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A METHOD FOR.TaE KINEMATIQAL ANALYSIS OF 
LEED INIENSITY DATA 

* R. Kaplan 

UCRlr-19661 

Inorganic Materials Research Division, Lawrence Radiation Laboratory 
and Department of Chemistry, Uni versi ty of California 

Berkeley, California 94720 

ABSTRACT 

A method is described for the kinematical analysis of intensity data 

in low-energy electron diffraction experiments. The method allows the 

plotting .of intensity data for all diffraction beams and surfaces of a 

given crystal on a single graph, determ1.riing the crystal inner potential 

and the lattice parameter near the surface. Expressions are derived for 

application to seven surfaces of bcc and fcc crystals; extension to other 

sUrfaces and crystal structures is straightforward. The results are 

applied to intensity data for chromium and aluminum. 

* On sabbatical leave from the Naval Research Laboratory, Washington, 
D. C. 20390. 
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I. INTRODUCTION 

In recent years the importance of multiple scat'tering in low-energy 

electron diffraction (LEED) has been well docwnented, both experimentally 

and theoretically. However, many cases do exist in which the experi

mental results can be analyzed largely within the framework of a single 

scattering, or kinematic theory. 
, 1 

In the course of recent LEED studies 

of the (110) surface of chromium, the energy dependence of the diffracted 

intensity was found to be in striking agreement with kinematic predica

tions. Since a large number of diffraction beams was studied, an orderly 

procedUre for analyzing the intensity spectra was sought. Theprocedure 

developed is: described herein. It provides a ready means for predicting 

the energies at which kinematic intensity max1ma, the so-called "Bragg" 

peaks, will be observed. Additionally, it provides a method for plotting 

all of the intensity data for a given crystal on a single universal curve, 
. '. . 

determining'in'the process the inner potential correction and the lattice 

parameter near the surface. The calculation described in this report is 

restricted to the case of nOr.rn:3.1 electron beam incidence. However, this 

condition can 'be relaxed, at the cost of additional complexity, and the 

extension of the calculation to non-nor.rn:3.l incidence proceeds in a straight-

forward, if algebraically complicated, manner. 

The procedure and equations used in the analysis' are presented in 

Section II. Since excellent pUblished reviews2,3 of many aspects of 

IEED are available, a min1nrum of background material is included . Results 

for various low-index surfaces of the bcc and fcc structures are given 

in Sections III and IV respectively. The application to the analysis of 

experimental results is demonstrated in Section V, for the (110) surface 
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of the bcc crystal chromium, and the (100) surface 'of the fcc crystal 

aluminum. Section VI concludes with a brief discussion of the general 

applicability :of the method as presented. 

.. 
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II. DIFFRACTION EQUATIONS AND PROCEDURE 

The treatment is confined to the elastic back-scattering of electrons 

incident on a crystal normal to its surface. The incident and diffracted 
:+ :+' 

electrons are characterized by wave vectors kO and k,respecti vely, while 

G is a reciprocal lattice vector determined by thefullthree-dirnensional 

periodicity of ,the crystal. The relationship of these vectors and e, the 

angle of diffraction, is indicated in Fig. 1. Conservation of momentum 

and energy in the diffraction process impose , respectively, the following 

conditions: 

:+ :+ ';t 
k = kO + li, (1) 

{ 
VI }l/2 

150.4 , (2 ) 

where the magnitudes of the electron wavevectors have been expressed in 

terms of the de Broglie wavelength AI and energy VI of the electrons out-

side the crystal. The units of length and energy are A and eV, respective-
:+ 

ly. Squaring Eq. (1) and noting that kO is normal to the surface, 

'where c;. 1s the normal corrponent of a. The corrponent parallel to the 

surface will be written Gil ,'. The polar angle ct> and diffraction angle e 

which define the directions of thebea.rrJl:) of diff:racted electrons are 

determined by the parallel projection of Eq. (1): 

(4) 
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FiS. 1. Showing the relationship betwe~n the wave vectors kO and k, 
the reciprocal lattice vector G, and the diffraction angle 8, 
for normal incidence. 
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Values of <p are discrete, since ~I can assume only those directions in 

the surface which are permitted by the surface periodicity. However, for 
-+ 

any given value of Gil' 8 varies contihuouslywith A'or V' .. From Eqs. 

(2) and (4), and writing I~II = Ikol sinS, 

In corrparing the observed and calcUlated relationships between V' 

and e ,it may be assumed that the incideritelectrons remain outside the 

crystal. On the other hand, the energy dependence of the diffracted in

tensity arises mainly from the penetration of the incident electrons into 

the crystal. Inside, the electrons' energy V differs from that outside 

by the so-called irmer potential, . V 0 : 

v = V' - V 0' 

where Vo is generally an attractive potential, of order -10 to -20 eV for 

metals. Thus it may be expected that corresponding features in the calcu-

lated and observed intensities will occur at energies which differ by VO' 

For V' greater than about 50 eV, Vo is nearly independent of energy. 3 

It wl11be assumed that the energy values at which intensity maxima 

occur for a particular diffraction beam, may be calculated solely from the 

phase relationships between electrons scattered by all of the atoms in 

the crystal. Only single scattering will be considered, and attenuation 

of the incident electron beam inside the crystal will be ignored. Corn

bining Eq. (3), the condition for diffraction including the full three

dimensional periodicity of the crystal, with Eq. (2) for electrons of 
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energy V=o VI--VO inside the crystal, yields 

Vmx =(V~ -Va)= 15~.4{ ·Igl~ r (6) 

The energies Vmax at which intensity maxima are predicted are readily 
0 

calculated) ence 1 Gland 1 G1 I. are known fer the crystal structure and 

surface bfointerest. It is convenient to' rewrite Eq. (6) in terms ef a 

new functien, F, and the experimentally centrolled energy, VI, as fellews: 

VI = V +.(37.6). F, max 0 a2 . 
o 

(7a) 

(7b ) 

where a O is the lattice parameter asseciated with the x-ray unit cell. 

Equatiens (7) are written in a ferm that is vaiid for cubic crystals. 

A cerrparable fermulation is possible fer nen-cubiccrystals, and fer 

these requiring more than one lattice parameter. The function F as de-

fined in Eq. (7b) is independent of aO' since the quantity in curly 

brackets centains the factor l/a~. In this fO:rnl, F is the same for all 

crystals having the given structure and surface. 

Analysis of intensity data entails pletting experimentally deter-

mined values ef VI vs calculated values of F fer all diffraction beams rna.x 

from a given surface, and for different surfaces of the same crystal if 

V 0 is isetropic. If the indexing ef the intensity maxima. is· correct and 

the single scattering model is appropriate,· all of the data points will 

l:i:e on a single straight line, according to Eq. (7a). The slope of this 

line, and its intercept at F=O,deterrnirte aO and Vo respectively. This 

"0 

0 0 0 

.. 
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procedure will be followed in the analysis of intensity data in Section 

v. 
Since the quantities Gil and G1 are required inEqs. (4) and (7b), 

it is most convenient to be able to express G in terms of reciprocal lat-

tice basis vectors, two of which lie in the surface of interest, and one 

normal to the surface. It is always possible to define two basis vectors 

1\, R2 parallel to the surface in such a manner that 

The indices nl , n2, which are posi ti ve or negative integers or zero, 

identify the various LEED beams in the usual manner. Equation (4) then 

determines the. angles which define the positions of the (nl n2) beams. 

If for the crystal structure and surface of interest ,atoms in all planes 

parallel to the ·surface lie directly beneath the surface atoms, then R3 

may be defined so that 01 = n3 R3. More generally this condition is 

not met ,with the result that G1 must be written 

The function f(nl , n2, n
3
).is detennined by the choice of crystal struc

ture and surface. 

Various procedures may be followed in defining RI , R2, and R
3

, 

and obtaining the function f(nl ,n2,n
3

). In the present work, the reciprocal 

lattice is first defined in terms of the usual x-ray unit cell of the 

crystal structure under consideration. Then for each surface of interest, 

a transformation is effected which leaves G in the required form, 



-8- UCRL-19661 

Equations (4), (5), and .(7) may then be used to characterize the diffrac-

tion of low energy electrons, within the kinematic or single scattering 

framework. 

The advantages of the method for the kinematical analysis of LEED 

data described in this report are the following. All LEED beams from a 

given surface and crystal structure may be characterized once the ap

propriateexpressionsforG(nl ,n2 ,n3) aridF(nl ,n2 ,n3) have been obtained. 

Indexing of the int,ensity maxima isc~~nvenjjentt and descriptive of the 

various beams . Intensity data for all of the beams from a given material 

lie on a single universal straight line which determines the inner potential 

and lattice parameter values. The expressions deriveclfor G(nl ,n2,n
3

) 

and F(nl ,n2 ,n3
) are immediately applicable to the appropriate surface 

of any crystal having the given structure. Extension of the method to 

non-normal electron beam incidence, or non~cubic crystal structures, is 

straightforward. 

.~ : 

~j . 

I 

-I 
i , 
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III. RESilltTS FOR bcc CRYSTAL STRUCTURE 

A choice of primitive translation vectors for the bec structure, 

illustrated in Fig. 2, is 

-+ 
a = 

A + aO A A A 

z), b = ~ (-x + y + z), -+ 
c = 

aO A A A 

~ (x - y + z) 

A A A 

where ~, y, z are unit vectors. The corresponding translation vectors 

of the reciprocal lattice are 

The vector which spans all points of the reciprocal lattice is 

G(h,k, ~) = hA + kB + ~C 

+ a~{ (h + ~) ; + (h + k)~ + ( k + ~ );} . 

The bcc surfaces to be considered are shown in Fig. 3. The first of 

the following calculations for particular surfaces will be described in 

some detail, in order to indicate the method used. A much briefer 

description will be given for the rema.in1rlg surfaces.' 

A. (110) Surface 

The unit vector normal to' the (110) surface illustrated in Fig. 3 

is 

N= x + y 

12 

The basis vectors A, 13, C, may be written in terms of components parallel 

and perpendicular toN, with the result 
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Fig. 2. The bce lattice structure, showing three primitive 
translation vectors. 
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( 100) (110) 

• 

( III) (211 ) 

XBL707-3464 

Fig. 3 .. The four surfaces of the bcc structure for which calculations 
have been made. Atoms lying in these surfaces are shown. 



A = 0, 
II 

,,- _ ,i '" '" A 

~ = - (-X + y + 2z), 
,,2ao ' 

1 '" '" '" til == 2a
o 

(x- y + 2z), 
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1 '" '" A =-' '(x + y) , 
1 aO 

1 
A '" B = - (X + y) , 

1 2a
O 

C1 
=.-! 

A A 

eX + y) , 2ao 
" 

The choice for directions of the new basis vectors i\,~,R3 is evident 
, " + + + 

from the last equation above. It is useful to express Rl'~ ,R3 as products 

of two factors, as follows: 

A '" 

The quantities in square brackets are unit vectors ,with the directions 

of Hi and tt2 chosen so as to define an angle greater 'than gOo, in 

4 ' ' + + 
accordance w.i th the normal convention. The magn1 tudes of ~ and R2 are 

the reciprocal separations of lines of atoms in the surface normal to 

the directions of i\ and R2 respectively. The magnitude of It3 is the 
, ' , 

reciprocal separation of planes of atoms parallel to the surface. In 

terms of i\, ~, Jt
3

, ct(h,k, £) may be written 

tt(h,k, £) = kltl - ~ + ~ (2h+k+ R, )It3 
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Defining nl' n2, n3 yields finally 

nl = k, n2 = ~t, h3 = h , 

• 

Substitution in Eqs. (5) and C7b)gives 

(V,)1/2,sin6= ~ {Cn +n )2 + 2(n -n )2}1/2 . . ¥2 a· . 1 2 . ··1 2 
a 

F = {. (n1+n2)2 + 2(n1-!1;»2 + ('l:-!,;>+2n/ } 2 . 

... n
l
-n

2
+2n

3
.·· . 

The basis vectors Rl ,R2 are sho~ in Fig. 4, together with the indexing 
. . . 

of the diffraction beams and their orientation relative·to the crystal 

axes. 

B. (100) Surface 

For the (100) surface illustrated in Fig. 3, the unit vector normal 
A A 

to the surface is N = x. The separation of planes of atoms parallel to 

the surface is a O/2. Since G(h,k,t) is already in the· formG = Gil + G1 ' 

the required transformation is apparent: 

[y], -+ 1" 
~ = a [Z], 

a 
-+ 2" 
R3 = a- [x] ; 

a 
." 
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(001) (001) 
t t /""1: 

01 ." -ii • '0 
...; 

• --R2 

" ----,";10- ( 0 I 0 ) • ., ~aIO) --10 00 Rf 10 II . 

• CiD_ -- • 01 
01 II 

• (100) (110) 

(i II) 

t 
~(Oll) • 01 I'll • 01 

.. R2 

• 00 • • 00 ~(oli) 
II II R, 10 

• 
10 (iIO) • • • .. / (01) I J~,;,~t· 

. />" 

(III) (211) ~, i 
, 

f~~ 
, 
! , 

.. i 
XB L 707-3458 , 

Fig. 4. The surface reciprocal lattice basis vectors and LEED 
indexing for the four bcc surfaces shown in Fig. 3. 
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(V I ) 1/2 sine { 
2 +. 2}1/2 

n l n 2 ' 

The basis vectors and beam indexing are illustrated inF1g. 4. 

C. (111) Surface 
A A A 

The unit· normal vector is N = (x + y + z)/113 ,and the separation 

of planes of atoms parallel to the surface is aO/(2/3). The required 

transformation is 

and applyi.ng Eqs. (5) and (7b), 
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The basis vectors and indexing are shown in Fig. 4. 

D. (211) Surface 

The unit normal vector N = (2x+y+z)/16, and the separation of atomic 

planes parailel to the surface .:is ao/16. The required transformation is 

[" "] R =....L y-z 
1 ' , 

.f2 aO ' 12 ' 

Finally, 

F = 

: 
A' , i 

.' ; 
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TV. RESULTS FOR fcc CRYSTAL STRUCTURE 

A choice of primitive translation vectors for the fcc structure 

, (see Fig. 5) is 

-+ aO A ". A 

a = - (x:+ y) 2 " 

-+ aO A A 

b= 2"" (y + z), 
-+ aO A ,A 

C = 2" (x + z). 

The correspond,ing transla~ion vectors of the reciprocal lattice are 

1 A A A 1 '" '" '" 1 . A A A 

ft.= -'-(x+y-z), aO 
~ = - (-x + y + z) , a ' , 0 

'C = a ,Cx - y + z) 
o 

and the general reciprocal lattice vector is 

G(h,k,t) = hA + k8 + tc 

= 

The fcc sur:eaces to be conside:redaf'e shoWn in Fig. 6. 

A. (100) Surface 
A '" 

The unit nonnal vector is N = x, and the separation. of planes of 

atoms parallel to the surface is aO/2. ' The required transformation is 

n = h-t 1 
n = t 

3 

12 A R = - [x] 3 aO 
, 
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The fcc lattice struCture, showing three primitive translation 
vectors. 



,. 

-19-

• 

• 
( 110) 

( 100) 

( II r> 
• 

• 
• 

XBL 707-3465 

Fig. 6. The three surfaces of the fcc structure for which calculations 
have been made. Atoms lying in these surfaces are shown. 



Thus 

(VI) 1/2sin8 12 
= 1150.4 aO 

-20-

{ 
2 + 2}1/2 n

l 
. n

2 

F = {.~ 2 
+ 2n2

2 
+ ("1~fl;>+2n3)2 t 2 

nl -n2+2n
3 

~ 

The basis vectors Rl ,R2, and the diffraction beam indexing for the fcc 

-surfaces treated, are shown in Fig. 7. 

B. (110) Surface 

The uffit normal vector has the value N = (x+y)/12, and the spacing 

of atomic planes parallel to the, surface is aO/(2/2). The results are as 

follows: 

n = k - .R, , 
• 1 ' 

'. 

I 
,J I 

I 
! 

I 

I 
, . ",J , J 
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.. 

~(Oll) 

.. 
II 

10-
/(110) 

(001) 

t 
01 • II 

R2 

~(i10) --00 R, 10 

• • 01 II 

( 110) 

XBL 707-3463 

Fig. 7. Surface reciprocal lattice basis vectors and LEED indexing 
for the three fcc surfaces shown in Fig. 6. 
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C. (lll)Surface 

The unit normal vector is N = (x + y + z)113, while the spacing of 

planes of atoms parallel to the. surface is a0113. 'llieresults are as 

follows: 

i1 =h-R, 1·· , 

. (V,)1/2sin8 = 1150.4 

·16 
F = ·--2 

3 aO 

" . 
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V .. ANALYSIS OF INTENSITY SPECI'RA: Cr(llO) AND A1(100) 

If a single-scattering analysis of LEED intensity is appropriate to 

a given material, the intensity spectrum for each diffraction beam con-

tains a small number of prominent peaks, and subsidiary structure is 

considerably weaker. The correct indexing of the intensity peaks may be 

obtained by comparing the observed values of V' with values of V max .. max 

calculated fromEqs. (6)~ (Tb), and the appropriate expressions for 

F(nl ,n2,n3) using the bulk lattice parameter aO'. A shift of all values 

of V' should bring the latter into reasonable coincidence with the max . 
. . . . 

calculated Vrnax values; the shift represents the inner potential correc-

tion. Every intensity peak is thus characterizedbya set of values for 

nl , n2, and n
3

; nl and n2 identif,ythe diffraction beam, while n3 is the 

integer that yields agreement between (V' -Va) and V . Once the . max max 

intensity peaks have been indexed, the observed V~(nl ,n2,n
3

) may be 

plotted vsF(nl ,n2,n
3

). The points shoulq lie on a single straight line 

according toEq. (7a). The intercept at ~O yields Va' and the slope 

determinesAO' As examples of the foregoing procedure, the analysis of 

intensity data for the bcc crystal chromium and the fcc crystal aluminum 

will be described. 

A. Cr(llO) 

Intensity. spectra for six diffraction beams from the (110) surface 

of chromium are shown in Figs. 8 and 9. The data1were obtained with a 

conventional post-acceleration LEED apparatus and telephotometer. Values 

of V~ were determined by averaging over several runs. for each diffraction 

beam. 
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(0,0) 
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Energy (eV) 

XBL 704-683·· 

Fig. 8. Intensity spectra for the (00), (10), and (ll)diffracticin 
beams from the (110) surface of chromium. The angle of 
incidence was 86° for the specular beam., and 90° for the 
others. Arrows indicate the values of (V + V

O
) obtained 

in the analysis. max 

i 
,~ ; 
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Fig. 9. Intensity spectra for the (11), (21), and (20) diffraction 
beams from the (110) surface of chromium. The angle of in
cidence was 90°. Arrows indicate the values of (V +VO) 
obtained in the analysis. max 

._-----
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For the (110) surface of a bcc crystal, the results obtained in 

Section III predict intensity maxima for 

(8) 

= ~ {(~+n2)2+2(nl-n2)2+(nl-n2+2n3)2 l2 

nl -n2+2n
3 

J (9) 

Expanding Eq. (9) for the diffraction beams (nl n2) studied experimentally 

yields the following results: 

(00): 

(10): , 

(11): 

(11) : , 

(12) : , 

(02) : 

(22) : 

These expressions were used to calculate F(nl ,n2,n
3

) as Ilsted i~ Table 

I. The indexing of the experimental v~ values was then determined by 

i . i 

- ! 
i 
I 
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Table T. Values of F, V~ and (Vma.x+VO) obtained for the intensity 

maxima in LEED studies of the (110) surface of chromium. Only integral 

"', order. maxingt!.~ cbnsidere4,~ Ehergies~ in eV. 

.- (nl n;f13) F V' (V
max 

+ Vo) 
max 

002 8 22 20 
003 18 68 64 
004 32 126 126 
005 50 207 206 
006 72 304 304 
007 98 421 419 
102 15.7 62 54 
103 27.6 . 108 107 
10li 43.5 176 177 
105 63.5 262 266 
106 87.4 372 372 
113 22.3 82 83 
114 36.1 148 144 
115 54 226 224 
116 76 328 321 
115 40.5 159 164 
116 58.5 237 244 
117 80.2 347 341 
125 52 . 215 215 
126 72 302 304 
127 95.5 416 408 
026 63 253 263 
027 84.5 . 358 359 
226 89 384 379 

--
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comparison with V max (n1 ,n2 ,n3
), calculated· from Eq. (8) using the bulk 

values of a O' 2.878 A.The correctly indexed experimental results are 

entered in Table 1. A plot ofV~x(nl,n2,n3) vs F(nl ,n2,n
3

) was then 

constructed, as shown in Fig .. 10. The straight line is a least-squares 

fit to the points above 100 eV, and yields Vo = -16.1 eV. From the slope 

2 of 4.44 = 37.6/aO ' the value aO = 2.91 A was determined. Finally, Vo 
\ 

and a O obtained in this manner were used to calculate tVmax(nl,n2,n3)+vOJ. 

This quantity also appears in Table I, and is indicated by the arrows 

in the experimental intensity spectra, Figs. 8 and 9. 

The preceding analysis shows that all of the strong observed intensity 

peaks are systematically accounted for by the rrodel used. The inner 

potential determined in the analysis is in the range of those found for 

other metals ,and the value of a
O 

is within 1% of the bulk value . Sub

sidiary structure in the intensity spectra was weaker by at least an 

-order of magnitude, except at low energy, where multiple scattering is 

expected to be strong. Thus the single-scattering rrodel appears to give 

a good account of the diffraction from the (110) surface of chromium. 

B. Al(lOO) 

Intensity spectra for four diffraction beams from the aluminum (100) 

surface are shown in Figs. 11 and 12. These data5 were obtained in a-

manner similar to that used in the work on chromium described earlier_. 

Because aluminum has a much lower Debye characteristic temperature than 

chromium, the intensity speotra are not as easily obtained at high electron 

energies. Additionally, it is clear from Figs. 11 and 12 that the sub-

sidiary intensity structure is relatively stronger than it is for chro~ 

iUll. It is believed that LEED in aluminum is dominated by multiple 
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scattering. 6 Nevertheless, it is instructive to attempt a kinematical 

analysis of the intensity data. For this purpose, in addition to Eq. (6), 

the following relations are required: 

(00): 

(01): 

(11): . 

(02): 

F = 4n 2 
3 

. . 22 
= 12+(2n3-1) ~. , 

F 2n -1 ' .' 3 . 

(10) 

The analysis indicates that the prominent peaks in the intensity spectra 

occur at energies predicted by the single scattering model, with Vo=- 11 eV 

and aO = 4.11 A. (The bulk value of aO is 4.04 A.) A plot of 

V~(nl,n2,n3) vs F(nl ,n2,n3) for these peaks is shown in ~ig. 13. The 

remaining structure in the intensity spectra consists mainly of subsidiary 

maxima which alternate with the more prominent peaks.' The extra structure 

may corne f'rom a variety of sources, among which is multiple scattering. 

A number of phenomena can lead to so-called "f'ractional-order" peaks. 

predicted by kinematical theory. One eXPlanation7 of this occurrence, 

predicated on single scattering, invokes the fact that the scattering of 

slow electrons by atoms is peaked in the forward direction. Thus it may 



~' 

• = (00) 
o = (10) 

-33-

~=(lI) 
160 0 =(20) 

120 

80 

40 

o 

Fig. 13. 

20 40 60 80 100 120 

XBL707-3459 
Values of the accelerating potential at which intensity 
maxima were observed5 for the indicated diffraction beams, 
plotted vs corresponding values ofF(nl ,n2 ,n

3
),for the 

(100) surface of aluminum. 



-34- UCRL-19661 

be necessary to consider phase relationships between electrons back-

scattered from atoms that lie in rows parallel to the incident electron 

beam. In the case of normal incidence on an fcc(lOO) surface, atoms in 

alternate planes parallel to the surface meet this criterion. This should 

lead to the appearance of half-integral order peaks, whose positions may 

also be calculated using the proceeding formalism. It is only necessary 

to redefine Rl~ R2, and R
3

, and recalculate F(nl ,n2,n
3
), for the case of 

. an fcc crystal with alternate planes of atoms removed. The results ob-

tained with 

R = /2 [~+;] 
1 a J. o v2 

, 

, _ {_2n_l=-2_+_2_n_~_+_n...;:3,,-2 __ } 2 ., 
n2 ,n3) - I 

.. . n3 

1 A R = - [z] 
3 aO 

taking aO = 4 .11 A and Va = -11 e V, are listed in Table II. Experi

mental results5 for V~ are included for comparison. Alternate values 

of the tabulated quantities coincide with the integer order values deter-

mined previously, and plotted in Fig. 13. Additionally, half-integer 

order maxima are predicted. The latter are indicated by unnumbered 

arrows in Figs. 11 and 12. Their agreement with the observed intensity 

maxima, while reasonable, is not uniformly as good as that for the integer 

order case. 

Thus the single scattering model appears to account satisfactorily 

for the positions of the prominent intensity maxima, for diffraction at 

norrrBl incidence frorn·the (100) surface of aluminum. Most of the re-

maining intensity structure appears to be reasonably well described by 
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extending the calculation to include half-integer order maxima. Analysis 

of the angular dependence of the intensity spectra~ not pursued in the 

present work, would be an essential part of detailed studies of the 

scattering from alUminum. 
, 
I 
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VI. DISCUSSION 

The method.described and illustrated above, for the analysis of in-

tensity data in LEED, appears to be a convenient one, especially whenever 

diffraction beams other than the specular reflection are studied. As 

mentioned earlier, the present calculation of the energy dependence of 

the diffracted intensity ignores a number of contributions other than the 

normal phase relationships among the scattered electrons. For example, 

a complete expression for the intensity due to single scattering would 

include several other energy dependent factors, such as the Debye-Waller 

and atomic scattering factors. These introduce a weak, slowly varying 

energy dependence whose effect is to distort and shift the intensity peaks 

slightly. Another interesting contribution comes from the anisotropy of 

the lattice constant near the surface, due to an outward relaxation of 

the outermost atom layers. In general, it is felt that these contributions 

are too small to affect the data observably, unless special pains are 

taken to detect them. 

Although the use of a purely kinematic model must always be questioned, 

it nevertheless provides a means of organizing the data in situations such 

as those encountered for chromium and aluminum. Furthermore, it has been 

suggested6 that multiple scattering can lead to adistriblition of intensity 

at energies predicted by a kinematic model, in which case the latter may 

be used in structural analysis studies. This is certainly a welcome 

prospect, in .view of the great complexity of detailed multiple s'cattering 

calculations. 
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