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Amorphous Ni50Ta50-samples with their high crystallization temperature of 985 K were 
investigated. To evaluate the three partial structure factors of amorphous Ni5 0Ta5 0 one X-ray 
diffraction experiment was performed with Ni5 0Ta5 0 and two neutron diffraction experiments with 
Co 1 0 Ni 4 0 Ta 5 0 and with Ni 5 0 Ta 5 0 , respectively. The Bhatia-Thornton partial structure factor SCC(Q) 
indicates rather strong chemical short range order which also explains the premaximum observed 
in the Faber-Ziman partial SNiNi(Q)-function. The nearest neighbor distance is 2.82 Ä for N i - N i , 
2.91 Ä for Ta-Ta, and is shortest for Ni-Ta, 2.44 Ä. The coordination numbers are iVNiNi = 4.9, 
NTaTa = 8.2, and NNiTa = 6.0. 

We report on the chemical short range order and the possible binding behavior in a-NiS 0Ta5 0 and 
compare the present results with those reported in the literature on a-Ni4 0Ti6 0 as well as on 
a-Ni 5 5Ta 4 5 . 

1. Introduction 

Amorphous NixTaj _x-alloys (0.3 < x < 0.68) were 
prepared using the splat cooling method with levita-
tion melting in vacuum [1], These alloys show rather 
high crystallization temperatures between 1030 K and 
950 K [1]. The Vickers hardness amounts to the rather 
high value of about 900 kp/mm2. The resistivity and 
Hall effect was measured also [2]. Possible applica-
tions of these alloys are as substrates for chips and as 
films for brazing [2]. 

In the present paper we report on the determination 
of partial structure factors by combination of X-ray-
and neutron-diffraction with the amorphous Ni50Ta50-
alloys (crystallization temperature 985 K; melting 
point of the corresponding crystalline alloy 1930 K). 
Three diffraction experiments are necessary, which 
have to differ in the scattering length of at least one of 
the components. We will show that this can be 
achieved in the present case of amorphous Ni50Ta50 
first in proving by the investigation of an amorphous 
(a)-Co50Ta50-alloy that Ni can be isomorphously 
substituted by Co. Secondly neutron diffraction 
was applied not only to a-Ni50Ta50 but also to 
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a-Co10Ni40Ta50, and thirdly an X-ray diffraction 
experiment was performed with a-Ni50Ta50. 

As usual, the partial structure factors will yield the 
pair correlation functions, atomic distances, partial 
coordination numbers as well as hints on the binding 
behaviour. 

2. Theoretical Fundamentals 

From the coherently scattered intensity / c o h(0 one 
obtains the total structure factor SFZ(Q) according to 
Faber and Ziman [3]: 

5 p z ( 0 = ^ h ( 0 - C l c (bl-b2f 

with 
Q = 4 Tr (sin 0)/A = modulus of the momentum 

transfer, 
2 0 = diffraction angle, 
/ = wavelength of the scattered radiation, 
C; = concentration of component i in atomic frac-

tions, 
bi = scattering length of component i for coherent 

scattering, 
<6> = c1bl + c2b2. 

SFZ(Q) is the weighted sum of the partial structure 
factors SjjZ(Q), which describes the contribution of 
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ij-pairs to the structure factor: 

s f z ( 0 - i < ß > + 2 c i ° £ b 2 s t 2 i ® <by <by 

+ 
:2b 

<by 
S22(Q)- (2) 

This equation shows that each partial structure factor 
is multiplied by a weighting factor Wtj which contains 
the concentrations and the scattering lengths. 

By Fourier-transformation follows the total re-
duced pair distribution function GFZ(.R) in real space 
which is composed of the partial functions G^R) us-
ing the same weighting factors as in (2). 

For the understanding of structural results it is use-
ful to adopt also the description according to Bhatia 
and Thornton [4], For the total Bhatia-Thornton 
structure factor stands: 

S B T ( 0 = 
W Q ) <by 

+ 

<b2y <b2y 

c1c2(b1-b2)2 

S N N ( 0 (3) 

<b2y 
scc(Q) +2 \b2y Snc(Q) 

with 
SN N(0 = contribution of density-density correlations, 
Scc(ß) = contribution of concentration-concentration 

correlations, 
5nc(ö) = contribution of concentration-density cor-

relations. 

The Fourier transform of .SBT(Ö) yields the BT total 
reduced pair distribution function GBT(R), which is 
composed of the partial BT pair distribution functions 

(R), GCC(R), and GNC(R) using the same weighting 
factors as in (3). 

The connection between both formalisms is given 
for example by 
GCC(R) = Cl c2[G,l(R) + G22(R) -2G12(R)]. (4) 

3. Experimental 

3.1. Specimen Preparation 

From Ta (purity 99.9%), Ni (purity 99.98%), and 
Co (purity 99.99%) alloy buttons were made by melt-
ing the constituents together in argon atmosphere. 
The buttons were turned over and remelted several 
times in order to ensure homogeneity. The alloys were 

broken into 400 mg sections and rapidly quenched 
from the melt within a two piston splat-cooling 
device. The resulting splats were 40-60 pm thick and 
15-25 mm wide. 

3.2. How to Obtain Partial Structure Factors 
from the Total Structure Factors 

For the evaluation of the partial Faber-Ziman 
structure factors according to (2) one needs three ex-
perimental total structure factors with different 
weighting factors, i.e. three independent equations 
which present a linear independent 3x3 system. In 
the present work we applied the combination of two 
neutron- with one X-ray-diffraction experiment. In 
the following we discuss the g-dependence of the 
Faber-Ziman weighting factors, which is shown in 
Figure la. Whereas the weighting factors IFNiNi and 
^NiTa decrease, the weighting factor WTaTa increases 
with increasing Q. The sum of Wtj must be one. We 
used the complex X-ray scattering amplitudes b (Q) 
= b0{Q) + b'+ ib". b0(Q) was taken from [5], b' and b" 
from [6], 

The calculation of the three weighting factors for 
a neutron experiment with a-Co50Ta50 using the 
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Fig. 1 a. Faber-Ziman X-ray weighting factors for the 
Ni50Ta50-alloy. The neutron weighting factors for a-Co50Ta50 
are marked with ( x). 
Fig. 1 b. Q-dependence of the condition number; ( ) 
Faber-Ziman formalism; ( ) Bhatia-Thornton formalism. 
i) n Ni5 0Ta5 0 ; nCo 5 0 Ta 5 0 ; xNi 5 0 Ta 5 0 , 
ii) n Ni5 0Ta5 0 ; n Co1 0Ni4 0Ta5 0 ; xNi 5 0 Ta 5 0 , 

iii) n Ni5 0Ta5 0 ; n Co2 5Ni2 5Ta5 0 ; xNi 5 0 Ta 5 0 . 
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neutron scattering lengths according to [7] yields that 
these coincide with the X-ray weighting factors at 
ö = 3 Ä - 1 . The corresponding values are marked by 
crosses (x) in Figure 1 a. 

Figure 1 b shows the ß-dependence of the condition 
number, i.e. the normalized determinant of the weight-
ing factors for the following three combinations of 
experiments: 

i) nNi50Ta50; nCo50Ta50; xNi50Ta50; 
ii) n Ni50Ta50; n Co10Ni40Ta50; xNi50Ta50; 
iii) n Ni50Ta50; n Co25Ni25Ta50; xNi50Ta50. 

The combination i) shows the lowest value and 
reaches zero for Q = 3 Ä - 1 , which means that for this 
Q-surrounding the system is too ill-conditioned. The 
combination iii) shows the highest value and thus 
would be most convenient for the solution of the pres-
ent problem. 

However, to be sure that the method of iso-
morphous substitution is not disturbed by the slight 
difference of atomic volumes of nickel and cobalt, re-
spectively, we chose the combination ii). The full-line 
curves in Fig. 1 b are calculated for the Faber-Ziman 
formalism. The condition number as calculated for the 
Bhatia-Thornton formalism and combination ii) is 
shown as dashed line. 

3.3. Diffraction Methods 

3.3.1. X-ray Diffraction 
X-ray diffraction with a-Ni5öTa;>0 was done in re-

flection mode using Ag-Ka-radiation with graphite 
monochromator in the diffracted beam. 

The experimentally obtained intensity curve was 
corrected for polarization [8], Compton scattering 
[5, 8], and then normalized to S{Q) [9], 

3.3.2. Neutron Diffraction 

Neutron diffraction with the a-Ni50Ta50-specimen 
(10 grams) was performed with the powder diffractome-
ter DMC [10] using / = 1.0862 Ä at the research reac-
tor Saphir of Paul Scherrer Institute (Villigen, Switzer-
land). The scattered radiation was detected by a 
multidetector covering a 2 0-range of 80° which was 
placed at two measuring positions with an overlap of 
about 26°. Thus the total 2 0-range was 134°. 

Neutron diffraction with the a-Co10Ni40Ta50-spec-
imen (4.23 grams) was done with the two axes diffrac-

tometer 7 C 2 using A = 0.699 Ä at the hot source of the 
research reactor Orphee (Saclay, France). The detec-
tion also was done using a multidetector covering a 
2 0-range of 128°. 

The experimentally obtained intensity curves were 
corrected for absorption [11], multiple scattering [12], 
inelastic scattering [13], and then normalized to S(Q) 
[9]. 

3.3.3. Combination of X-ray- and 
Neutron Data 

To eliminate the influence of rounding errors during 
the calculation of the partial structure factors it 
proved to be commendable to apply the method of 
iterative refinement [14]. For the explanation of this 
method we start with the equation 

SiJQ) = MQ)-Spart(Q) (5) 

with 

Stot(Q) = vector presentation of the total structure 
factors. 

A (Q) = matrix containing the weighting factors 
from (2), (3). The matrix becomes Q-depen-
dent since the scattering lengths for X-rays 
are ^-dependent. 

'Span (Q) = vector presentation of the partial structure 
factors. 

Inversion of (5) yields 

Spari(Q)^A-i(Q)Stot(Q). (6) 

In the ideal case 

•Stotlö) —A{Q)- 5parl = 0 (7) 

should hold. In reality, however, a residual R(Q) due 
to rounding errors for the total structure factor re-
mains instead of zero: 

Stot(Q)-A(Q) • 5 ( i _ 1 ) p a r t = Ä i ( ö ) . (8) 

According to (6) the residual P^Q) for the partial struc-
ture factors follows as 

Pi(Q) = A~1(Q)Ri(Q). (9) 

Following (10), the partial structure factors are refined 
by the recursion 

part = ^(i — 1) part + • (10) 
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4. Results and Discussion 

4.1. Reciprocal Space 

Figure 2 shows the total structure factors for 
a-Ni50Ta50 as obtained with X-rays (lower curve) as 
well as with neutrons. The curves are rather similar 
with a pronounced first maximum and a splitted up 
second maximum, which is followed by a third and 
fourth maximum. The maxima in the middle curve, 
especially also in the upper curve are shifted to higher 
Q-values compared with the lower curve. This can be 
explained by the fact that with neutrons the element 
Ni with its smaller atomic diameter has the larger 
scattering length, whereas with X-rays Ta is the stronger 
scatterer. 

Figure 3 shows the three partial Faber-Ziman 
structure factors as obtained from Fig. 2 using the 
method of iterative refinement (see Chapter 3.3.3). 

The Ta-Ta-curve shows the lowest noise, followed 
by the Ni-Ta curve and, with the largest noise, the 
Ni-Ni curve. With all three curves the main peak is 
followed by a double peak (second maximum) as well 
as a third and fourth maximum. At about 1.6 Ä"1 we 
observe in the Ni-Ni curve a prepeak which indicates 
compound formation. 

In Figure 4 we present the partial Bhatia-Thornton 
structure factors for a-Ni50Ta50. They were calculated 
from the experimental SBT(Ö) via (3) using the method 
of iterative refinement. The SNN (Q)-curve is caused by 
the topological arrangement of the atoms indepen-
dent from the atomic species. The Scc(Q)-curve is de-
termined by the distribution of the atoms of different 
kinds within the amorphous Ni50Ta50-specimen. Its 
pronounced oscillations are a hint on strong chemical 
ordering effects. This follows also from the prepeak at 
1.6 Ä"1 which occurred in SNiNi(Q) (see Figure 3). 

Oscillations in the SNC-curve are caused by differ-
ences of the atomic volumes of both components. This 
curve shows the usual behaviour. 

4.2. Real Space 

4.2.1. Faber-Ziman Pair Correlat ion 
Functions 

4.2.1.1. Atomic Distances and Partial Coordination 
Numbers 

Figure 5 shows the Faber-Ziman partial pair corre-
lation functions which follow from the partial struc-
ture factors in Figure 3. The GNiNi(R)- and GTaXa (R)-
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Fig. 2. Amorphous Ni5 0Ta5 0 and amorphous Co 1 0Ni 4 0Ta 5 0 ; 
total Faber-Ziman structure factors; X-rays (x) and neutrons 
(n). 
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Fig. 3. Amorphous Ni5 0Ta5 0 ; partial Faber-Ziman structure 
factors. 
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Fig. 4. Amorphous Ni5 0Ta5 0 ; partial Bhatia-Thornton struc-
ture factors. 

curves are very similar. The maxima below 2 Ä and at 
3.5 Ä could be identified as caused by the truncation 
effect, i.e. they are not physically relevant. The 
GNiTa(R)-curve is also similar to the GNiNi(R)- and 
GTaTa(R)-curve. 

Table 1 shows the atomic distances and partial 
coordination numbers. During the calculation of the 
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Fig. 5. Amorphous Ni 5 0 Ta 5 0 ; partial Faber-Ziman pair cor-
relation functions. 

Table 1. Amorphous Ni 5 0 Ta 5 0 ; atomic distances and partial 
coordination numbers as well as atomic diameters Datomic 
[15]. 

H Ru [Ä] "tj ^atomic iA] 

N i - N i 2.82 4.9 2.48 
T a - T a 2.91 8.2 2.98 
N i - T a 2.44 6.0 2.73 
T a - N i 2.44 6.0 2.73 

Table 2. R/Ru from G; of a-Ni 5 0Ta 5 0 (this paper); a-Ni 4 0Ti 6 0 
[18]; model [17]. 

^NiTa 1.00 1.66 2.05 2.58 2.97 3.50 
1.00 1 1.93 2.40 3.11 3.31 

^NiNi 1.00 1.64 2.00 2.46 2.91 3.26 3.49 

model 1.00 1.65 1.99 2.49 2.97 3.38 

^NiTi 1.00 1.74 1.91 2.61 2.92 3.57 
^TiTi 1.00 1.56 1.81 2.39 2.74 3.20 
^NiNi 1.00 1.64 1.94 2.63 2.97 3.45 

ment shows furthermore that the Ni-Ni-distance is 
enlarged up to 2.82 Ä, i.e. the Ni-atoms do not occur 
in close contact. 

4.2.1.2. Structural Unit 

In order to develop a structural unit for amorphous 
Ni50Ta50 the following facts must be taken into con-
sideration: First, the premaximum in SNiNi demands a 
Ni-Ni-distance which is enlarged by insertion of Ta-
atoms. Second, the shortest experimental distances be-
tween Ni-Ta and Ta-Ta must occur in the structural 
unit. 

In the present case an octahedron with four Ta-
atoms at the four corners of the square which is capped 
by two Ni-atoms corresponds well with the measured 
distances. If the distance between the Ta-Ta pairs is 
designed with a, the distance between the Ni-pair with 
2 b, and the Ni-Ta distance with x, then 

x = (11) 

Using the distances a = 2.91 Ä and £> = 1.41 Ä from 
Table 1 we obtain from (11) the calculated value 
xcalc = 2.49, which corresponds well to the experimen-
tal value x = 2.44 Ä. 

In [16] we will present an improved structural unit 
for the present case of a-Ni50Ta50. 

On the other hand, in Table 2 we have compiled in 
the upper part for a-Ni50Ta50 the positions of the 
maxima in GTJ (R) after normalization to the position 
RTJ of the first maximum. The table also contains the 
normalized positions as obtained in [17] for a tetrahe-
dral close packing model. The comparison shows that 
this model describes the maxima positions of all three 
partial functions rather well. 

fyj the hump at 3.48 Ä mentioned above was dis-
regarded. 

For the density of a-Ni50Ta50 the calculated value 
13.75 gem - 3 was used. The total number of atoms 
surrounding one Ni-atom amounts to 10.9 and for Ta 
as center-atom to 14.2. 

The experimental Ni-Ta distance of 2.44 Ä is 
smaller than the sum of the atomic radii of Ni and Ta, 
which means strong Ni-Ta-binding. The experimen-
tal Ta-Ta distance of 2.91 Ä corresponds well to the 
metallic bound Ta-Ta-distance of 2.98 Ä. The experi-

4.2.2. Bhat ia-Thornton Part ial Pair 
Correlat ion Functions 

Figure 6 shows the Bhatia-Thornton partial func-
tions G N N ( R ) , GCC(R), and G N C (R) . GNN{R) shows a so 
called normal run with a pronounced main peak, 
which is followed by a split up second peak, etc. 

The oscillations of GCC(R) point to a distinct chem-
ical ordering effect. 

According to (4) maxima in GCC(R) mean GX X + G 2 2 

> 2 G 1 2 and minima in GCC(R) mean 2 G 1 2 > G N 

+ G22. Starting at R = 2K, in the smallest coordina-
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Fig. 6. Amorphous Ni 5 0Ta 5 0 ; partial Bhatia-Thornton pair 
correlation functions. 

Table 3. Amorphous Ni5 0Ta5 0 . Bhatia-Thornton partial 
functions. Positions of maxima and minima. 

G N N W Rmax [Ä] 2.57 4.50 5.15 6.75 9.0 

Gcc(R) R m a x 
Rmin [Ä] 

2.89 4.63 5.56 7.08 7.59 
2.44 3.99 6.30 8.44 

G N C W Rmzx [Ä] 2.57 4.50 5.21 6.69 9.0 

Rij [Ä] Nu 

Ni--Ni 2.63 2.27 
T i - Ti 3.01 8.05 
Ni--Ti 2.60 7.91 

H Rij [Ä] Nu 

Ni--Ni 2.52 5.3 
Ta--Ta 3.06 6.4 
Ni--Ta 2.78 6.2 
Ta--Ni 2.78 7.6 

Table 4. Amorphous 
Ni 4 0Ti 6 0 ; atomic dis-
tances and partial coor-
dination numbers [18]. 

Table 5. Amorphous 
Ni 5 5Ta 4 5 ; atomic dis-
tances and partial coor-
dination numbers [19]. 

tion sphere the unlike pairs are dominant whereas in 
the second sphere with radius R = 2.89 Ä the pairs of 
equal atoms prevail. 

The GNC(R)-function is determined by the difference 
between the atomic volumes and shows the usual be-
haviour. 

Table 3 contains the positions of the maxima in 
GNN(R) as well as GNC(R) and of the maxima and 
minima in GCC(R). 

4.2.3. Amorphous Ni50Ta50 and 
Amorphous Ni40Ti60 

The elements Ti and Ta are chemically rather simi-
lar. The difference of the electronegativities amounts 
to 0.1 for Ni-Ti and 0.1 for Ni-Ta. The covalent 
radius amounts to 1.32 Ä for Ti and 1.34 Ä for Ta, the 
atomic radius to 1.47 Ä for Ti and 1.49 Ä for Ta. In 
[18] the partial pair correlation functions were evalu-
ated for a-Ni40Ti60 using the method of isotopic sub-
stitution. Table 4 contains the atomic distances and 
partial coordination numbers for amorphous Ni40Ti60 
[18]. The comparison with Table 1 shows that RNITI 

is the shortest distance in a-Ni40Ti60 as RNiTa in 
a-Ni50Ta50. 

The partial coordination number NNiNi is rather 
small compared with 4.9 (Table 1) for a-Ni50Ta50. But 
the GNiNi(R)-curve shows a very strong second maxi-
mum at /?NiNi = 4.16 Ä. Using this Ni-Ni-distance 
together with RTiTi from Table 4, we obtain, using (11), 
for the distance RNLTI = 2.97 Ä. This distance is too 
large. In the case of a-Ni40Ti60 a triangular double 
pyramid yields i?NiTi calc =2.71 Ä which is in good 
agreement with the experimental value in Table 4. 

In Table 2 we find the normalized distances from 
GNiNi, GTiTi, and GNiTi in comparison to the tetra-
hedral close packing model, and we state that also for 
a-Ni40Ti60 all values agree quite well. 

4.2.4. Amorphous Ni55Ta45 

In [19] three partial functions were evaluated from 
one neutron- and one X-ray diffraction experiment 
with meltspun a-Ni55Ta45 as well as one neutron dif-
fraction experiment with meltspun a-Ni62Ta38. The 
condition number for this combination amounts to 
0.06. 

In Table 5 the corresponding atomic distances and 
partial coordination numbers are listed. 

From Table 5 we learn that according to [19] for 
a-Ni55Ta45 not the Ni-Ta-distance but the Ni-Ni-
distance is the shortest. The discrepancy between [19] 
and the present paper cannot be explained by the fact 
that in the present paper splat cooled samples were 
used whereas in [19] meltspun samples were under 
investigation. Also the different alloy compositions, 
namely Ni55Ta45 in [19] compared with Ni50Ta50 in 
the present paper cannot explain the discrepancies. 
Thus there is a call for precise neutron diffraction 
experiments with a-Ni50Ta50 using the method of iso-
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topic substitution. With the results of such measure-
ments one will be able to decide whether the method 
of isomorphous substitution as applied here with a 
condition number of 3%, or the method of concentra-
tion variation with a condition number of 6%, as 
applied in [19], is more reliable. At this moment we 
can only state that despite the very good experimental 
total structure factors the rather ill-conditioned sys-
tems of linear equations in the present paper or in [19], 
respectively, supply us with very contradictory results. 

5. Conclusion 

Using the splat cooling method with levitation melt-
ing in vacuum, amorphous Ni50Ta50 as well as amor-
phous Co10Ni40Ta50 was produced. Each of the spec-
imens was investigated by neutron diffraction and the 
a-Ni50Ta50 furthermore by X-ray diffraction. The sys-
tem of three linear equations for the calculation of the 
three partial structure factors from the total structure 
factors has a condition number of 3%. During the 
evaluation of the data the method of iterative refine-
ment was applied. The Bhatia and Thornton partial 
Scc((2)-structure factor indicates rather strong com-
pound formation in a-Ni50Ta50. The partial Ni-Ni 

structure factor shows a prepeak which is a hint on 
chemical ordering effects. The shortest Ni-Ni dis-
tance is 2.82 Ä. The distance between unequal pairs 
amounts to 2.44 Ä and is shorter than the mentioned 
Ni-Ni distance or the Ta-Ta-distance of 2.91 Ä. 
Those three distances describe rather well a square 
double pyramid. The normalized positions of maxima 
of GNiNi(R), GTaTa(R), and GNiTa(R) correspond to 
those given by the tetrahedral close packing model of 
Takeuchi. The better model also applies to a-Ni40Ti60. 
The structural unit of this alloy is a triangular double 
pyramid and in so far different from the square double 
pyramid of a-Ni50Ta50. 

We discuss the present data also together with the 
literature data for meltspun a-Ni55Ta45 and recognize 
strong contradictions since with a-Ni55Ta45 not the 
distance between Ni-Ta- pairs (2.78 Ä) is the shortest 
but the Ni-Ni-distance (2.52 Ä). The consequence is 
that with a-Ni50Ta50 neutron diffraction experiments 
using the method of isotopic substitution should be 
done for final clarification. 
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