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This study investigates the reasons why it may happen that the first simulation of an electron diffraction 
pattern is not always centrosymmetrical whereas the second one is bound to be so. The formal link between 
the two simulations is established. A number of examples are given. 

Introduction 

Performance in selected-area electron diffraction is 
improving constantly. Twenty years ago resolution was 
about 2000 A on a single grain; but quite recently an 
improved value of about 22 A has been achieved by 
Geiss (1975) thanks to the latest progress in electron 
microscopes and the use of solid-state detectors. 

Geiss's achievement, added to current interest in the 
problem of the structure of atom aggregates, and linked 
in particular with the study of nucleation, would seem 
to confirm the interest in the computer simulation of the 

diffraction patterns of  such aggregates. This is, in fact, 
the subject of previous articles by the present authors 
(Larroque, Brieu & Lafourcade,  1976; Brieu, Larroque 
& Lafourcade, 1977) and here we would like to refer 
back to some aspects of these calculated patterns and 
in particular to the symmetries which are elicited. 

Simulated electron diffraction pattern 

If  we assume u and v to be any two atoms of the aggre- 
gate, r,, v the interatomic vector of the pair uv and S the 
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scattering vector, for an incident electron beam of 
wavelength 2, given by S = ( s -  %)/2 (with the usual 
notation recalled in Fig. 5), then, in the homo-atomic 
example, the diffracted kinematical intensity I (Guinier, 
1964) is given by 

I =  f 2 ~ exp(j2zcS.ru~) 
1 / , 1 ~  

( f :  atom scattering factor for electrons). The function 
I(S), related to the interatomic vectors of the aggre- 
gate, is described in reciprocal space and is centro- 
symmetrical (CS) in relation to the origin O of this 
space. 

Given the fact that the investigator would normally 
tend to be influenced by the approximation, usually 
accepted as valid in electron diffraction, that the 
pattern on the photographic plate is a projection of the 
section of the reciprocal figure by a plane passing 
through O and perpendicular to s 0, he would then be 
tempted to predict the centrosymmetry (CS) of the so- 
called pattern. We are going to show that this is not 
necessarily the case. 

Figs. 1 to 4 show the simulations of the function I, 
i.e. selected-area diffraction pattern simulations, in 
some simple cases for 2/a -- 1/100 (a: reference length 
corresponding to the lattice constant of the infinite 
crystal): a pair of atoms (Fig. 1), a regular tetrahedron 
(Fig. 2), a cuboctahedron of 13 atoms (Fig. 3), an 
icosahedron of 13 atoms (Fig. 4). The inset above each 
simulated pattern shows the orientation of the diffract- 
ing object with regard to the incident beam. 

Fig. 1 corresponds to a borderline case which is 
easily forecast and included here only to illustrate the 
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(c) (d) 
Fig. 1. Diffraction by a pair of atoms (for this figure, the step in 

scattering angle has been enlarged by three compared to the 
following ones and only the function I / f  2 has been drawn). (a) 
and (d) are the electronic analogues of Young's and Pohl's optical 
experiments, both of them being well known. 

(a) (b) (c) 
Fig. 2. Simulated diffraction pattern of four atoms associated in a regular tetrahedron. The CS is only obtained for cases (b) and (c) (for 

this simulation and the following, thefvalue for gold has been taken, and, in order to allow an improvement of contrast, the simulation of 
the central region has been deliberately avoided). The black arrows indicate some non-CS regions. The insets show a sketch of the 
aggregate when the incident beam is assumed perpendicular to the plane of the figure. 
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reliability of our calculations. The interpretation 
becomes evident when we consider the cones of inter- 
ference which have the pair as an axis. The CS of Fig. 
l(a) and (d), and the non-CS of Fig. l(b) and (c) are 
easily deduced. 

For Figs. 2 to 4, the legends specify the CS cases. 
The explanation of its presence or absence depends on 
Ewald's construction (Fig. 5), according to which, as a 
general rule, the cross section of the reciprocal figure is 
made by a sphere; it may result in 11 :~ 12, whereas 
I 1 = 13 (11, 12 and 13 are the intensities calculated re- 
spectively at the points 1, 2 and 3 of Fig. 5). However, 

the gap between 11 and [ 2 remains small (it does not 
exceed 15% of the maximum intensity in our exam- 
ples). This is because, with mean-energy electron dif- 
fraction, the gap between points 2 and 3 is also small 
(about a tenth of a thousandth of the radius of Ewald's 
sphere for a reflection close to the central spot). The 
effect observed in the long run, i.e. CS or non-CS 
pattern, is therefore noticeable only on weak 'secon- 
dary' reflections. However, for these reflections to be 
visible the population of the aggregate would need to be 
small, for example lower than a hundred atoms. This is 
what the examples dealt with in Fig. 6 reveal. In these 
examples one notices that, for an adapted structure and 
azimuth, a clearly deteriorated C S for the smallest of 
the aggregates is progressively restored as the size of 
the latter increases. 

The influence of the curvature of the sphere may be 
brought to light by calculations carried out for different 
values of ~.. One can see (Fig. 7) that the CS improves if 
one simulates an increase in the radius of the sphere, 

Fig. 3. Simulated diffraction pattern of a cuboctahedron of 13 
atoms observed under the azimuth A 3. The pattern of this CS 
aggregate is not perfectly CS. The black arrows indicate some 
non-CS regions. 

Z 

Sphere 

PLane 

Fig. 5. A reminder of Ewald's construction. 

(a) (b) (c) 

Fig. 4. Simulated diffraction pattern of an icosahedron of 13 atoms. The CS is obtained only in case (b). The black arrows indicate some 
non-CS regions. 



856 ASPECTS OF SYMMETRY IN SIMULATED E L E C T R O N  D I F F R A C T I O N  PATTERNS 

that is to say a decrease in 2/a, or an increase in the 
accelerating voltage V. 

As a conclusion to this study a simple rule which 
governs these problems of symmetry can be formulated 
as follows: every symmetry condition which aims to 
satisfy the equation 11 = 12 generates the CS of the 
pattern. 

In other words, the diffraction pattern of an 
aggregate is CS if the latter has a symmetry plane 
perpendicular to the incident beam or a twofold sym- 
metry axis parallel to the incident beam. 

A geometrical analysis, shown in the Appendix, 
makes it possible to reproduce some of our former 
conclusions. 

Simulated optical transform 

The question may  be asked why optical transform 
(Taylor & Lipson, 1964) does not raise the symmetry 

problem analysed above and why in fact it even makes 
the CS of the simulated pattern the test of the validity 
of the result obtained. 

By means of calculation, we decided to simulate the 
approximation realized in an optical transform, i.e. the 
diffraction by the figure obtained when projecting the 
aggregate on a plane perpendicular to the incident 
beam (such a projection corresponds to the mask used 
in an optical diffractometer). This transformation 
associates each interatomic vector r,v with its projec- 
tion ruv I. 

Formula (1) giving the diffracted intensity becomes 
for the new diffracting structure 

I '  = f 2  X exp(j2z~S.r~vl). 
/d,l~ 

Or, by calling S± the component of S perpendicular to 
the incident beam, 

I' = f 2  • exp(j2zeS±.ruv±)" (2) 
U,P 

Q 

(a) (b) (e) 
Fig. 6. Evolution of the CS of the simulated pattern for aggregates of the same icosahedral structure, observed under the same azimuth A 5, 

but of different sizes: (a) 13 atoms, (b) 55 atoms, (c) 147 atoms (2[a = 1/100). 

(a) (b) (c) (d) 
Fig. 7. Evolution, as a function of the values of 2/a, of the symmetry of the simulated pattern, for an icosahedral aggregate of 13 atoms 

viewed under the azimuth .45. The values of 2/a are (a) 4/100 (V~ 5500 V), (b) 2/100, (c) 1/lO0, (d) 1/200 (V~ 250 000 V). 
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Relation (2) is simply the optical transform of the 
aggregate. It must then give, by computer simulation, a 
pattern identical to that obtained by optical simulation. 
This pattern is automatically CS, since it is the result of 
a planar central cross-section of the reciprocal figure of 
the aggregate projection. 

To illustrate the relation (2) we have simulated the 
optical transform of the following models on a 
computer: hexagon (Fig. 8), tetraheclron (Fig. 9), 
cuboctahedron of 13 atoms (Fig. 10), icosahedron of 
13 atoms (Fig. I 1). Fig. 8 is identical to a previously 
published effective optical simulation (Taylor & Lip- 
son, 1974), which substantiates our former analysis. 
Furthermore, all our calculated optical transforms are 
CS and, from this point of view, it is interesting to 
compare Figs. 9, 10 and 11 with the corresponding 
Figs. 2, 3 and 4. 

Comparison between the two types of  computer 
simulation 

A more detailed comparison between the simulations in 
Figs. 2(a) and 9(a), 3 and 10, 4(a) and 1 l(a) suggests a 

further observation. In each case, the diffraction figure 
of a volumic aggregate is compared with that of a flat 
aggregate possessing the same number of atoms, with 
identical r~,±. One can see from the simulations the 
similar general aspect of these figures with, however, 
obvious differences in detail which must consequently 
be ascribed to the loss of the r,,jj for flat aggregates (r,,, 
is the component of the interat0mic vector r.. parallel 
to the incident beam). Therefore, the general character- 
istics of the diffraction pattern are ruled by the r,v ±. 
This conclusion is to be compared with that of 
Lafourcade (1954) according to which the angular 
width of the beam contributing to a diffraction spot is 
determined by the length of the atom rows in the 
diffracting crystallite which are normal to the beam. 

A difficulty may appear during the calculation of the 
optical transform of a volumic aggregate. It may 
happen that, when projecting the structure, some atoms 
are projected on the same point. The loss of infor- 
mation resulting from the loss of the r,,j~ is then aggra- 
vated here by a phenomenon of overlapping: the pro- 
jection includes fewer diffracting centres than the real 
aggregate. The result may be analysed in Fig. 11 (b) and 
(e) which, supposedly simulating the diffraction by an 

(a) (b) 

Fig. 8. Computed optical transform of a hexagon (a) normal to the 
incident beam, (b) inclined with respect to the incident beam. 

® ? z : ~  

::;;~ .... ???i ;;; 

Fig. 10. Computed optical transform of a cuboctahedron of 13 
atoms seen under the azimuth A 3. Compare with Fig. 3. 

(a) (b) (c) 
Fig. 9. Computed optical transform of a regular tetrahedron. Compare with Fig. 2. 
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icosahedron of 13 atoms, corresponds in fact to masks 
of 9 and 11 atoms only respectively. One can see that 
this loss may have an important effect on the 
diffraction figure leading, in extreme cases, to the 
inversion of some contrasts (Figs. 4b and 1 lb) or even 
to a complete modification of the said figure (Figs. 4c 
and llc).  With the 'pair of atoms' (Fig. 1), the 
computed patterns show the progressive transforma- 
tion (Fig. lb and c) of the straight parallel fringes of 
Fig. 1 (a) into the rings of Fig. 1 (d), the result would be 
quite different in optical transforms where straight 
parallel fringes would be found in the three cases of Fig. 
l(a), (b) and (c). 

These examples reveal a weak point of the optical 
transform which is also observed in effective optical 
simulation. The problem which consequently arises 
furthermore becomes insoluble when the superposition 
of two or several atoms of different nature takes place. 
In this case, the complete calculation of the diffraction 
pattern seems to give the only quantitative reference 
worth using. 

the first stages of the process of nucleation (Renou, 
Gillet, Brieu & Larroque, 1977). 

APPENDIX 

Some conditions for the CS of the diffraction pattern of 
an aggregate can be re-established by simple geo- 
metrical reasoning. Below we apply this kind of 
approach to the case of a homo-atomic aggregate. 

We can classify the terms of the function I into three 
classes: (1) Those relevant to the ruv perpendicular to 
the incident beam (Figs. la, 12a and 13a) contribute to 
the CS of the pattern. (2) Those relevant to the ruv 
parallel to the incident beam (Figs. l d and 12b), by 
their presence, imply a symmetry of revolution and 
therefore favour the CS. (3) Finally, those relative to 
the r~v inclined to the incident beam have a less 
immediate effect. If only one pair uv  is present, Figs. 
l(b), l(c) and 12(c) show that its contribution is non- 
CS. 

Conclusion 

The aspects of symmetry which we have considered in 
this article may soon have a more experimental basis 
when it becomes possible to produce and record 
electron diffraction patterns of aggregates having 
dimensions inferior to 15 A (i.e. about 100 atoms), and 
when, of course, the interpretation of the patterns 
becomes necessary. This is not perhaps an unreason- 
able hope since the electro-optics of electron micro- 
scopes are already sufficiently advanced. The main 
problem remaining is to perfect the technique of 
recording the very weak intensities diffracted by such 
very small aggregates. The effects studied in this article 
could then be observed. These effects, inherent to the 
small volume of each aggregate, are not always easy to 
interpret using optical simulation by means of planar 
models. Our study might then contribute to the 
understanding of structural anomalies which occur at 

(a) 

(c) 

(b) 

(d) 
Fig. 12. Analysis of the contribution of the different pairs of atoms 

to the diffracted intensity. 

(a) (b) (c) 

Fig. 11. Computed optical transform of an icosahedron of 13 atoms. Compare with Fig. 4. 
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Fig. 13. Simulated diffraction pattern of a planar rectangular aggregate of four atoms. It may be noticed that the patterns (b) and (c) may 
be compared to reflection high-energy electron diffraction (RHEED) patterns. 

In order to carry the discussion further, we need to 
develop the meaning of function I, by introducing after 
Vainshtein (1966) the notion of 'interatomic-distance 
function'. This analysis shows that each term of I acts 
as if the corresponding double pair uv, vu had been 
translated up to a hypothetical point where the middle 
or the origin of the interatomic vectors is finally super- 
imposed. This is a consequence of the fact that only the 
components of the interatomic vectors intervene in the 
process Let us consider a second pair u'v',  in such a 
way that, after the translation, the 'quadruplet' of the 
four inclined interatomic vectors uv, vu, u'v',  v'u' has 
the particular configuration and position of F ig  12(d), 
that is to say admits the incident beam as a symmetry 
axis The result is the restoration of the CS (Fig 13c) 
In F ig  13(b) it may be verified that a 'quadruplet' 
having a different position with regard to the incident 
beam gives a non CS pat tern 

When we try to forecast the symmetry of the pattern 
of an aggregate, two cases are possible (1) All the 
inclined ruv are, after the translation, associable in 
'quadruplets' in an appropriate position (Fig  12d): the 
pattern is perfectly C S  

(2) Some oblique r.v escape this grouping (for 
instance those which are binding atoms on the 
periphery of the aggregate): the pattern is then not 
thoroughly C S  

When the initial nucleus evolves and develops into a 
crystal, the symmetry of the infinite structure appears 
progressively From now on, when the azimuth of the 

incident beam is taken into account, if a quadruplet is in 
the appropriate position to the CS, the probability of 
several of them existing in the same position increases 
at the same time. The CS then becomes more and more 
evident by decreasing, in relative value, the disturbing 
effect eventually produced by the non-associable pairs 
or the quadruplets in an inappropriate position. 

This reasoning is obviously less complete than that 
based on Ewald's construction. Although it enables us 
to link the CS to the structure and to the size of the 
aggregate as well as to the azimuth of observation, it 
does not allow us to foresee the evolution of the pattern 
as a function of wavelength. Finally, it may be pointed 
out that its use would become rather arduous if the 
population of the aggregate exceeded about ten atoms. 
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