 i of special witeres not valy hecause i consiaent
With our data, tut alwo Decausc it abisig with Site 1 i o surface beeddnn dinectly atwore e Lulk
octahedral viud st the lutree position (172, 172, 172). Fuoutliet, Suies 2 wud | conespomd b die
guas threelold posttions foucd to be occupiod by Tadsl u Kel. |

The presine of anlace alodive i derived (oot inustina i il Cattenig spectia akd
pesnenes flonn angular depemdenes  Figure 3 slesws the e gy spectonnof TheV et
sosttercd up G tadreuse™ fromn P33 1) covered with D, at = 77.58%, 0 = 282, 185 C and 14121
w27 10 Ouly 1) sl Bl ase presctit s sagutlhe ant anruimts T jeaks didugtabite e
A1 e~/12 aro cleardy present ut relative coergiios, /14 L the uppet maxinwiin o O 62 and ut @ 14



for the lower maximum. The identity of those iwo peaks as bemg $He*/D was firmly cstablished
in Ref. 1 and substantiated herc by varymg 0. The locations are clase to those calculated hy Ig
(1 B/Ey = 0.61 (upper). and 0.18 (lower). The lower peak did not exhibit consisicntly rchable
experitnental variation, e.g.. (8 inteusily n Fig. 3 is anomalously high, snd »o we concentrale on
the upper peak. The upper peak onergy. however, is mgher than the calculated value by 7%. Nn
sufficiently large sysiematic error in onergy culibration or ineasured ungles could be locuted to
oxplain the discrepancy. which led us to question the single event, hinary collision scenano of 1.
(1). The true scattoring angle of Fig. 3 appeured to be 2°-37 lesy thun the presumed 25°. Adding
support to this possibility are the oi-scan daw.

Figure 4 is 2 representative a scun af YHe*/Lads) scatienng intensity versus anglo, e,
tiken at the prelerred 0 = 25° angle. From several kets of data, the upper stxlnnin ovcurs at 76.5°
4 2% the lower maximhm was consistently ubotit 3° hugher tor reasons we have not as yel explored
Two questlions arose: 1) Why shauld the @ plot be peaked in « well defined maxinutm at 6~ 76 57
12t 2) Why is the upper enorgy 1n Pig.  higher thun cxpecled” Shadow cones provide a single
unified answer 1o both questions and. (urther, give stomic logutiony.

Vigure S 17 a shadow-cone plot of 1-keV 4He* scutteied by W0Pd by & ZBL putential aud
781, sereening.® “The plot s superimposcd on the 1'd(3A1) “np the stacase™ geonctry In the
experimeital { 110] plane of thetdence at 8 below the (11D tepace, i B, @ « 767 from the
surfacc nonmal carrcsponding appraximutely to Flg 4. Ar this @ angle, the cone edjre intetseers
surface Site 2 of Pyt 2. and passes 19227 below positeons 3 witht geeatly colistced 91le Qo wt an
cuergy within 1 ¢V of K, By this stmple construet, tie obiserved = 76.5° 27 peak position nf
Fig 4 inexplomd spuaitatively by 1D aceapucy o Stes 2 o0 3 The shushow cone alsa i o

strong taplication tor the upward shiit of 114, of the uppor peak w Fig 3

A close exatnnation sl e studow cone of g S ceveals thnt the coue bouwdary as
crosaes Sitie 2 s oot Dt st qpebie, pustisllel s tlne swcldent beanslyecttoon. he cane dbamneten
stult expattding witd the edge st o suall angle of - 1° withe tncldent ous, The $ile*/ seantering
snphe G bowered Biosss 297 Ly thiat atmast wlikcle o e salses e s aboplated cuct gy tatn be 067

which agrees with the abserved value.

Tl slich o o celger posses saviey Sure 1o s 207 whind b s Below e g ol oliscgvesd
vabies T o tewsas e 10070 (Sie 1D st event s ot abserved s that the soalic
trajectory duvetly lnterseats 'Y atutus o the dest tow upr Consequently, Stie Tesen I eoogded
watthl s B detected mthe ptow it setot expentents o cotiplele e tall exatinptig ol il



such possible sites, azimuthal scaticring data, e.g.. pusallel 1o the <1 15 ledges, woulil be necded.
Studics of other vicinul surfacos would be invaluable.

Slws 2 and 3 both satsfy the goemetrical constrmnts imposed by Figs. J. 4and 5. It s
interesting lo conskder an arguinent based upon covalent radil which favors Sile 2. Covalent rhil
are Pd - 1.38A: H 0.32A: the sum Is 1.60A. D may differ slightly from H due to different zero-
Point cpergles but not enough to alier our conclusions. The nwtallic Pd-Pd distance along the
<110> chains in Fig. 2 is 2.743A which does not leave enough space for a co-lincar, covalont U
configuration Tar quasi-threefold Slte 2, the uurelaxed crystallographic I'd-1) separation is
1.58A. which 1z close to the sum of 1.60. From our duta we do not. of coumse, claim to locate 1)
precisely within the (111) terrace plane or ahiva it closer than & few tenths of an A

T conclunton, e MY als) forwanl scattenng data lave Jocated D ailvonptlon syunnetry
slies on the Pdc 33 1) sepped surface. The resulis fuvor suriace pasiuons dircetly abave the bulk
actuhedreal void sltes.

Achtiowledgmenuts: We wihsh to thath 3 A Whakey for tevhiitieal assishistee, M ™ Paffent Lo
providg the arlpina Pdi331) cryzial, and T. E Fetwer for LERD measurcmiciny. This work was
atppostesl iy the 1S Departinent of Fuetgy sndes contuiet DI ACER-94A LB
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Figure Captions

1. "“Up-the-stuircase™ scattering poomeury for 1 keV “He* in the {110} plane of incldence ot
steppod Pdi331). The anglo of incidence, a, iz measured relative to the (33 1) surface normal:
0 » the labunitory seatloring angle  1le* beam cones in 8" below tho (111) lemace planc.

2. Hard sphere modol of Pd(331). The incident bean is perpendicular w the <1 10> lodge.
Moasible adsomption Sites 1, < and 3 arc nurked.

3. linergy distribution of 1 keV ¥llc* scattored from Pd(331 Vixads). @ = 77.5° 0 = 25°, sample
T. -1857°C. \Dy): 2.7 x 10 4 P, 325 nA incldent beam curent. Vettical seake o log g of
xipnal counts ormal ized by Incident o lan dose (0 S pCchanncl). Dashicd curve  cleancd
Pdi331) without D

4. Alplia wan of e A %ads) scatierlig Iintewsty veiste angle of iwtdein e, o, for seatlening
wngle 6 = Ay~

5. 781, shadow cone plot [or | keV 41le=/'"yd suparposed on the Pdid3 1) “up dic Marcase™
Jireclion, The coue edyge showi hete itersects asdeprption Site 2 at @ - 76",

‘o



REils and Basiar “Low=FRnergy g0t Scattering trom Deuterium Adsorbed on Stepped 1'd(231)"

a ot .-\ ope
yesdeenn (111)

4He" "\ 0

HlllllllllllllllllllIIIIIIIIII'.

Figre 1



Fihs atel Bariass 1w -bawTqy R Scatterag from Lwaconam Ad<aried nn sioppso1 Ffy 21

Iy 2



[

Log Signal (counts/nC)
ach N

Eihs and Hagtass: “{.ow-Enctgy et Saattering rom Lsuterium Adsarbed un Ntapped Fel(331)"

T » - | ———— l n ] | v T B 2 ] s ol " () P —— T

1 kev 4He"‘ Pd(331)/D(ads) #=25° Pd

AW, A M .
g e o‘\l :?" " . al
“uﬁ'ﬁ“'f"\{; i LN‘ . lmﬂ." “-.",-:'," ?\'n‘
I
[ P N S jJ A P ek ‘L_‘
0 0.2 O 4 0. 6 0.8 1
Relative Energy (E/EQ)

Fuauate 4



Elix and Dastass:

“Low~FEnergy 1Hst Scatzening fram [Deaterum Adsorbed on Stepped Pd(131)°
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