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DENSITY MODEL FOR MEDIUM RANGE ORDER IN AMORPHOUS MATERIALS : APPLICATION 
TO SMALL ANGLE SCATTERING. 

B. BOUCHER, P. CHIEUX*. P. CONVERT*, M. TOURNARIE 

DPh-G-SRM, CEN Saclay, Gif-sur-Yvette, 91191 Cedex France 
* I . L . L . , 156x, 38042 Grenoble, France 

We consider a family of randomly spaced parallel planes, each plane dressed 
with a density function, h (x) , where x is the distance from the plane. An 
expression for the volume scattering power from a system of N such families 
with random orientations in space is derived from Fourier transform of h(x) , 
which can subsequently be determined from experimental observations. This 
density model is used to interpret the small angle angle neutron scattering 
(SANS) results for the amorphous alloy TbCu, 5 ^. 

1 . INTRODUCTION 
The physical properties of metallic amorphous alloys are dependent on medium 

o 

range atomic arrangement (10-10000A) existing in these alloys. Unfortunately» 
these arrangements and fluctuations, which are part ial ly described by local den
sity are not well known. Not enough work has been done, and the interpretation 
of observed scattering laws is d i f f icu l t due to the lack of a suitable model. 
In this work, we report a stat ist ical density model, based on a random space 
function.which leads to a general understanding of experimental observations. 
Our calculation leads to Poisson's distribution laws whose properties we have 
used to obtain a very general expression for small angle scattered (S.A.S.) i n 
tensity. This allows us to determine the density variation law from the observed 
intensity. We apply this model to the amorphous alloy TbCu, 5 4 as an I l lustrati 
ve case. 

2 . MODEL 

2.1. "Dressing" of planes 
(a) Assume a 0"x axis and perpendicular to this axis a random plane distribu

tion. We call 3Ax the probability that a plane is located in the interval Ax (8 
is vanishingly small). The probability that Ax contains two planes is Infinitely 
small and is assumed to be of higher order. The number of plane» lying 1n non-
overlapping intervals are random independent variables. This leads to Poisson's 
distribution law. 

(b) We "dress" each plane with the h(x) density function, x being the dis
tance from the plane. The "dressed" plane set 0x constitutes a"family" and is 
shown in fig. l (more intense shading indicates higher density). 



Figure 1 Figure 2 

(c) From Poisson's distribution law, we can calculate in reciprocal space 
(coordinates X,Y,Z) : 

(i) The spectral density g(X) = 6|H(X)j .where H(X) is Fourier transform of 
h(x). This expression is independent of Y and Z. 

(ii) The scattering power from unit volume, I(X,Y,Z) = 3*2|H(X)|2A26(AY)6(AZ), 2 where I is the area of transverse extension of the above defined planes, 6 is 
line profile (quasi Dirac function), A is a dimensional parameter (AY=scalar). 
I(X,Y,Z)=0 for Y or Z^O and we have |H(X)| *|H(-X)| ; so we can write 
I(X,Y,Z)=3*2|H(s)|2A2ô(AY)6(AZ) with s = /X 2+Y 2+Z 2. 

2.2. Scattering from "dressed" planes 
We consider N "families" of randomly oriented dressed planes. In reciprocal 

space, each family of planes is represented by a line which passes through the 
origin and cuts the sphere of radius s centered on the origin of the space. The 
density of such points in an element da on the surface of the sphere is given by 

Since the orientations of the families of planes are statistically Indepen
dent, the non-overlapping domains on the sphere surface are also independent. 
Using Poissjn's distribution law properties, we obtain the scattering power for 
unit volume, 

I(s) -^2 |H(s)| 2dV , (1) 
2TTS 



where v is direct space volume for which I(s) is calculated, dV » dsdo = AAA* 
(X = wavelength)and s =2TT sine/X. 

Table I gives examples of the functions h(x) and H(s) 

TABLE 1 

»hW Mit J ttrf 

> / / J ^ S-
• I 0 • • * 

density I for 0 < |x| <a 
0 for a < | x | 

a - |x| for O i | x | <a 
0 for a < |x| 

l /» v 

for 0 <v < 1 

Intensity 
HO i • aoéulation -4 

s ."• a- 4 to a"2 

2.3. Comments 
Expression (1) is isotropic. We assume only that the random distribution of 

the Ôx orientations has a uniform density. Eq. (1) is valid for plane families 
superimposed (fig. 3a) and/or for juxtaposed families (fig. 3b) in random domaia 

Figure 3 

No assumption is made about the sample state (cristallinor amorphous), evi
dently, the amorphous state is a more favourable case for random distribution 
of the planes. 

This model is able to account for s* a experimental laws (any a ) . However, it 
is necessary to be able to determine the Fourier transform which leads to h(x). 

We did an analogous calculation with a spherical reference surface instead 
of a plane and obtained analogous results. This indicates that the reference 
surface regularity assumed earlier 1s not probably a necessary condition. 



This model is valid as well for scattering of nuclear or electronic origin 

as for scattering of magnetic origin. 

In direct space, a set of families defines a polyhedron or a "domain". 
Inside, the density varies as the distance from the domain walls. The resultant 

density function at any point is the sum of the values of h(x.) corresponding 

to different faces of the polyhedron. 

3. MEDIUM RANGE ORDER IN AMORPHOUS ALLOY TbCu 3 5 4 

The amorphous alloy TbCu, cA obtained by sputtering has been studied pre-

viously ' . The short range order determined by neutron and X-ray diffraction 

will be published elsewhere . We recall briefly the most important experimental 

results and show how the model presented above account for these results. 

This alloy contains some impurities : 4 at% hydrogen, 1.5 at2 oxygen and 

1.5 at % argon. Neutron S.A.S. observed with a point geometry set-up (fig. 4) 

can be characterized by : 

(1) a q"3 law for q<0.lA" 1(q=2TTs). 

On this very intense scattering 

2.io*fi Jî* "* (~ 10 bams/mole) are superimposed 

oscillations vhose frequencies increase 

as q tends to zero and which represent 

25 to 40% of the intensity. The q"3 

law has been observed by other authors 

as well , but to the best of our know

ledge, the oscillations were not men

tioned. 
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Figure 4 

(2) For q > 0.1 A *, the scattering 

follows Guinier's law modified by a 

probability function. The ring intensi

ty is small (~20-40barns/mole). Only 

this ring can be detected by standard X-ray S.A.S. 

The expression (1) allows us to find the functions h(x) which lead to a q 

scattering. We give two functions in Table I. Both are characterized by a very 

rapid variation for x tending to zero, that is to say, when one is very close 

to planes defining the domain size. The squares of the Fourier transforms of 

these functions show oscillations whose frequencies are dependent on domain size 

If the domain size distribution is narrow, we observe oscillations-around a mean 
-3 

curve varying as q . The second function (with exponential term) leads to an 
oscillation frequency increasing for q tending to zero, which is in qualitative 

agreement with experimental results. However, this function does not give an 



• exact quantitative account of the observed q-variation of the frequency. 
Scaling on an observed maximum, from the calculated curve we determine a do-

o 
. main size of 3000 to 8000 A (depending on the thermal treatment of the sample). 

This is a reasonable order of magnitude, but we have to point out that the 
choice of the maximum is a little arbitrary. It is necessary to confirm this 
size by another method. 

°-l o 
The scattering for q ~ 0.2 A is due to "bubbles" of 10-15 A. During annea-

ling the bubbles tend to grow by coalescence and migrate towards less dense 
zones, increasing the density variation. The bubbles thus seem to enhance the 
density contrast. 

The proposed model, represented in fig. 5, quantitatively account for the 
i Density 

pure altoy 

Figure 5 

observed general features . Indeed, we observe that, after annealing, the total 
volume occupied by the bubbles has not changed ; the density at the domain center 
has increased to obtain almost the value of the alloy free of bubbles, while 
the density in zones constituting the walls has decreased.indicating more clear
ly the domain limits. Unfortunately, we have to determine two parameters : the 
volume occupied by the bubbles and the nature of the bubbles. It is not possible 

i 

to determine both parameters from neutron measurements only, but we are able to 
eliminate some possibilities : the bubbles cannot consist of oxides or segrega-

i 

ted metals ; they can however be voids , hydrides or argon or a mixture of two 
or three of these, occupying 2 to 4% of total volume. Indeed if we accept the 
domain size given above, every polyhedron would have from 20 to 30 faces. 



. . , . 4 . CONCLUSION 
The proposed model is wry general. It allows us to deduce from experimen-

\ tal measurements some variation law of nuclear, electronic or magnetic density 
It gives a physical interpretation of the q law which is related to scatte
ring from narrow walls. 
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