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A quantitative study was made of the diffuse scattering due to clustering at 550 ~ C in an 
Fe-6.1 at. % Mo alloy. The intensity due to local order was separated from the effects of 
different atomic sizes of the species and first-order thermal diffuse scattering, making use 
of the symmetry of these contributions. The Warren local-order parameters have been 
derived and used in a computer program to generate the corresponding atomic 
distributions. Comparison of the atomic configurations for clustering in this alloy are made 
with those for our previous measurements on a more dilute alloy, Fe-3.9 at. % Mo at the 
same ageing temperature. 

In both alloys there are irregularly shaped Mo-rich clusters, but these are very dilute. 
For the smallest clusters there is some resemblance to the equilibrium precipitate Fe,Mo. 
This weak Mo concentration in these zones explains why previous investigators have found 
little hardening due to GP zones in this alloy. Also, the average displacement of Fe atoms 
from lattice sites is less in the alloy of 6.1 at. % Mo than in the more dilute alloy; this 
suggests there may be a relationship of these displacements to alloy-softening. 

The available M6ssbauer spectra for this alloy are re-examined, and the suggested 
assignment of the Fe peaks to specific numbers of Mo neighbours in the first two shells is 
revised on the basis of the computer-generated atomic configurations; the third neighbour 
shell appears to be important. 

1. In t roduct ion 
In quenched iron-rich Fe-Mo alloys containing 
20 at. % Mo, Mo-rich clusters form as discs on 
dislocations [1 ], if ageing is carried out at 500 ~ C. 
After long ageing times these discs form Mo-rich 
particles. Above this temperature, only dis- 
continuous precipitation occurs. The precipitate 
is F%Mo2, although below 900 ~ C the equi- 
librium phase should be F%Mo [1 ]. For a more 
dilute alloy containing 6 at. % Mo, in a study of 
the M/Sssbauer spectrum by Marcus, Fine, and 
Schwartz [2], quenched alloys exhibited two 
"satellites" near each of the six resonant 
absorption bands due to iron; the quenched alloy 
is not random. The pattern was interpreted as 
due to Fe atoms with 0, l, or 2 Mo atoms among 
their 14 nearest neighbours. At 650 ~ C, these 
distributions do not change until F%Mo forms, 
�9 1970 Chapman and Hal1Ltd. 

when the number of Fe atoms with 2 Mo 
neighbours falls. At 550 ~ C, for 2 to 30 h, there is 
a decrease in the number of these atoms, then an 
increase, and finally Fe2Mo appears. This change 
in the number of Fe atoms with two neighbours 
was interpreted as due to the formation of Mo 
atom clusters (which decreases the Fe atoms with 
Mo neighbours) followed by the formation of 
Fe~Mo. Preliminary X-ray studies performed by 
us and reported in [2] showed weak diffuse 
scattering near Bragg peaks after quenching; the 
intensity increased for 5 h at 550 ~ C and then 
decreased when F%Mo formed. 

In this paper, we present results of a detailed, 
quantitative study of the X-ray scattering from a 
single crystal. The new experimental techniques 
and methods that were employed have been 
described by us in detail [3]. Briefly these 
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methods allow a separation of the contributions 
to scattering of local order (clustering d r  Slaort- 
range order) from those due to differences in 
atomic size or thermal vibrations, with measure- 
ments at only one temperature, following a 
procedure outlined by.Sparks and Boric [4, 5]; 
the method is based on the different symmetries 
in reciprocal space of the various contributions. 
Heretofore, quantitative measurements could 
only be made on alloys with short-range order. 
In our previous paper [3] the methods were 
tested with Fe-3.9 at. ~ alloy. We shall examine 
the results on that alloy as well as the new 
results on Fe-6.1 at. ~ Me presented here, to 
provide a more complete description of cluster- 
ing in this system. 

With the Warren local-order parameters 
obtained from the diffuse scattering, "pictures" 
of the alloy system have been obtained; the 
computer simulation developed by Gehlen and 
Cohen [6] was employed to obtain the atomic 
configurations compatible with these parameters. 
These will be examined qualitatively and 
quantitatively, and compared with the data from 
the M~Sssbauer investigation, and with studies of 
age-hardening [7]. Finally, the displacements of 
atoms from lattice sites may be related to the 
alloy-softening that occurs in this system [7]. 

2. Experimental Details 
Because all the details of the measurements on 
the alloy of 3.9 at. ~ were carefully noted in [3], 
we give details only for the alloy of 6.1 at. ~ Mo. 

2.1. Sample Preparation 
For the 6.1 at. ~ Mo, the starting material was 
a 1.3 cm thick sheet of  nominal composition 
9.92 wt ~ Mo, 0.022 wt ~ C, 0.0032 wt ~ N, 
the rest being Fe. After all the heat-treatments to 
be described, the composition of the specimen 
was measured by X-ray fluorescence and found 
to be 6.06 4- 0.15 at. ~ Mo. A strip was cut from 
this sheet and alternately cold-rolled and 
recrystallised (in a vacuum induction furnace) at 
about 1300 ~ C until a final grain size of about 
15 mm was obtained. A large grain was cut out 
with a diamond wheel and ground so that the 
surface normal was within �89176 of a <101> 
direction. The specimen was vacuum-annealed at 

1050~ for 1 "11, quenched into iced brine, 
reannealed 5 h at 550 ~ C and slowly cooled 
(about 1.5 ~ C/see) to room temperature.* This 
treatment was chosen to correspond to that 
which brought about a decrease in Fe atoms with 
2 Me neighbours, as found in [2]. The crystal 
was then mechanically polished followed by 
electropolishing to remove any surface defor- 
mation. (This was checked with Laue patterns.) 
A light chemical etch was applied to reveal any 
grain-boundaries. Fe-fluorescence from the speci- 
men produced by incident CuK~ was constant 
for 20 larger than 20 ~ , indicating negligible 
surface irregularities [9]. 

(A large single crystal was employed in the 
study of Fe-3.9 at. ~ Me;  see [3].) 

2.2. Measurements 
The measurements were made with a GE XRD-5 
diffraetometer equipped with GE electronics, a 
proportional counter, pulse-height analyser and 
CoK~ radiation, monochromated with a doubly 
bent LiF crystal. The specimen was mounted on 
a small goniometer for fine adjustments. This was 
attached to the standard GE-quarter-circle 
eucentric goniometer. The sample and the small 
goniometer were surrounded by a plastic bag 
filled with flowing He. With an initial orientation, 
X = 90~ the [I01] direction was adjusted 
parallel to the diffraction plane. (For the alloy of 
3.9 at. ~ Me, the sample was in a vacuum.) 

The divergence and receiving slits were set to 
correspond to a resolution of 0.04 reciprocal 
space units at the middle of the 20 range 
explored. The background was measured using a 
lead trap in the sample position. For 14 data 
points with 20 between (the minimum) 29.5 ~ and 
37 ~ the He-filled bag could not be used owing to 
scattering from the bag; the background due to 
air-scattering ranged between 42 ~ and 29 ~ of  
the measured total intensity in this region.? 
Between 37 ~ 20 and 67 ~ 20, using the He-filled 
bag, the background was only a few per cent. of 
the total. Between 67 ~ 20 and 151 ~ 20 measure- 
ments were again made in air because the back- 
ground was still small. For 10 data points with 20 
between 151 ~ and the maximum value 153 ~ , no 
receiving scatter slit could be used owing to the 
geometry of the experimental arrangement. The 

*According to the estimates in [8], this cooling rate for these alloys is sufficient to prevent any appreciable atomic 
rearrangement; the results are thus characteristic of the heat-treatment at 550 ~ C. 
tThe high background due to air-scattering for these points with 20 lower than 37 ~ causes a high degree of uncertainty 
in the corresponding data. This is not serious, however, because these are all low intensity points far from a Bragg peak. 
The measurements on the Fe-3.9 at. ~ alloy made in vacuum [3] revealed no fine details in this region. 
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backgromd was then about 6 to 19~  of the 
measured intensity. 

The absorption in the plastic bag was 11 
without He and 8.7 ~ with He. The length of the 
beam path through the bag and thus the X-ray 
absorption varied slightly with 20 and X; this was 
accounted for in an absorption correction of the 
data points. 

The Co tube was operated at 45 kV; therefore, 
the measured intensity had to be corrected for 
Fe-fluorescence from A/2 and A/3 in the crystal- 
monochromated beam. Since the voltage was the 
same as in the earlier work [1] it was assumed 
that the fluorescent intensity per unit beam power 
and per at. ~ Fe was the same as before. The 
estimated Fe fluorescence amounted to typically 
30 ~ of  the measured intensity. Thus, approxi- 
mately half the recorded intensity corresponded 
to parasitic scattering from air or He, and 
fluorescence. 

(The measurements on the alloy of 3.9 at. 
Mo being made in vacuum, these corrections 
were much less significant.) 

The direct beam intensity was measured using 
the same technique as in our earlier paper [3]. 
The intensity decreased from 0.43 • 108 cps to 
0.41 • 108 cps during the experiment, but one 
data point was measured regularly and the 
measured intensity was corrected for this drift. 
(The monitor counter, used for Fe-3.9 at. ~ Mo, 
was not employed here.) The transformation of 
the measured intensity to electron units per atom 
was also performed in the same way as before, 

and Compton scattering [10] was subtracted to 
obtain the coherently scattered intensity. 

3. R e s u l t s  
3.1. Atomic Distributions 
The total diffuse intensity observed for the 
present alloy is similar to that  described in our 
earlier paper, with the maxima of the diffuse 
intensity at the fundamental peaks. However, the 
streaks of high intensity extending from the 1 01 
and 2 1 1 peaks were not found for this alloy. The 
distribution of the local-order intensity is not 
very different from the one found in the 3.9 at. 
alloy, which was essentially spherically distributed 
around the Bragg peaks. (The streaks observed 
in that alloy were due to size effect modulation 
and Huang scattering plus TDS.) Thus no plots 
of the intensity distribution in reciprocal space 
are given here. 

The local-order parameters ~ derived from the 
local-order intensity are given in table I both 
corrected (column 2), and not corrected (column 
1), for the variation with sin0//~ of the scattering 
factors (see our earlier paper for details on this 
correction). The % terms are slightly larger than 
the ones found for the Fe-3.9 at. ~ Mo alloy, 
indicating more uncorrected parasitic scattering 
in the present case, which is to be expected owing 
to the less refined technique used. Column 3 
presents the results obtained by subtracting the 
indicated value (an assumed constant but 
undetected background) to bring c~ 0 to its 
theoretical value of unity. The value is not 

T A B L E  I Warren local-order parameters cfi for Fe-6.1 at,~/o Mo. 

Co-ordination shell lmn I 
i uncorrected 

2 
corrected for variation in scattering 
factors over volume of measurement 

3 
0.46 cps removed* 

0 000 1.328 1.255 
1 111 0.093 0.071 
2 200 0.060 0.043 
3 220 0.034 0.024 
4 311 0.030 0.022 
5 222 0.035 0.027 
6 400 0.027 0.020 
7 331 0.018 0.013 
8 420 0.018 0.014 
9 422 0.012 0.009 

10' 511 0.012 0.008 
10" 333 0.011 0.009 
11 440 0.007 0.007 
I2 531 0.008 0.007 

1.000 
0.069 
0.042 
0.024 
0.022 
0.028 
0.019 
0.013 
0.014 
0.009 
0.008 
0.009 
0.007 
0.007 

*8 ~ of a typical data point 
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T A B L E  II Conditional pair probabilities, PiM~ M~ and average numbers of Me atoms around an Me atom. 

Shell Co-ordination 3.9 at. ~ Me 6.1 at. ~ Me 
number 

lmYl pjMo I k M~ average no. Me atoms pimp ] gMo average no Me atoms 

actual random actual random 

1 8 111 0.132 1.06 0.31 0.126 1.21 0.49 
2 6 200 0.080 0.48 0.23 0.100 0.60 0.37 
3 12 220 0.080 0.96 0.47 0.084 1.07 0.73 
4 24 311 0.065 1.56 0.94 0.082 1.97 1.46 
5 8 222 0.070 0.56 0.31 0.087 0.70 0.49 
6 6 400 0.073 0.44 0.23 0.079 0.47 0.37 

unreasonable ,  being o f  the order  o f  8 ~ o f  a 
typical  da t a  point .  

The definit ion o f  the War ren  loca l -order  
parameters  is:  

~,m.  = 1 - P ?  I kB/XA (1) 
where Imn are co-ordinates  o f  the in te ra tomic  
vector  between sites j and  k, XA is the mole  
f ract ion o f  element  A and PiA I kBis the condi t iona l  
p robab i l i ty  tha t  there is an A a tom at site j if  
there is a B a t o m  at k. ( Ins tead of  the co- 
o rd ina te s / ,  m, n the shell number  i is often used.) 
Put t ing  A = Fe  and  B = M e  and not ing tha t  

P?] .~  + P ? l k  B= 1, 
pimp i pkMo = XFe. c~t,~, + XMo. (2) 

The number  o f  M e  a toms  a round  an M e  a tom 
in a shell with co-ord ina t ion  number  Z is then 
Z(XFe.  ~, , , ,  + X~o). In  table  II  this quant i ty  is 
given for  bo th  the Fe-6.1 at. ~ M e  and Fe-3 .9  

at. ~ M e  alloys.* The six first ~'s for  the 6.1 at. 
M e  al loy are all smaller  than  for  the 3.9 at. 

M e  al loy bu t  the number  of  M e  a toms  in a shell 
a round  any M e  a tom is greater.  The r a n d o m  
values are also given. The excess in each shell 
over the r a n d o m  value is abou t  the same for bo th  
alloys. 

The a tomic  configurat ions  tha t  satisfy the  
measured  local  order  parameters ,  al ,  c~2, and  %, 
were developed for  3D models  o f  16 000 atoms,  
using an extended version of  the Geh len-Cohen  
app roach  [6] developed by  J. E. Gragg,  Jr  [11]. 
(It  is capable  of  handl ing  fcc or  bcc and up t o  
108 000 atoms.)  The ~'s in co lumn 1 and  3 o f  
table  I and  the ~'s cor responding  to a r a n d o m  
dis t r ibut ion  (~1 = c~2 = a8 = 0) were employed.  
Fig. 1 shows the dis t r ibut ion of  ne ighbours  of  a 
M e  a tom for bo th  alloys. (Note  how well the 
computer -genera ted  r a n d o m  alloys agree with 
the calculated r a n d o m  dis t r ibut ion.)  Fig. 2 shows 

T A B L E  III Characterisation of atomic configurations generated by Computer: maximum, median, and average 
cluster sizes and average Me concentration in clusters with 8 to 18 Me atoms and with more than 18 Me 
atoms, Fe--3.g at. ~/o Me and Fe-6.1 at. ~o Me. 

Maximum cluster Median cluster Average cluster 
size size size* 
number of Me number of Me number of Me 
atoms atoms atoms 

3.9at. % 6.1at. % 3.9at. ~ 6.1at. % 3.9at. ~ 6.1 at. 

Average Me concentration in at. ~ of 
dusters with 

8-18 Me atoms > 18 Me atoms 

3.9at. ~ 6.1at. ~ 3.9at. ~ 6.1at. % 

Uncorrected? 29 66 7 12 7.9 11.0 12.0 12.3 8.6 5.7 
Corrected:~ to 
c~o = 1 39 66 6 9 7.6 11.0 10.8 12.5 6.8 7.7 
Random 11 31 2 4 4.5 7.2 7.1 8.0 5.8 

*Single Me atoms and pairs of Me atoms were excluded when calculating the average size. 
?Configuration generated with cq, a2, and % taken from column 1, table I in this paper and column 1, table II in our 
earlier paper [1 ]. 
:~Configuration generated with cq, c~2, and c~3 taken from column 3, table I in this paper and column 4, table II in our 
earlier paper [1 ]. 

*The sets of c~'s that have been used are those for which ~0 was adjusted to unity after the local order intensity was 
corrected for the sin0/,~ variation of the scattering factor terms; that is column 4 of table I of our earlier paper [3] 
and column 3 of table I here. 
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Figure 1 The  number  (NMorl) of  Mo atoms having n Mof i r s t  n e i g h b o u r s . - - - - a c t u a l  al loy; . . . . . .  random a l loy(computer )  
. . . .  theoretical for a random al loy: 

NM ~ n ~ XM O 16000 (XFe)~-'(XMo)n(nS) 
Arrows indicate the values obtained from c~ i (a) 3.9 at. ~/o Mo; (b) 6.1 at. ~/o Mo. 

for Fe-6.1 at. ~ Mo how many Mo atoms 
belong to clusters below a size indicated on the 
abscissa, for the three sets of o~'s. An Mo atom 
was considered part of a cluster if it was a first, 
second, or third nearest neighbour of at least one 
other Mo atom. As expected, the larger the cCs, 
the more Mo atoms are in large clusters. A 
similar figure for the 3.9 at. ~ alloy was 
presented by us in [3]. The maximum cluster 
sizes, the median cluster sizes as defined in fig. 1 
and the average cluster sizes excluding single Mo 
atoms and pairs are given in table III for both 
alloys. The clusters were all irregular in shape; 
see fig. 3 for two examples. If  a cluster is 
inscribed in a box with its edges parallel to the 
unit cell edges, an average Mo concentration can 
be calculated for the cluster. Table III also gives 
this average for all clusters with 8 to 18 Mo atoms 
and with more than 18 Mo atoms. 

The average Mo content of clusters with 8 to 
18 Mo atoms is only slightly larger for the 6.1 at. 

Mo alloy than for the 3.9 at. ~ Mo alloy. The 
same is true for regions with the maximum Mo 
content (not shown in table III), which is 22 at. 
for the 6.1 at. ~ Mo alloy and 20 at. ~ for the 
3.9 at. ~ Mo alloy. These concentrations 
approach the value of 33 at. ~ Mo correspond- 
ing to the phase F%Mo, which is precipitated in 
both alloys after longer annealing times at 550~ 
It is the smaller clusters that have this concentra- 
tion. Considering that atoms in the surface of 
such regions could not have exact F%Mo 
surroundings, this is some indication that nuclei 
of this phase exist prior to precipitation. In fig. 3 
there is alignment of Mo nearest-neighbour 
atoms along <110> directions in all three 
projections and there tend to be two adjacent 
directions like this, often with Fe atoms between 
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Figure2The distribution of M �9  atoms over clusters of various sizes, Fe-6.1 at. ~/o Mo. The ordinate indicates the number 
of Moa t �9  in clusters below the size given on the abscissa.The circled numbers refer to the columns in table I which 
were the input to the computer. 

M�9 along each row. (These rows are evident also 
in individual planes of a cluster.) F%Mo is a 
MgZn 2 Laves phase (Strukturbericht C14) with 
alternate double simple hexagonal layers of Fe 
and Mo, the double layers stacked in an hcp 
sequence. When it precipitates from this alloy the 
basal plane is parallel to {110} planes of the 
Fe-rich bcc phase [12]; such a structure involves 
exactly these kinds of rows relative to the matrix. 

The median and average cluster sizes are 
approximately proportional to the M�9  content. 
Thus, the larger number of M�9  atoms in the 6.1 
at. ~ alloy is achieved by a larger number of 
clusters and by larger sizes of clusters, not by a 
higher concentration of M�9  atoms within the 
clusters. 

The results in the second row of table III are 
included to show that this analysis is not sensi- 
tive to small errors in the ~'s. 

(The atomic configurations were generated 
using only al, ~2, a3- The computer program can 
also calculate higher order ~'s from the generated 
configuration to compare with experiment. These 
were of the same sign as the measured values but 
generally smaller by a factor of about five.) 
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3.2. Static Displacements of Fe atoms 
The separated scattering due to size differences of 
the atoms was analysed in the same way for the 
6.1 at. ~ M�9  alloy as for the 3.9 at. ~ M�9  alloy 
(see [3 ]). Table IV gives the length of the average 
displacement vector 3zmn -FeFe and its angle 
with the vector (l, m, n) for both alloys. (These 
terms are obtained from the modulation of diffuse 
intensity due to size effects.) The average dis- 
placements for all shells except the second one 
are smaller than for the 3.9 at. ~ M�9  alloy; the 
first value is about 20 ~ of that for the more dilute 
alloy. The largest value is only about 0.2 ~ of the 
smallest interatomic distance. 

4. Discussion 
In [7] it was shown that heat-treatment to 
produce only clustering did not appreciably alter 
the mechanical properties of the 6 at. ~ M � 9  
alloy. The reason for this is now clear; the vast 
majority of zones are indeed very dilute. 
Dislocations would not produce much interracial 
energy on cutting through such regions. It is also 
interesting to note that the average displacement 
of Fe atoms from lattice sites is much smaller in 
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Figure 3 Projections along the three unit cell edges of two 
clusters with 11 Mo atoms, Fe- 6.1 at.~/o Mo. 

Fe-6.1 at. ~ Mo than in 3.9 at. ~ Mo. Alloy- 
softening is much less pronounced in the former 
alloy than in the latter. The reduction in the 
average displacement in the 6.1 at. ~ Mo alloy 
appears to be due to the larger number and size 
of  the clusters; both alloys have about the same 
fraction of Mo atoms with no Mo first neigh- 
bours. While the reason for alloy-softening is still 
controversial, these results suggest that it may be 
the reduction of the Peierls stress rather than 
"scavenging" in this system; further studies of  
the displacements in other systems are warrant- 
ed.* 

It is interesting to speculate on the nucleation 
event for F%Mo. Our results indicate that small 
zones resemble the composition and the structure 
of this equilibrium phase. The reason for the long 
incubation time for precipitation in this system is 
thus not clear. 

Finally, in table Va, we compare the results 
from the computer-generated configurations 
with those from the interpretation of the peaks in 
the M6ssbauer spectra [2]. While there is no 
question from the position of the peaks in this 
pattern that the one identified as due to iron 
atoms with the least number of Mo neighbours is 
correctly chosen, the assumption in [2] that it is 
due to a specific number (none) in only the first 
two neighbour shells is quite arbitrary, as is also 
true of the other peaks detected in the pattern 
and listed in table V. In fact, a comparison of 
columns 2 and 4 show that the manner in which 
the pattern was interpreted implies a decrease 
from random in the number of Fe atoms with no 
Mo neighbours in the first two shells; this is the 
reverse of what one would expect for clustering. 
The agreement with the computer maps is not 
good. The agreement for the other peaks is also 
poor ! At this point, with one of the investigators 
in the Mdssbauer study, Professor L. H. 
Schwartz, we considered a possible role of third 
neighbours to an Fe atom, particularly those 
groups that had no Mo neighbours in the first 
three shells, or 1, or 2 Mo atoms. In table Vb we 
show that in fact such an interpretation fits the 
data much more closely. (About 20 ~ of the Fe 
atoms were not included in the groupings 
mentioned. The theoretical fractions and those 
from the computer maps represent the fractions 
of the population counted, not the fraction of  

T A B L E I V The average displacement between two Fe atoms, ~;Fe-Fe (A), and the direction of this displacement, 
relative to the interatomic vector/mini" 

Shell, i lmn Fe-3.9 at. ~ Mo Fe-6.1 at. ~ Mo 

i ~FeFe ] ~ (o) [ ~FeFe I ~ (o) 

1 111 0.0022 180 0.0004 180 
2 200 0.00005 180 0.0009 0 
3 220 0.0010 0 0.0003 0 
4 311 0.0006 10 0.0004 148 
5 222 0.00005 0 0.0004 0 
6 400 0.0006 180 0.0003 180 
7 331 0.0007 156 0.0003 162 
8 420 0.0003 165 0.0001 117 

*The techniques are presented in [3]. It is worth stating here that what one measures is the average static displacement. 
From peak depressions in alloys it is well known that one can measure the root-mean-square displacements [4]. While 
these are often assumed to be the same thing, this is not really the case, and the former may be of more interest. 
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T A B L E  V Comparison of atomic distributions with interpretation of M6ssbauer spectra in [2], for Fe-6.1 at. ~/o Mo. 
(a) 

Fraction of Fe atoms with indicated Random Clustered From 
number of Mo neighbours in (calculated) from computer [2] 
1st and 2nd shell simulation 

0 0.438 0.498 0.384 
1 0.402 0.296 0.561 
2 0.160 0.133 0.055 

> 2 - -  0.072 - -  

(b) 

Fraction of Fe atoms with indicated Random Clustered From 
number of Mo atoms in (calculated) from computer [2] 
1st three shells simulation 

0 0.25 0.36 0.384 
1 or 2 (with 1 in each of two shells). 0.64 0.55 0.561 
2 in either 1st, 2nd, or 3rd shell 0.11 0.09 0.055 

to ta l  Fe  a toms  as was the case for  the fract ions 
in a. This cor responds  more  closely to the 
s i tuat ion in the M~hssbauer experiment .  Norma l -  
ising the values in a would  have made  the 
compar i son  even worse.)  

I t  is wor th  emphasis ing that  i t  is the agreement  
o f  the M~hssbauer exper iment  with the f ract ion o f  
Fe  a toms  with no Mo neighbours  in the first 
three shells ( f rom the compute r  maps)  that  is 
most  impor t an t ;  this peak  in the spect rum 
is clearly due to Fe  a toms  with a m in imum 
number  o f  M o  neighbours,  while the others 
might  be due to several possible M o  ne ighbour  
d is t r ibut ions  other  than  the ones we chose. No te  
also tha t  the value for  this first peak,  bo th  in the 
compute r  s imula t ion  and  in the M6ssbaue r  
spectra,  is now higher than  the r a n d o m  value, 
as is expected for  clustering. 

The need for  the compute r  maps  in under-  
s tanding the M6ssbauer  spectra  in al loys is clear 
in this case and more  detai led studies a long these 
lines should prove interesting. 
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