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ABSTRACT
Photoelectron diffraction data are presented for the systems
sulfur/Ni(001) and selenium/Ni(001). A combination of all normal -
emission data leads to a clearer understanding of photoelectron
diffraction from an adsorbate core level as a two-step process.
Experimental observation of ‘diffraction effects from low coverage,
disordered overlayers of selenium demonstrates that the.diffrac—

tion is clearly due to backscattering off the nickel substrate,

and also that normal photoelectron diffraction is potentially

quite useful in the study of disordered systems. Certain criteria

are established which any photoelectron diffraction technique
must satisfy ﬁo‘be a viable tool for studying surface structure.
A:comparison,of ¢(2x2) sulfur and'selenium data and presentation
of off-normal data for the éelénium éystém leads to the conclu-

sion that normal photoelectron diffraction satisfies these cri-

teria. Normal photoelectron diffraction was observed for the.

nickel 3p shell and valence band, showing that both diffraction

*Also with the Dept.,of Physics, University‘of Calif., Berkeley.
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and multiple scattering processes affect angle-resolved pﬁotoé

. ‘emission intensities.

'S



I.  INTRODUCTION
The possible use of final-state scattering effects in

angle-resolved photoemiSsion from adsorbate orbitals to deter-
mine adsorbate—sufface structure‘has-been the subject of several
recent theoretical.investigations.l'z' The basic idea is that |
the photoelectron's de'Broglie wavelength wbuld be comparable
’to interafomiC-distances, leading to diffraction phenomena.
Photoelectron diffraction has reéently.been 6bserved in several
systems, in two experimental modes: normal and azimuthal
-véhotoeleétroh diffraction. 1In normal photoelectron diffraction
(NPb),3’4 energy—anaiyZed photdelectfons from a specific adsor-
bate level are collected in "normal" geometry; i.e., perpendicu-
lar to the subsfrate surface; The‘photbn energy 1is swept through
‘a wide rdnge, and an electron intensity—vséenergy éurve is there-
| by generated. Azimuthal phOtoelection diffraction (APD)S'6
consisﬁs of rotating the sample about its normal and recording
the intensity of the energy-analyzed édsorbate core-level photo-
electron peak, while holding the photon energy constant. Both
NPD and APD have somé'eXperimental advantages, but neither has
as yet been shown fo be a generally useful'technique fof
adsorbate structure determinations, although in an_éarlier
study3 we inferred that this might well be the case for NPD.

In this paper we shall present further evidencé which indicates
that NPD is in fact of'general applicability; In the course
v,df the paper we_shail answer several questioﬁs that were.left

open before.
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In our earlierv‘study,3 normal phbtoéleétron diffraction was
obsérved‘in-ﬁhe c(2x2) Se/Ni(Obl) system. Remarkably good agree-
ment was found between peak poSitiQﬁs in the se(3d) intensity
measured normal to the surfacevas a funéﬁion of photoh energyb
and recent calculations by Tong and Li;z‘ The data éupported
conélusions froﬁ LEED7 that selenium sits in a fourfold hollow
site On'Ni(OQl). ﬁowever, we also noted an equaily.remarkable
corresPOndence_of‘the peak positions to those observed in the
LEED OO beam. If the Tong—Livcaléulationé-had not been avail-
able, our results might ha§e'been interpreted as indicating
thétﬁNPD measures essentially the LEEDYOO'beam}. These two
observations actually lead to contfadiétory conclusions: the
" LEED 00 beam peak positions are often quite insensitive td the
adsorbate—SubStrate ihterplanar spacing, d,, while 4, waS-in.
fact the crucial pérametér.in the Tong—ti daléuiations.

Recent azimuthal studieé, oﬁ the other hand; have also not
definitively shown APD to be sensitive to d . ‘Indeed calcula-
tions by Tong.and'Li on the Se/Ni(001) system tend to_shdw that,
for this system at least, the azimuthai studies are not very
sensitive to dl.__Scattéring mechanisms within the adsorbate
oveflayer itseif are emphasized, and esseptially the same azi-
muthal variations of intensity were obtained;-independent of
dl;8a Howéver othervcaléulationSSb.indicate that pronouhcéd
" variations in thé azimuthal dépendencé on d, are present for
selected kinetic enefgies. We leave ﬁhe subject of APD at this

point, noting that more work is needed to establish the magnitude



of its eensitivity po di'
Clearly, any photoelectron diffraction technique muet

satisfy et least two elosely-related criteria before becoming
a viable'method‘for adsorbate structure determination; First,
the deinent scattering process must be.off'the substrate, and
must manifest itself as easily measureable variations in differ-
ehtial cross-section. Seeond,'the mechanism mﬁst be sensitive
ﬁo-edsorbate.regiStry tﬁrough QL or SOme_other ﬁseful parameter.
In this paper we describe experiments‘designed‘to test_the
"extent to which.NPD does indeed sapisfy both of these require-
ments. .

| In Section II-we outline the experimeptal techniques more
explicitly than in our previous_paper.3 Section III presents
new photoelectron diffraction data from a series of experiments
whichvanswer Specific qﬁestions about the promise of NPD as a
'surfece structurel tooi. Conclusiens are summarized in-SeCfion

V.

IT. EXPERIMENTAL
All the ekperiments-were performed on the 4° braneh of
Beam Line I at the Stanford SYnchrotron_Radiation'Laberatery
(SSRL)._,On this line, usable photon intensities Sre a&aileble'
between 40 and 280 eV phoﬁon“energy. " The photoelectron spectro-
meter.emplQYS a 5.40 cm mean radiﬁs hemispherical ahalyier
‘ which can be rotated througﬁVZH sﬁeradians of SOlid anéle-and

which allows for simultaneous analysis of a_raﬁge of electron
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kinetic energles via a res1st1ve -anode’ multlchannel detectlon
system, thereby enhan01ng the detection sens1t1v1ty by a factor
: usually between 10 and 100. This latter feature was especially
important in the studies reported here, as the ring current was
._quiteolow'(3e4 mA) throughout our.running time, yielding a pro-
portionally low photon'flux; .In fact these experiments would
have been imbossible with a single-channel detection.system.'.

_ A'more'complete description of the analyzer, drive, and detec-
tion system will be published in the.neer futnre.

A high?purity nickel single crystal with a surface orienta-
tlon to w1th1n 1° of the (001). face was mounted in the photo~
emission spectrometer._ Previous treatment of the crystal had,
largely removed the bulk impurities, so that short cycles of .
argon-lon bombardment and anneallng to 700°C were sufficient
to produce a clean and ordered surface as determlned by 1n situ
'LEED/Auger analysis. - Selenium and sulfur coverages were prepared
'.by directing an effusive beam of‘HZSe or HZS at the crystal,
which was heated to 200°C. Exposuresuroughlyvequiyalent to
those reported by Hagstrom'and-Beckerg:were_required.to produce
ordered c(2x2) overlayers. 'LOW—resolution'energy distribution
" curves of the approprlate adsorbate core level (Se(3d) or S(2p))
were recorded at.photon-energy increments of 3 eV. Figure 1
shows part of the photoelectron spectrum of c(2x2) Se/Ni(OOl)
at a photon energy hv = 150 eV. . The nickel valenceiband andb3p
peak‘ére clearly visible, as is the Se 3d peak. The surface

sensitivity of NPD is exemplified by the fact that this latter
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peak, which arises from a half-monolayer adsorbate coverage, is
of comparable.intensity to the bulk-derived nickel peaks. On..
comparing.a series of spectra like that in Fig;'l, but taken
at successive photon energies, dramatic variations in the rela-
“tive intensities of these three peaks were obvious by visuai
inspection — a conVincing demonstration of photoelectron.dif;'.
‘fraction.v‘To'obtainbpéak intensities, a smooth-backgrouna was
subtracted from the electron distribution curves, the peak
areas were.calculeted, and corrections-were made for photon
flux and.anelyzer transmission. These:corrections are‘dis;
cussed below. | |

In‘constant-initial—state kCIS)lphotoelectron spectroscopy
the excitation of a given core level of binding energy Egp is
followed‘by varying the kinetic energy (KE) at which the photo-=

electrons are collected to satisfy the Einstein relation

E, = hv - KE

In.all.éIS studies two corrections are obligatory at each .
(hv,KE)combination; .The first is-é correction for the analyzer
transmission fnnction which,'from'eleméntary optics, goes as
(KE)_l.lO -This fOrm.ofvthe correction,‘which should be a good
'aoproximation.for our analyzer,'nas.now been applied.'-In .
any case, the correction is smooth and will not affect peak
positions significantly. The second correction, that‘of

correcting for incident photon flux, is more troublesome,

- because VUV monochromator transmission functions are far from
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'stOth.g-In this WOrk and in our previous study3 we have‘cer-
”rected for'photen.flux by measuring the'photOyield'from a gdld
mesh and assuming that the observedvbhotoyield‘is proportional
to the gold absorptlon coeff1c1ents measured by Haqemann, et'al.'11
The 51m11ar1ty of the transm1531on thus determlned to that
Ameasured earller with a standardlzed Al2 3 photod:.odel2 indi-
cates»that this assumptiOn is reasonable and that at most any’
Vdiscrepancies vary slowly’with energy. The advantage of using

a gold mesh is that photoyield measurementS'Canyusually be

made simultaneously with the photoemission experiments; although
the .low beam currents mentioned above precluded d01ng so. in the
vpresent wqu.v Instead the ‘photoyield measurements were ‘carried
out beforerthe photoemission measurements and’appropriate cor-.
rectionsvfor beam current were made later. ‘A.plot of the
resultingecorrected-intensities.producesvessentially aiconStant-
initial state photeemission spectrum. In all cases backgrOund
subtractlon, near 62 eV kinetic energy was compllcated by a
lbroad nlckel Auger peak at thls energy. 'Hence, data near this

kinetic energy should be treated with cautlon.

'III; RESULTS_AND.DISCUSSION’

In this Section we present the results of a series of
experiments._'Each is discussed in'turn, and conclusions are:
summarized‘inlseetiOn Iv. | |

rProceeding from thegspectra'presented‘in,Fig. 1, it is

natural to inquire whether the nickel 3p and valence-band peaks
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exhibit photoeledtron diffraction, in addition to that shown

by thelée(3d) peaks, which was documented previously.3 They

do, indeed. Figure 2 shows the intensity variation of the
nickel-derived features, plotted against energy. Peak positions
for the Se p(2x2)_s£rueture_lievat the following kinetic ener-
gies (relative to the nickel vacuum level): Ni(3p); 54, 73, 111,
145 ervNi(Valence band) ; 82, 119, 187 eV. We present these .
reselts simply to documentﬂﬁhe effect of photoelectron diffrac-
tion from substrate—derived peake, and will make no ‘attempt at
‘quantitative data ieduction. The fact’that'intensity maxima

lie at different kinetic energies'for the se(3d), Ni(3d), and
‘Ni(3p) shells is noteworthy, and it suggests several future
lines.of investigation, bﬁt no unique interpretation. Obviously
~ the nickel data are. less amenable to simple interpretation‘than
those from;the'Se(Bd) orbitals, because the photo-current qri—
ginaﬁes from several ineéuivalent‘layers of lattice atoms. ‘It
should be noted that photoelectronIdiffraction can substantially
modulate'anglefresolved photoelectron (ARP) intensities from |

single crystals, at the #30% level. ~Thus ARP intensity varia-

tions,cannot>be interpreted meaningfully at a higher level of

accuracy unless photoeleetron diffraction has been taken into.
account.

Figure B’Qhews'all of our NPD resqlts‘on the c(2x2) Se/Ni
(001)'system_obtained to date. The top curve repeats our
earlier data,3 after ah error that was made in correeting for

“the analyzer transmission function in the earlier study has
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 been femoved.v This_gives a significant change in relative peak
inténsities, but peak positions, which are listed in Table I
for-all_four.curves;have<changed by at most 1-2 eV.  Curves.b,
é; and d in fig. 3 show new data on fhis system. Curve b was
ébtained undef the same conditions as curve a} and éhdws remark-
‘ably'éonsistent results. Peak positions are identicél to within
1-2 ev, and the peak intensities are near1y the same. Curve c;
’demOnstratesifhe éffeét of ghangin§ the angie of inciaence of
the light to 80° along the same [100] azimuth, so that the X
vecﬁor is only 105 of f normai. There ié a small shift in peak
: positiohs Ahd.intenSities, Finally, curve d shows the effect
of:changing the aZimuthalvincidence‘of the light td be along -
the [110] azimuth. We.cdnclude that, at the level of accuracy
with.which the NPD curves in Fig. 3vwere measured, the peak
positions énd intensiﬁies are quite répfoduciblé ahd ao-not

- depend sensitively on the azimuthal or polar orientation of the
. photon polarization vector in the range that we have studiéd. |
| At this point a'preliminarY‘estimate of the accuracy. of

4, values determined by NPD is of interest. This estimate
must be preliminary because 6nly a very limited sef of data

- and of theorétical curves is available. For the same reason
it muét be_cOnSerVative. We note the rms peak—energy repro-
vducibiiity ofvti.SveV in Table I and the rms shift of 50 ev/_
in the peak positions caléulated‘by Tong and Li (cited in Ref.
3) betweehIthevtwqfold.bfidge and fourfold hollow-site peak

positions. DivisiQn-yields +0.03R: on[this-basis it is realistic
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to estimate the-error of NQD as 30.05& in dl,’whioh compares
with LEED accuracies.

There.is another pleasing common characteristic of the
- four curves 1in Fig. 3.' If the diffraction maxima and minima,
could be eliminated by some sort of avefaging'process, the
oremaininé‘ourves would have the energy dependence expected tor
a nodeless initial state. That is, the intensity.would.rise
_above threeﬁold to a broad maximum centered ebout 100 eV above
threshold, then decrease. This obeervation, which was missed
in the earlier study3 because of the errant correction for
analyzer transmission, supports the view of photoelectron
.diffraction as a two-step process. There is fifst an atomic-
likevexcitation followed by scattering in.the final state which
introduces intensity oscillations with energy. The photoemit-
ting atom acts like an'electron gun, with an "emission current"
given‘by the atomic.cross—section. The ooserved photoemission
intensity can theﬁ be'teken as a product of an atomic cross-
section term and an oscillatory funotion which describes the
final-state scattering. This picture is consistent with recent
theoretical predictions13 that initial states poseessihg radial
nodes exhibit NPD cﬁrves witb one major sharp peak, the position
of which is insensitive ﬁo dl.' The peak ie merely an artifact
of a Cooper minimum inothe atomic cross-section, which sharply
attenuates fhe cross-section avfew eV.above threshold, and
keeps it at a low veiue for a long range of energy.v Although

the diffraction'oscillations may be present at higher energies
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they Qill'be{diffiéult tolbbSerVé beCauSe'the ehtire élastic
peak 1in the photoemissién‘spéctfum is very weak and is obscured
by “néise“"arising from the inelastic background.

Af this point we maké an interéstiﬁg qualitative dompari—
son of the NPD'spectrumvfor the_p(ZxZ)Se/Ni(OOl) system to
the published™® LEED 00 and 01 beams for this system, as well
‘as to the qurﬁe calculated by Tong and Li. We qommented briefly
on this comparison before. Ail four curves-appear in Fig. 4. |
The closé»cOrreépondence Qf peak pbsitions ié striking, and it
supports the prediction that.an NPD spectrum éhéuld contain a
coherent-sﬁperpoéition of LEED:béams, with‘the_normal 00 beam
being emphasized in the NPD spectrum. As noted beforé;3 the
péaks at ca. 37, 88,>and‘134 eV are Bragg peaks in the 00 beam,
whileifhe 58 eV‘péak arises from multiple‘scattering, théreby
demonstrating the importance of considering muitip1e scattering
‘in éngleéresolved.phOtoemissioh.' Another earlier observation —
that the NPD reiatiVe peak intensitiés.ﬁere close to those_in'
the 00 LEED beam —was incorrect in light of.the.new'intensiﬁy
corrections. |

To.further characterize constant-initial-state photoelec-
tron diffraction, we also carried out off—ﬁormal_studies in
the c(2x2)Se/Ni(001) system. In Fig. 5a, we.show results for
emission into the (100) mirrof plane at vafious polar angles,
while in Fig. 5b similar data are:shown for emission'into the:
(Oii) mirrbr plane. The curves are rich in.structure, and.if

they could be interpreted quantitatively, would pfobably yield'
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>a good’deal of information. Itvis also clear that the intensify
moduiations'aré not nearly as pronounced off normal as they are
atsnormal'emiSSion. Indéed} at.some anglés little structure is
v»obsstvéd at.all.,'This_can be undertood as afising from.the
reduction in symmetry of the off—normsl fihal state and the
éonssquent'femoval of degeneracies in the various time-reversed
VLEED beams contribufing to the final state. We discussed.this.
éoint earlier.3 It is probably also responsible for smaller
sscillations being observed in azimuthal spectra (APD). In
contrast to the behavior ofvthe LEED 00 béam,14 there'is no
obvioﬁs Systematic shift of peaks_energies with (poiar) emission.
anglé}v In fast the curves seem to evolve more by reduction in
the;inteﬁsities of some peakssand,ihcreases in others.

Although the,off—nofmal curves in Fig. 5 were taken at a
vcoarsevahgular mesh and do not represent as compiéte a study
‘as would be desirable, as the first of theirvkind they yield
eﬁough informafion to mérit several observations. Clearly the
photoelectrQn diffractioh curves'evolvé with polar angle 0
differently than does a single LEED beam.v This is, by-negative
‘ infereﬁce, consistent with the'expéctation that the off—ndrmal
‘photoelectron diffraction curve will be comprised of a coherent
superpositiQn of several LEED beams, witﬁ the amplifude admixture
tcoefficiéﬁts varying with 0. Careful theoretical analysis will
be required to estabiish the. extent to .which these curves can

in fact be fitted quantitativelyo
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'Ohé of the-origiﬁal‘incenfives for these off-normal studies.
.’was to ekplore whether the intensity—voltage curves became par-
.ticﬁlarly.simple at particﬁlar hbnezerq values of ©. For
exémple; théi(ee_,¢e_) combinations of {45°,»l805) and (54°, 225°)
correspond to emission normal to the (I01) and (ITI1) planes,
'respectivély. Some sensitivity might‘be éxpected in these.
.curves'tovthe dl values Qf_overiayer‘seléniumbrelative fo these
two planes, althdugh COmpiicating factors abound; e.g;, low
vsymmetry, energyedepéndent refraction, étc. In fact we have

not noted any obvious relationships between-the»forﬁs»of the
off—nOrmalléurves in Fig. 5 and the known adédrbéte—substfate
_gebmétry; This question must be left open pending further_
.experimental and thebretical work. There is, however, one
unexpécted feature of the off-normal curves that deserves com-
ment. The three laﬁeral paifs of off-normal-curvesvin Fiq,‘5jshow
a fair degree of_résémblancé‘to one another. - Thié is most
pronounced in the-middle pair,‘which is also the off—normal

pair showiﬁg the iargest photoelectron aiffraction modulation.

In Pig,'6 these two cur&es_are compared on a common eﬁergy'
scale. Several bf the most prominent peaks fall at similar
| energies, with similar intenSities, in the two curves. At this
point we Cah only note this intéresfing similarity as:an
empirical fact, to be clarifed by further résearch; ‘The pair-

wise similarity of the curves in Fig. 5 for similar polar but

different azimuthal angles suggests in asvery tentative way

that the polar angle alone may be -a critical variable in
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determining_the scattering curve. - This wouldvbe true; for
 :exampie, if ‘the substrate surfacévWere efféctively an isotrépic
scattering plane. |

Perhaps the most conclusive way to show that NPD does not
éimply méasuré the OOILEED beam is to study a different system
in which éeak-énergies in the LEED 00 beam are similar to those
in the selenium sygtem, bUf for which peaks in the NPD’CUrﬁe
are different. Such a system is c(2x2) sulfur on Ni(100). 1In
Fig. 7 we show NPD results for that system and, for comparison,
the second curve in Fig. 3 which shows similar 'data for the
Se c(2x2)/Ni(001) . The S(2p) core level was used as an'initial.
state-fbr thevsulfur data. At first sight the ‘curves in Fig. 7
appear.;emarkably similar. However, as the dashed lines in
the figure ana the tabulation of peak positions in Table Ii
indicate, fhere are differences between the two cases which are
well outside our experimental error and which cannot be removed
by simply.shifting one curve with respect to the otﬁer, The
curves' similar appearance is probably attributable to the
fact that the S(2p) and Se(3d) radial wave functions are simi-
laf; hence the.atomic cross-section term‘diSCussed earlier will
be similar for the tWo cases. Calculations will be presented
in a future paper which will show that the sulfur data can.be
fitted using a value of 4, = 1.38,%° £he samé‘valué reported
frdm-LEED7 and other photoemission analyseé.l6-vThis result

is the clearest indication that NPD is sensitive to 4, .
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.The final data set which‘we wish to present (Fig. 8) is
that for_disordered low coverages‘of selenium on Ni(001). The
top ourve ih'Fig. 8 shows NPD data for a coverage of approx1—'
‘mately O. 1 monolayer, whlle the middle curve is for 0.2 mono-
layer. -Neither surface gave an ordered LEED pattern, but both
- show substahtial photoelectron diffraction effects. Indeed!
the amplitude'of.oscillation is nearly.as large in these two
cases as in the bottom curve, whioh shows the c(2x2) eurve for
comparison. The 51gn1f1cance of thlS result should not be
under-empha51zed. It shows flrst that the domlnant scatterlng
mechanism in NPD is deflnltely'offvthe substrate and not the
overlayer itself;'otherwise the effect in the disordered over-
layer.would.not be so large."It also cohfirms the claim made
in our earlier paper that NPD, like EXAFS, can deal quite
effectively with disordered overlayer systems which are common
in surface studies (especially in the.case.of-steppedvorystals).
This is a sighificant advantage over LEED, in thch 00 beam
1ntens1ty variations are the only changes useful in making a
structure determination on disordered overlayers. A similar
eXperiment using azimuthal photoelectron diffraction is clearly
-in order, to determlne the extent to whlch APD 1s sen51t1ve to
the substrate—adsorbate overlayer geometry as opposed to the

geometry of the overlayer alone,



Iv. ‘CONCLUSIONS
In this paper we have reported the results of a series of
‘expériments designed to test the viability of NPD as a‘surface
: structuré-sensitive technique. Our principal conclusion is
that NPD is indeed structureésehsitive, and is a candidate
techniqﬁe for adsofbate structuré determinatidns. Detailed
conclusions are givén below.
1. Botﬁ adsorbate and substratévlevelé show large NPD
-oséillations, including multiplé scatﬁering peaks. ' Thus
photoelectrén difffraction effects; including multiple
scattering, mﬁst be considered in quantiative inter-
‘pretations of intensities invangle—resolved photoemission
_experiments.
2. NPD intensity—energy curVes_afe reproducible,~and
peak poéitions show little sensitivity to the difeétion
of the’photoh_z'vector.
3. The intensity—energy*curves,for both suifur and
vseleniumlon Ni{(001) behave»like étomic cross-sections,
modulated by‘ph¢toe1ectfon diffraction peaks, supporting
a two-step mechanism.
4. NPD measures avcoherent superposition of LEED beams,
rathér than the OO beam aloﬁe. -This follbws_both from |
off—normal studies of c(2x2)Se/Ni(061) and from NPD
studies qf c(2x2)s/Ni(d01),

5.V‘NPD_is app1icable to disordered adsorbate systems.
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6. Off-normal curves showed smaller oscillation ampli-
tﬁdes,than NPD'curves; and showed somewhat similar

eleution with 6 for two different values of ¢.
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Table I. NPD Peak Energies (in eV) for c(2x2)Se(3d)/Ni(001)

Data set? Peak 1 . Peak 2 Peak 3 Peak 4
3a b 53 86 - 130
3b 37 52 86 . 131
3c 37 52 89 136
3@ 37 54 87 130

a) Refers to curves a - d in Fig. 3. .
b) All entries are electron kinetic energles referred to

the nlckel vacuum level
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.~ Table II,“COmparison of NPD and LEED 00 Peak Energies.

c(2x2)s(2p) wed*  LEED 00°
. peak 1 32 eV 36
- Peak 2 52 eV 56
' Peak 3 78 eV o 92

c (2x2) Se (34)

- Peak 1- . 37 ev 39
Peak 2 . 52 eV 56
Peak 3 8 ev 9L

a) All NPD data are electron kinetic energies
referred to the nickel vacuum level.

b) All ‘LEED data from Ref. 14.
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FIGURE CAPTIONS

Figure

Figure 2.

Figure

Figure

Figure

Figure

1.

4.

Normal photOemissidn spectruﬁ from c(2x2)Se/Ni(001)
at the photon energy hv = 150 eV, showing the nickel
valence‘band se(3d), and Ni(3p)ipeaks. Note suffacé'
senéitivity to 1/2 monolayer of Se.

Normal photbemissién intensity versus kinetic energy
curves for (a) Ni(3p),'(b) Se(3d),,andv(c) Ni valeﬁce

band electrons from p(2x2)Se/Ni(001), plotted as

‘intensity versus electron kinetic energy referenced

to the nickel vacuum level. Note diffraction maxima

at different energies on all curves.

Normal photoelectron diffraction curves for Se(34d)

‘electrons from C(2x2)Se/Ni(001), for different

samples and photon polarization vector orientations.

NPD curve for Se(3d) electrons from p(2x2)Se/Ni(001),

compared with theoretical,curve by Li and Tong,l3

and to LEED-beam curves by Demuth and Rhodin.14

Off-normal Se(3d) photoelectron diffraction curves

for the c(2x2)Se/Ni(Odl) system (a) in the (100)

mirror pléne; (b) in the (01I) mirror plane. Note
similarity.of lateral pairs.
Direct comparison of the middle pair of off-normal

curves from Fig. 5. Note similarity of overall shape

- +and particularly of peaks near kinetic.enerqies of 55,

111, and 184 ev.



Figure 7.

Figure .8,

S =22-

Compérisdn_of NPD durvés for c(2x2)S/Ni(001) and

o (2x2)Se/Ni (001).

Compariéonlof NPD curves for Se(3d) in disordered

. Se on Ni(00l) at (a) 0.1 monolayer, (b) 0.2 mono-

layer, with the c(2x2)'pattern.
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