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ABSTRACT 

, I~; . 

The intensity, I oOi ' of the specularly reflected low energy (10-500 eV) 

':;'::', electron beam was monitored for the different low index crystal faces of 
.. :, .... 

,'palladium, platinwn and lead as a function of electron energy (eV). The 

,properties of the IOOi (eV) curves w'ere investigated as a function of 

; .. 
, " 'temperature, crystal orientation, scattering angle and the appearance .of .. ",' 

", 

different ordered surface structures. For clean surfaces, the positions';" ,;,: ' 

of the ,intensity peaks were insensitive to variation of temperature. They 
. ~'. , .. 

were found to change markedly, however, with variation of the scattering 

angle and the formation of new' surface structures on the Pd (100) face. 'A '", 

"reduced" electron energy scale was used to compare ,the intensity curves 

obtained for the different face-centered cubic metal surfaces. The, same" 
.-

crystal face of the different metals yields similar intensity curves. . ' ' 

'~'. ' , .~, 
f' - , -' 

-~; "', Correlations between intensity curves from different surfaces of the' same 
. ,'t· - , 

,I., i.,' I. . 

: t l 
•. " • 

,', . metal have also been pointed out" The occurrences of maxima and minima'" 

in the intensity of the specularly scattered low energy electron beam are 
, , , 

primarily determined by the periodicity of'the crystal lattice rather than 

, 'the' nature of the crystal potential. However, the relative intensities 
.~j 

I , - of the diffraction features are sensitive to variations in the crystal 

,~ potential. 
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XN1'HODUCTION 

Low energy electron dif~raction (LEED) patterns resulting'from th~ 

J .• 

~ .... ' 

back-scatteriDg of slow electrons (10-500 eV) from crystal surfaces re~lec~ 

. the i di f i h' 1 h per 0 c arrapgement 0 atoms n t e surface. HOW'ever, t e symmetry 

and'sracing of the diffraction features cannot unambiguously determine the 

2 
position of the atoms in the crystal surface. In order to 'uniquely 

i 
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" " "I 
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J 

d~termine the' surface structure, one must' 1) determine accurately the 

relative. intensities of all diffraction features and 2) develop a theory:/'> 

the different 'atomic arrangements on crystal surfaces. Only then could '. "" ,''j 
. one differentiate between structures due to adatoms,3 periodic lattice, >.:'<' :.' ;-';,:,,',:: '1 

4 ' ..... :';.:., .', t 

. which will calculate the expected relative intensities as a function of 

relaxations, ordered arrays of vacaI,lcies, ,5 etc. and ultimately eXPlain-~;?,; 
~ ',. 

the mechanisms for the formation of surface structures frequently found····· r' 
.. ~ ''' . 

in LEED studies~ . . ;' .. ' .' :, ~ , 

. .,',' "., . 

c' "'. j 
.,"'" I 

The development of diffraction theories applicable to the scattering ,""" ',,' ~ i 
~ .: ';, ,\ .,. .",' 

. of low energy electrons by solid surfaces is proceeding at several lEi.bora- ., '., 
'. '~. . 

. 6 
tories. ,7 However, such developments depend on the availability of 

" : . 

, .. '. 

, " .. lead, platinum,. and copper. , 

, In LF£D studies, one may determine the diffraction intensity as a 

funcHol1 of wnvclcne;th, A, mO:r'l!:Ly by chluie:lng 'bl-lC ulcc-L:ron nccolol'ut1ng 

potential [A(A) c: (150.4/evl/2J. In this paper, we present data on the 

wavelength dependence of the (OO-beam) intensity scattered from different 

fcc single crystal sur~aces as a function of a) temperature, b) crystal 
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orientation, c) the angle of incidence, and d) the presence of d~fferent 

surface structures. This,measurement is believed to yield reliable inten-

'sitydata for several reasons. 1) The (OO)-reflectionremains in a 

fixed position on the fluorescent screen as the wavelength is changed since . ' 
its scattering vector is perpendicu~ar to the surface plane. Tnus, the 

effect of inhomogeneity of the phosphor screen, grids, w'indow', etco is 

eliminated. Furthermore, the influence of the angular dependence of the 

atomic scattering factor on Bpot intensity w'ould not be expected to be 

1 8 very significant at constant scatteTing angles.' 2) Below' about 100 eV, 

a large fraction of the back scattered elastic electrons reside in the 
, 8 

specular reflection. Therefore, the measurement of its intensity should 

be more informative than·that of the other diffraction spots. 

We shall indicate methods of normalizing the I
002

(eV) curves to aid 

correlation of data taken from different materials and different orienta-

tions of the same material. Experiment~l difficulties are pointed out 

and Buggestions to aid in ,the acquisition of future' experimental data; 

which are important for structure analysis.~ will also be presented. 

The IOOf (eV) curves w'ere sensitive to the angle of incidence of the 

electron beam, as well as to changes in surface structure" However, the 

intensity curves seemed quite insensitive to temperature variations. 

Correlatipns indi~ating similarities in the diffraction behavior of the 

different crYBtals and different crystal orientations w'ere uncovered. 

. , 

\ , . 

. 
~ 

1 
1, , 
I 
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EXPERIMENTAL . 

The 'ultra-high purity fcc single crystals were us~d in the form of 

. 'discs ofapprpximately 0.6 cm diameter, except lead which was used in the , 

'form of a cylinder [0.7 em long and 0.5 cm in diameter] mounted in an 

ultra-high purity Fe enclosure. Samples were x-ray oriented and cut to 
.. 

.. within ±lo of the desired face, etched, and polishedo The LEED apparatus 

of the p:>st-acceleration type9 was used for all the measurementso With 

th~s apparatus one may monitor the intensity, I OOf ' in an ene~gy range 

of 10,,:,500 eV and at angles of incidence (0) from 2.5 0 -423.5 0 to the 
. 29 

surface normal. Because of the location,of the electron gun, the IOOf 

(eV) curve cannot be measured at normal incidence o [An experimental 

arrangement utilizing a curved path from gun to sample and sample to screen 

may be used to study the specular reflection at normal incidence. As yet, 

no experiment of th:i,s :sort-has been ,reported, although it would be important 

to obtain th~se.,data.,] '" , ... . . 
2 Since the electron beam covers approximately a,l mm area there is 

difficulty in obtaining reproducible data due to the variation in crystal 

perfection along the sample surface. One notes a:large change in the 

overall intensity as the. electron beam is scanned across the crystalo The 

relative intensities of the IOOf(eV) peaks however are fairly reproducible 

from different parts of the crystal. No attempts have been made to measure 

absolute intensities from run to run with this apparatuso Further uncer-

tainties arc introduced by beam spreading at the lowest voltages. In 

" 

" ; .. ~ 

\ 
~ . 
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taking IOOi (eV)' curve,s at elevated temperatures, effects of fields induced 

by heater currents cannot be ignored when resistance heating i3 used. 

This difficulty can be eliminated by using indirect heating methods, as 

for example, radiative heating, thermal imaging or transient techniques"lO 

Considering all of t?ese factors, most of the relative intensities of the 

peaks in the IOOi (eV) curve w'ere reproducible' to within ±:2.0% for given 

experimental conditionse Since most of the data show orders of magnitude 

intensity changes,' the interpretations are independent of this experimental', 

uncertainty. 1~e measurement of the actual electron energy incident upon 

the crystal surface is difficult due to experimental (instrumental) un-

certainties" It has frequently been observed that two identical curves 

obtained under the same conditions will not superimpose but are slightly 

shifted (2-10 volts) due to small variations in the beam voltage. 

Inasmuch as the electron gun emission current may change by as much, as 

tw'o orders of magnitude (0 .. 02 -7 2., 0 ma) over the voltage range of interest 

(10-500 eV), a large uncertainty in the reproducibility of the Ioo.e(eV) 

curves taken with different instruments may result. For this reason, the 

IOO.e(eV) curves should be normalized for constant emission current. 

Accurate intensity measurements require that the intensity detected 

using the, flu~rescent screen should be a linear function of the current 

density.. This w'as found to be the case for the current densities (10-8_ 

-4 'j 2) ( 4 ) 10 amps cm and phosphor P bluish-white used in conventional LEED 

systemsu The telephotometer used to measure the screen intensity (Gamma 

Scientifk NO a 2000: with fiber optics and variable aperture 6' -) 3 0
) pro-

ducedan output signal which was a linear function of int.ensity for all 

of the measurements. The photomultiplier output us orcUnate 8nd the 

j 

,r 

" 

\ , 
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instrumental accelerating voltage as abscissa 'W'ere plotted on an X-Y 

recorder. All measurements 'W'ere carried out at 10-10_10-9 torr ambient 

pressures. 

, . 

) 

! 
, i 

~ 

I 
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:RESULTS 

. A representative IOOf (eV) curve is shown in Fig. la for the clean 

Pd (lOO)-(lXl) surface.. The curve is plotted for an angle of incidence 

8 = 3 0
. from surface normal, at a sample temperature of 300°K., Figure 

Ib .show·s the same curve repl?tted after normalization for constant 

emissien current.. The specular intensity is highest at lo.·rest voltages 

and dec'reases as electron energy increases. This trend reflects the 

. rapid decrease of the elastically scattered fraction of electrons from 

near unity to' -.01 ever the electron energy range of interest (10-500 eV). 

The curve in Fig. la is replotted in FigQ lc as IOOf vs. (eV d
2

COs
2e), 

where d .is the interplanar spacin~O ebtained from x-ray ~tudies.. Posi-

tiona ef primary Bragg peaks are indicated by arrow'S.. It should be 

neted that on this "reduced" scale all materials :with cubic structure 

will have the Bragg peaks at the same abscissa value. Such a normalizing 

. procedure hun the further convenience of llloJd.ng the (lUA.ntlty w.Hwlly 

referred to as "inner potential II readily available~ll 

Temperature Dependence of the IOOf (eV) Curves 

Figure 2 show's IOOf (eV) curves as a function of temperature for 

pt(lOO) at 8=2.5°. There is no apparent change in the specular inten­

sity curve fer pt(lOO) in the temperature range of this study other than 

a monetonic decrease in the intensity at all energies as a function of 

increasing temperature" This intensity decl'ease follows quite closely 

. : 



"" .. 

-: " 

.' . 

the predictions of the Debye-Waller mOdel. 12 One can express the 

temperature dependence of the intensity as I(T) 

the .intensity scattered by surface atoms in the absence of thermal motions 

. . -2w ( ) 13 and e is the Debye-Waller factor... The factor, 2w', can be shown to 

2 f 2 2; be equal to KVT cos e eD where K = 12 Nh Mk.-150.4 = constant for any 

material, M = gram atomic weight, N = ~vogadro r s number, k and h = Boltz-

mannts a,nd Planck's constant, respectively; V = beam voltage, T = absolute 
. . 
temperature, e= angle o.f incidence and eD ;:: effective surface Debye tempera-

tur.e •. For p~atinum, 14 the decrease 'in e
D 

as electron energy decreases 

is such that the intensity of all peaks in the IOo£(eV) curves decrease 

as approximately the same function of increasing temperature. Tne insen-

sitivity of the IOO£(eV) curves i'rom clean surfaces.to temperature changes 

correlates very well with results of surface Debye-Waller factor measure­

ments on pt14 as 'W'ell as on other materials (Pd;15 Ag,16 Pb15 ). 

IOO/eV) Curves for Different Crystal Orientations 

Figure:·3a show's IOO£(eV) curves for pt (100), 'pt (111), pt (liO) 
. 2 2 . 

suri'aceso The curves plotted on a reduced scale (eV d cos G). It is 

apparent that there is a strong correlation between the curves from the 

different surfaces, in fact, most of the peaks ove~lap, especially.at 

electron energies above the position of second Bragg peak. The relative 

intensit±es ot the peaks vary greatly for the dif~erent surfaces but the 

positions of the peaks seem to.align cOMistently. For example, the 

peaks on the high energy side of the n = 3 position and the doublet straddling 

the arrow at n = 4 are common to all three surfaces. Tne (100) and (Ill) 

faces give the same peak positions near the· n = 5' and' .the n = 6 positions. 
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Figure 5b shows 100£ (eV) curves for the three 10vl index faces of 

17 18 copper' The voltage ranges for the measurements on the (110) and 

(100) surfaces are not large.t but it is apparent that there is good 

correlation for the major peaks and between all of the three orientations.' 

100.e(eV) Curves for Different Face-Centered Cubic 

Crystals (Pd, Pt, Pb, Cu) 

,Figure 4a shows 100£ (eV) curves for pt (100), Pd (100) and Cu (100) 
·22 

surfaces plotted on a reduced scale, (eV d cos-e). Here the correlation 

betw'een the peak positions is excellent., Most peaks in the palladium ' 

curve are present i.h the copper and plati~u,m curves over a several 

hundred volt range - from position of about n = 2-1/2 to about n = 5. 

This corresponds to an electron energy range of ~60 to 250 eV for the 

Pd and Pt (100) surfaces .. 'There are large differences in the relative 

intensities from curve to curve, but, by and large, the curves show' 

strong similarity... Figure 4b show'S the same intensity curves for the 

Cu (111),17 Pt (111),14 and Pb (111)19 surfaces which are also plotted 

on a reduced scale. The Ph (111) and pt (111) show' good correlation 

over the short' electron energy range where Ph (111) shows significant 

diffraction intensity~3l 

Figure 4c shows the 100£ (eV) curves for pt' (110) 1 Ni (110 )20 and 

~8 ' 2 2) eu (110) plotted on a reduced scale, (eV d cos e 0 Here the peak 

positions almost completely overlap and there are no peal~s missing. 



*. 
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The relative intensities ho'W'ever seem to be greatly altered.. At the 

, n = 3 Bragg position, co~per and platinum show' a strong maxim~~, but 

nickel only a shoulder to strong maximum beyond 'Where pt and Cu show 

'Weaker maxima. In summary, all IOO£ (eV) curves [(100), (lll) and (110)] 

show good correlation. Plotting the 100£ curves on the reduced scale 

should yield Bragg peaks for all materials at the same positions, except 

for the possibilities of different "inner potential" corrections. For 

the materials studied there appears to be strong agreement in peak 

positions. Note that none of these curves have been corrected to constant 

emission current. We have included in the appendix a similar correlation 

21 study for PbSe and PbTe from data reported by MacRae, et al. 

Th~ 100£ (eV) Curves as a Function of Scattered Angle 

. '22 
In Fig. 5 'W'e have plotted the 100£ (eV) curves for the Pd (100) 

face as a function of angle of incidence, f?, measured ,~ith respect to 

the surface norma.l. 'l'hcr~c curves have not been correcteu for con::::tan-li 

emission current. Interpretation of the curves is greatly simplified 

if one looks at their behavior 'Within certain ranges of electron energies 

1(0-30 eV), 11(30-60 eV), III(60-120:'eV), and IV(J,20-190 eV). Each 

region is rou£hly centered about an expected Bragg position (10, 40, 89, 

158) cal~ulated for G = 0°. Several facts are readily apparent. Some 

'''peaks'' appear to "rotate" with G 'While others do not. Splitting of peaks 

'W'ithin regions is the primary change which occurs, with some possible corre ... 

lations bet'W'een certain regions. For example, peaks in regions I and III 

• i 

i-
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appear to split at approximately the same angle, i.e o 25 eV and 91 eV 
_ I 

peaks appear and disappear together. Also, some similaritie sexist betl-reen 

regions II and "IV" In region II, the dominant peak atG == 3 0 and ;.;j eV 
, 

collapses with increasing G, while peaks first at 50 eV and then at 37 eV 

grow in and in turn, dominate the regiona In region IV, the domir.ant 

peak at G = 30 and ))1-1 eV gradually shifts sl:l.ghtly to hir.:hcr electron 

energies and the shoulder separates into a separate peak at 131 eV; the 

180 eV peak maintains its position but fluctuates in intensity; at 9 = 13° 

the peaks at 131 and 174 eV are nm~' bigger than the central peak at 150 eV; 

however, by G == 16°-the curve is very similar to the one at G == 3° but 

shifted by about 15 eV. The curve at G == 17-1/2° suggests a possible 

recurrence of the splittings.. Regions over 190 volt seem to show definite 

angUlar effects' but in no apparent correlation with the first four regions. 

The dominant characteristic of the curves in the high electron energy range 

seems to be the occurrence of severe splittings in a very narrow angular 

range .. 

In summa..ry, the, dominant effect of' sample rotation on the specular 

intensity is the splitting and rejoining of the main peaks within regions 

-of electron energie,s which center about expected Bragg peaks. Such 

spli ttings within the regions may be correlated with splittings which 

occur in other regions. The theories of intensity sharing23 or shadovriniO ,24 

might be expected to predict this behavior as a function of rotation. 

Therefore, careful scrutiny of data such are pres'ented here should help 

verify either or both theories. It is noted that measurements should be 

carried out at 1° intervals since the peaks may undergo large intensity 

changes within very small angular regions. Also, due to experimental 
I 

r 
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uncertainties, the measured. angles are only accurate to about ±1/2° .. · 

We have not determined the azimuthal angle in the studies o Recently, 

Stern et al. 25 have reported on the variation of the relative peak 

intensities for the W (110) surface as a function of crystal rotation 

about the surface normal. Therefore, it is important to define the 

a.zimuthal angle, ¢, in addition to the scatt.ering angle, e, in order to 

be able to compare the IOOl (eV) vs e data obtained for the different 

single crystal surfaces. We have included in the appendix a similar 

angular study for Pb(lll). 

~001 (eV) Curves in the Presence of Surface Structures 

Figure 6 shows the IOOl (eV) curves for the Pd (100) face in the 

presence of different surface structures at e = 30 and T = 300°K. These 

curves have not been normalized for constant emission current. The 

surface structures appear as a function of heat treatment of the Pd (100) 

face in ultra-high vacuum .. 4 After ion bombardment, the (lxl)" bUlk 

structure appears first. As the sample is progressively heated to higher 

temperatures and/or for longer times the pattern changes and a streaked 

(2x?) surface structure forms. Further heating c~uses the coalescence 

'of the (2)<2) streaks, to a high intensity (2)<2) surface structure. At 

the hig~est temperatures (> 600°C), a further transition to a diffuse 

c(2)<2) surface structure occurs. 32 ,33 It should be noted that we have 

investigated and determined virtually a continuum of progresdve changes 
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'in the patterns as a function of heat treatment. Simultaneously 'tlith 

this change in diffraction pattern, the IOOf (eV) curves undergo varia­

tions (Figa 6).. In fact, the IOOf (eV) curves so accurately "finger­

print ll the 'changing surface structures that fre<luentlychanges in 

Ioo./eV) foretold transitions to different strlictures before they were 

actually visible in the diffraction pattern.. 

The IOOf (eV) curve for the (lXl) substrate structure ShOvlS several 

peaks which may be indexed as Bragg peaks (n = 2 at 16, n = 3 at 77, 

n = 4 at 143, n~ 5 at 226) if we assume shifts of about 20 eV due to 

electron acceleration at the crystal surface. Hovrever, many mOre peaks 

,appear than the seD We can see certain changes as a rQnction of the 

formation of the different surface structures.. Small sho'ulders grow' in 

at the low energy side of the peaks, at 26, 66 and 127 eV and r.ew' 

peaks appear at 50 and '150 eV. Consistent with most analyses, the low 

electron energy region seems most sensitive to changes in surface 

structure. As the c(2x2) structure grows in, "W'e see even more dramatic 

changes. The 143 eV and 227 eV peaks shift to higher energies and the 

,16 eV peaks "splits" into peaks at 16 and 20 eV. The shoulder at 127 eV 

, in the IOO£ (eV) curve in the presence of the (2x2) surface structure 

remains weak but the 66 eV shoulder actually inc'reases to become larger 

than the 77 eV peak. Similarly; the 50 eV peak seems to weaken 

slightly and become a shoulder of the 66 eV peak. Finally, the 26 eV 

peak disappears and two small peaks at 115 and 185 eV appear. To 

summarize these results: the presence of surface structures on the 

'. 
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(100) face of palladium greatly alter the IOOf (eV) curves; the (2)<2). 

structure produces shoulders on the lOw energy side of peaks near 

Bragg positions and produces completely new' peaks. The c(2x2) structure 

shifts peaks near Bragg positions to higher electron energies} splits 

c~tain dominant peaks and leads to the formation of new peaks or greatly 

altered intensity ratios of existing peaks. It should be pointed out 

that transition structures tend to give mixtures of these characteristics, 

and as mentioned earlier,. foretell the transformation to new structures 

before the new diffraction pattern actually appears. 

r • 

• f 
I 
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·DISCUSSION 

The shape of the IOO/ eV) curves for the Pt (100) crystal surface 

remains unchanged as a function of temperature. The overall intensity 

of the peaks decreases with increasing temperature as predicted. by the 

Debye-Waller formalism.. These results are quite consistent w'ith the 

Debye-Waller theory and previously published measurements of the surface 

. ' 14-16 
Debye-Waller factor for several face-centered cub~c metals. Tne 

data indicat~ that the temperature dependence of the specular intensity 

is the same for all peaks including those which are at Bragg positions 

and those which are not o 

In Figs.., 3 and 4 we have plotted IOO.e curves obtained for different 

surfaces [(100), (110), and (lll)J of several face-centered cubic crystals 
, 2 2 

.(Pt, Fb, Pd, eu and Ni) on a "reduced l1 electron energy scale,(eV d cos e.). 

Plotting the curves on this scale allows one to determine the difference 

due to crystal potential varlat ions w'i thout the distortions due to 

differences in lattice parameter or angle of beam . i'nc idence. For the 

materials, studied, th~, IOO.e (eV) curves are very simil~r, the peak positions 

frequently overlapu This indicates that the scattering of low' energy 

electrons is more dependent on the basic symmetry of the substrate ,than 

, on the peculiarities of the atomic potentials for the different face-

centered cubic metals. This seems generally valid for HEED (high energy 

26 27 ' 
electron diffraction) 8.nd x-ray scattering as "\V'ell.. The differences 

in crystal potential for different fcc metals seem to moa.ulate tile inten-

sities of the various peakso I 20 The shadowing models,' suggest signifi-

cant differences in the IoO.e(eV) curves for the different crystal orientation; 

'I :r 
• 
I 
t 

" , 
! 

'/ 

1 
I 
i 
! 

I 
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the curves in Figs. 3a and 3b do indicate that similarities in the 

intensity curves for the" different faces are more extensive than predicted 

by this model. It should benoted however, that the differences in voltage 

a.t which the "2/3" or "1/2" order peaks appe~r may be sufficiently small 

so as to be obscured in the reduced plot. If we assume intensity sharinl3 

between the different diffraction beams or multiple scattering 6 rr.any of the 

dominant features of the I 002 (eV) curves can?e explained and predicted. 

The interpretation of the intensity curves based on the intensity sharing 

model hinges on the appearance of minima when other beams undergo maxima. 

If peak splittings change with rotation in the predicted manner, it would 

be a strong support for this theory. Finally, the intensity changes 

'which are due t.o the particular material may alter some of 'the specific 

details, for example, by enhancing the intensity of one peak '''hile 

diminishing that of another. Such effects may be checked by comparing 

line shapes - the data presented do indicate such possibilities. 

The I
001

(eV) curves for the Pd (100) crystal surface change both 

as a-function of surface structural changes and as a function of 

scattering angle. The prominent effects in b,oth cases are the splitting 

of the main peaks and the production of new' peaks ~t certain electron 

energies characteristic of a given surface structure or angle of incidence, 

respecti~elYG The sensitivity of the I
002

(eV) curves to changes of 

scattering angle or surface structure shOUld lead to an improved ability to 

test theoretical predictions. 
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Although the IOOf (eV) curves contain valuable information vlhich 

will help to shed light on the nature of low energy electron diffraction· 

it is important to note some of the limitations of this type of experi-

mente 

It is very difficult to discuss the properties of one or even two 

diffracted electron beams as a function of wavelength without follovling 

the intensities of most of the other diffracted beams of t:ne same time. 

The Ioon(eV) curve should be a function of. all the other L,. (eV) 
I. nKI. 

curves. In order to carry out structure analysis it seems that one should 

monitor the total diffracted· intensity which is scattered into the 

different order diffraction spots as a function of wavelength. Such 

experiments are in progress. Fluctuations in the total intensity as a 

function of wavelength may also indicate. the diffraction conditions 

necessary to optimize the back-reflection of elastic electronso 

In order to correlate relative intensity data from studies which 

are carried out in different laboratories, the lOOt (eV) curves should 

be normalized for constant emiss.ion current. The experiment~l conditions 

should be well defined (clean surface, etc.) and variables such as the 

azimuthal angle should be reported. It should be' noted that inte~sity 

measurements which involve sample rotation with respect to the surface. 

normal are affected by the variation of the atomic scattering factor, 

f(e ). 

, 
I 
L. 
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APPENDDC 

, . 
Figures A;,.~and AJ.b show lOO.e : curves for the (100) faces of lead 

. selenide and lead telluride at e ::: 3° and e z::: 6°, respectively, as a 

function of reduced electron energy from the work of Johnson and Y~cRae.21 

, Correlations of peak psotions between the different materials are good, 

, especially at the low'er beam voltages. However, as with the fcc metals, 

the relative peak intensities vary from material ·to material. In addition, 

comparing Fig. A-la with A-lb show's that changes in the lOO.e (eV) curves 

with angle of incidence do occur. Thus, the lOO.e(eV) curves of the salts 

studied show similar properties to those curves for the fcc metals. 

'. -~4 
Similar study on Li~ was not included because of the short energy range 

of the data. 

Figure A-2 . show's the IOO.e(eV) curves for the (l11)-face of lead 

, plotted as a function of angle of incidence e. Note the change of 

scale.above 50 eV. These curves were not corrected for constant emission. 

Perhaps the most striking feature of these curves is the strong effect of 

the Debye-Wa11er factor. Ther.ma1 diffuse scattering dominates 'above 

about 125 eVe As demonBtrated in Fig. 5 [on Pd (100)], the effect of 

the angle of incidence on the lOO.e (eV) curves is very marked. For 

example on the Ph (111) there is no peak at ,,10 eV for e == 3°. A peak 

appears how'ever with increasing intensity as eincreasesa Also, the 

shoulder at about 30 eV increases as e increases. 

, 
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XBL 681-30 

Fig. la Specular intensity as a function of beam voltage 
for (100) face of palladium. The weak shoulders 
at 49 and 65 eV are associated with the incipient 
formation of a 2x2 surface structure (see Fig. 6). 
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Pd (100) 9 = 3° 

100 200 300 400 500 

eV 
XBL 681-31 

", 

Specular intensity as a function of beam voltage for 
(100) face of palladium at constant electron gun 
emission current. Note the change of scale on the 
intensity axis. 
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Fig. lc Specular intensity as a function of reduced 
electron energy for (100) face of palladium 
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473 0 

531 0 

574 0 

618 0 

100 200 300 400 

Beam Voltage 
XBL 681-33 

Fig. 2 Specular intensity as a function of beam 
voltage for (100) face of platinum at 
different sample temperatures 
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rt-f--"--"'f-----r 1 
n=1 n=2 n=3 n='l n=5 n=6 

2 2 
eVd COS 6 

(tOO) 
6 = 3° 

·~--t-

n=7, 

Fig. 3a Specular intensity as a function of reduced 
electron energy for (100), (111) and (110) 
faces of platinum. 
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Fig. 3b Specular intensity as a function, of reduced 
electron energy for (100), (111) and (110) 
faces of copper. 
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t 
n=6 n=7 

XBL 681-36 

Fig. 4a Specular intensity as a function of reduced 
electron energy for (100) faces of platinum, 
palladium and copper. 
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n=4 n=5 n=6 n=7 

Specular intensity as a function of reduced 
electron energy for (111) faces of platinum, 
copper and lead .. 
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f f f r 
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2 2 
eVd COS e 

XBL 681-28 

Fig. 4c Specular intensity as a function of reduced 
electron energy for (110) faces of platinum, 
copper and nickel. 
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110 100 ~O 200 2110 300 3~O 400·4110 000 

BEAM VOLTAGE 

XBL 681-27 

Fig. 5 Specular intensity as a function of 
beam voltage for the (100) face of 
palladium at different angles of 
incidence .. 
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Fig. 6 Specular intensity as a function of beam voltage 
for the (100) face of palldium in presence of 
different surface structures~ 
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PbSe and PbTe at 9 = 3° 
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XBL 681-26 

Fig. A-l (a) Specular intensity as a function of reduced 
electron energy for (100) faces of lead 
selenide and lead telluride at an angle of 
incid.ence of 3°. 
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PbSe and PbTe at 8 = 6 0 
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Fig. A-I (b): Specular intensity as a function of reduced 
electron energy for (100) faces of lead 
selenide and lead telluride at an angle of 
incidence of 6°. 
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Specular intensity as a function of beam voltage 
for (111) face of lead at different angles of 
incidence. 
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This report was prepared as an account of Government 
sponsored work. Neither the United States, nor the Com~ 
mlSSlon, nor any person acting on behalf of the Commission: 

A. Makes any warranty or representation, expressed or 
implied, with respect to the accuracy, completeness, 
or usefulness of the information contained in this 
report, or that the use of any information, appa­
ratus, method, or process disclosed in this report 
may not infringe privately owned rights; or 

B. Assumes any liabilities with respect to the use of, 
or for damages resulting from the use of any infor­
mation, apparatus, method, or process disclosed in 
this report. 

As used in the above, "person acting on behalf of the 
Commission" includes any employee or contractor of the Com­
mission, or employee of such contractor, to the extent that 
such employee or contractor of the Commission, or employee 
of such contractor prepares, disseminates, or provides access 
to, any information pursuant to his employment or contract 
with the Commission, or his employment with such contractor. 






