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Amorphous and quasicrystalline samples of Alg,Mn, ¢ and Alg,V, ¢ were produced by sputtering
and melt-spinning, respectively. From X-ray and neutron-diffraction-results the total structure
factors were evaluated. For amorphous as well as for quasicrystalline Alg,V, ; the partial S,, ;- and
SaLv-structure factors were obtained, which yield the corresponding partial pair correlation func-
tions, the atomic distances, and the partial coordination numbers. Also some information concern-
ing the partial Bhatia-Thornton correlation functions could be obtained.

Both the amorphous and the quasicrystalline Al-V-alloys show a linear expansion by a factor
of 1.03 compared to the corresponding Al-Mn-alloy. The two amorphous alloys can be designed as
isomorphous, whereas the quasicrystalline ones show pronounced deviations in the distance be-
tween unequal atoms. The shortest atomic distance in amorphous Alg,V,, is 2.69 A, being formed
by Al-V-pairs with a coordination number 2. The nearest Al-Al-distance amounts to 2.84 A with a
coordination number 8. The partial density-concentration correlation function clearly deviates from
the hard sphere model.

With the quasicrystalline specimens, the isomorphous substitution of Mn- and V-atoms is not
perfect. The Al-V-correlation is split up, and this is not observed for the Al-Mn-correlation.
Comparison of the amorphous and the corresponding quasicrystalline alloy shows some similarities.

1. Introduction with the weighting factors

As discussed in a recent paper [1], quasicrystalline b2 c2b2
Alg¢M, .- and Alg,V,¢-alloys can be transformed by WA (Q) = B2’ wpp(Q) = By’
electron irradiation into amorphous alloys. During ) b b
this transition the alloys “avoid” the crystalline state. w,p(0) = LZAB;
This can be interpreted as an indication for a special <b>
structural relationship between the quasicrystalline Q =(47n/4)sin® = modulus of the scatter-
and the amorphous phase. In the present work we ing vector
used the method of isomorphous substitution to de- 20 = scattering angle,
termine partial structure factors, partial correlation i = wavelength
functions, atomic distances, and partial coordination (b> =cuby + cgbg,
numbers and to compare the two states in both sys- (b?> = cob2 + cy b2,
tems. ¢; = atomic fraction of component i,

b; = scattering length of component i.

2. Theoretical fundamentals SBT = wn(Q) San(Q) + 0ec(Q) Scc(Q)

In the present paper we use the Faber Ziman [2] - + one(Q) Snc(Q) 2

as well as the Bhatig Thornton [3] - formalism. The  yth the weighting factors
experimentally obtained total structure factors S¥Z

and ST can be represented in terms of three partial _<b? _16 (4b)?
structure factors: onn(Q) = b2y’ 0cc(Q) By
SF% = w5 (Q) Saa(Q) + wpp(Q) Spp(Q) onc(Q) =2 <b> 4b
+ 055(Q) Sps(Q) (1) b*)

with 4b = |b,—bg]| .
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total structure factor whereas the partial functions
Snn» Sce», and Sy describe the contributions of the
topological arrangement, of the chemical arrange-
ment, and the correlation between topological and
chemical arrangement to the total structure factor,
respectively.

The total structure factor is transformed to the total
pair correlation function G(R), which describes the
pair correlations in real space, by

G(R) =4mgoR[g(R)—1]
2 x
== g Q[S(Q)—1]sin(QR) dQ )

with

Q9o = mean atomic number density,
g(R) = pair distribution function = (¢(R)/g,),
0(R) = local atomic number density.

The partial pair correlation functions are obtained
from the partial structure factors by relations accord-
ing to (3).

The apparent total number Z,, (R, R,) of atoms in
a shell between R, and R, follows from

R>
Z(Ry, Rz)=47r90‘§ Rzg(R) dR. 4)

Correspondingly, the partial coordination numbers
Z,; follow from the partial c;g;;(R). The relation be-
tween the Faber Ziman total and partial coordination
numbers is given by

cgbi

RO

cabi
Z=—"—2
tot <b>2

Cabsby

Zgg+2 —<b>2

Zyg- 0

The partial coordination numbers finally yield the
Warren Cowley chemical short range order parameter
o [4, 5],

Zin—Zcy

A ©)

with
Z o = number of A-atoms around an A-atom,

Z = average coordination number.

For total segregation o« amounts to + 1, for statistical
distribution of the atoms of both kinds « is zero, and
for total compound formation « amounts to —c,/cg if
cy Ly
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3. Experimental
3.1. Specimen preparation
3.1.1. Quasicrystalline material

From the starting materials aluminium (<99.9%)),
manganese (99.97%), and vanadium (99.7%) the cor-
responding alloys were melted by induction melting
under argon atmosphere and cast into Al,O; (Al-Mn-
alloy)- and MgO (Al-V-alloy)-crucibles. Melt-spin-
ning was also done under argon atmosphere using a
forged Cu-Cr-Zr-cylinder for the Alg,Mn, ¢ and a
quartz-cylinder for the Alg,V,¢-specimen, respec-
tively. The quasicrystalline meltspun specimens were
rather brittle and therefore formed no continuous rib-
bons but only pieces about 2.5 cm long, 4.5-7 mm
wide and 20-40 um thick. TEM-investigations
showed the usual two-phase morphology with quasi-
crystalline grains being embedded in a second phase
which in all cases proved to be fcc-Al.

3.1.2. Amorphous material

Since melt-spinning yielded no amorphous Al-Mn-
or Al-V-alloys, RF-sputtering under argon atmo-
sphere was used to produce amorphous Alg,Mn,-
and Alg,V,¢-specimens. The substrate temperature
was room temperature in the first case and liquid
nitrogen temperature in the second. As substrate ma-
terial we chose mylar foil for the X-ray diffraction
specimens and Al-foil for the neutron-diffraction spec-
imens. From the Al-foil the amorphous layer could be
exfoliated.

3.2. X-ray diffraction
3.2.1. Experimental

The X-ray diffraction experiments according to the
angular dispersive technique were performed in trans-
mission mode using a computer-controlled @-20O-
goniometer (D500, Siemens) with Mo-Ka-radiation.

3.2.2. Evaluation procedure

For the densities of the materials investigated we
used the values calculated for the case of ideal mixing.
For the details of the correction for absorption, polar-
ization and Compton scattering we refer to [6] and [7],
e.g. The scattering lengths were taken from [8] and
corrected for anomalous dispersion [9]. According to
[4] the correction for multiple scattering was dropped.
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The structure factor S(Q) was obtained from the inten-
sity by normalization according to [10].

The contribution of the structure factor of Al had to
be subtracted from the structure factors of the quasi-
crystalline samples Alg,Mn,, and Alg,V,,, respec-
tively. The quantitative evaluation [11] yielded a share
of fcc-Al-phase of about 14% in the first and about
20% in the latter case. Thus the compositions of the
quasicrystalline phases are Alg;Mn;, and AlgyV,,,
respectively, which will be used in the following.

3.3. Neutron diffraction

3.3.1. Experimental

The neutron diffraction experiments were carried
out in transmission mode using the D20 multidetector
instrument (ILL, Grenoble) with the wavelength
0.88 A for the amorphous alloys (0.7A°'<Q
<13.9 A~'). The quasicrystalline alloys were investi-
gated using 24 A (Q<5A7Y), 094A (Q<13A°Y),
and 0.88 A. Typically 2.5 g of the powdered specimens
were filled into cylindrical vanadium containers with
an outer diameter of 7mm and a wall thickness of
0.1 mm. Only for the amorphous Alg,V,¢-specimen a
container with an outer diameter of 4 mm and a wall
thickness of 12.7 um was used.

3.3.2. Evaluation procedure

The background and absorption corrections were
done according to [12]. Scattering- and absorption
cross sections were taken from [13]. In the case of
amorphous Alg, V¢, the run of the corrected intensity
curve showed, with increasing Q, a bending down
which was much stronger than one could expect from
the usual inelastic scattering effect. This could be as-
cribed to the incoherent scattering contribution of a
2.4% hydrogen contamination of the specimen [11].

The subsequent correction for multiple scattering
was done according to [14].

The separation of the scattering contribution of fcc
Al from the intensity pattern of the quasicrystalline
substances was done in a similar way as described in
chapter 3.2.2 [11].

4. Results and discussion

4.1. Amorphous alloys
4.1.1. Structure factors

Figure 1 shows the total Faber Ziman structure fac-
tors as obtained by using X-rays with amorphous
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Fig. 1. S, (Q); top curve: amorphous Alg,V,¢, neutron dif-
fraction, middle curve: amorphous Alg,V,,, X-ray diffrac-
tion, bottom curve: amorphous Alg,Mn, ¢, X-ray diffraction.

Alg,V,¢ and Alg,Mn,, respectively and as obtained
by using neutrons with amorphous Alg,V, . The pre-
peak at Q~ 1.6 A~1 indicates a tendency to com-
pound formation in the two alloys [15]. Amorphous
Al,,Mn,,Sig, which was also produced by sputtering,
shows a nearly identical run of the structure factor
[16]. For the X-ray Alg,V,¢-structure factor in Fig. 1
we observe the maxima positions to lie at smaller
Q-values, corresponding to larger atomic distances
compared to those of Alg,Mn,¢. Since the X-ray-scat-
tering lengths of V and Mn are nearly the same, by
combination of the X-ray-results in Fig. 1 no further
information about partial functions can be expected.
This is the case, however, if we combine the X-ray- and
the neutron-total structure factors Sy, and S, for
which stands:

Sl)sl = 056 SAI-Al + 006 SV-V
Sty =1.04 S,

+ 0388y, (7)
—0048,.y. (8

The X-ray weighting factors in the upper equation are
given at Q =0.

According to (8), the SN -curve in Fig. 1 (upper curve)
can practically be regarded as the partial structure
factor Su;.a:(Q)



630

The combination of both equations yields the par-
tial Al-V-structure factor S,,v(Q):

SaLy = 2.49(SX, — 0.54 SN, — 0.06 Sy _y), )

Neglecting the Sy_y-contribution we thus obtain the
run of S,y [11] with an uncertainty of about 12% in
the region of smaller Q-values.

41.2. Faber Ziman total and partial pair
correlation functions

Figure 2 shows the total pair correlation function
as obtained by X-ray diffraction with amorphous
Alg,Mn,¢ in comparison with the corresponding
curve of icosahedral Alg,Mn,,.

The same comparison is made in Fig. 3 for the case
of amorphous Alg,V, and icosahedral Alg,V,,, as
well as for the corresponding partial pair correlation
functions G4, and G,y -

Table 1 contains the positions of the maxima in the
total pair correlation functions and the corresponding
coordination numbers as obtained with amorphous
Alg,Mn,¢ from X-ray diffraction and as obtained
with amorphous Alg,V,¢ from X-ray diffraction, neu-
tron diffraction, and electron diffraction [1].

The coordination numbers were obtained by the
usual GauB-fitting procedure to the peaks in the g(R)-
functions.

Looking at the Alg,V,¢-data, the main maximum
obtained with neutrons lies at the higher R-value of
2.84 A compared with R =2.75A for X-rays. This
value corresponds to the Goldschmidt-diameter of Al
(2.86 A) and thus can be identified as Al-Al distance in
amorphous Alg,V,,. Note that the neutron result is
mainly determined by the Al-Al-contribution (8).

The alloy investigated by electrons was obtained
from quasicrystalline material by electron bombard-
ment. The results show that this procedure as well as
sputtering is a way of producing amorphous material,
the distances being smaller in the latter case by about
3-5%.

Regarding the R-value of the first maximum ob-
tained with electrons and X-rays we state that the
larger value obtained with electrons cannot be ex-
plained only by the larger electron scattering power of
Al also a structural expansion during the preparation
of the electron specimen must have occured. The co-
incidence between the maximum positions of 2.84 A as
obtained with electron- and neutron-diffraction is
supposed to be accidental.
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Fig. 2. G, (R); X-ray diffraction; (—) icosahedral Alg; Mn, 4,
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Fig. 3. Icosahedral Alg,V,, (—)and amorphous Alg,V ¢ (---); °
top curve: Total function G, (R), X-ray diffraction, middle
curve: Partial function G,,_,,(R), neutron diffraction, bottom
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Table 1. Distances and coordination numbers of the first
four coordination spheres from the G, (R)-curves obtained

with amorphous Alg,Mn, ¢ and amorphous Alg,V,,.

Alloy Radiation; Number R Coordi-
Function of maxi- [A] nation
mum number
Alg,Mn,¢  X-rays 1 2.68 9.8
G,.(R) 2A 4.64 } 15.8
2B ~5.33 .
3 6.82 52.8
4 9.03 ~116
Alg, Ve X-rays 1 2.75 10.3
G (R) 2A 4.66 18.5
2B ~5.27 20.9
3 6.99 84
4 9.32 ~140
electrons 1 2.84 ~12
[1] 2A 4.86
2B 5.54
3 7.16
4 8.46
RAl-Al ZAl-Al
neutrons 1 2.84 79
G (R)= 2A 4.70 12.2
Gaal(R) 2B 5.30 21.0
3 7.14 48.7
4 9.31 71

Table 2. Amorphous Alg,V,4; Ga,v(R); peak positions and
partial coordination numbers Z,, .

Number of R-value Coordination number
maximum Al Zarv

1 2.69 1.8

2A 4.61 0.5

2B 5.0 6.1

3A 6.87 1.9

3B 7.25 11.2

As indicated in Table 1, the total pair correlation
function obtained with neutrons at the same time
stands for G,,_,,(R). The partial function G,,_y (R) fol-
lows by Fourier-transformation from the partial func-
tion S,,.v(Q) and is presented in Figure 3.

Table 2 contains the Al-V distances and the number
of V-atoms around a central Al-atom as obtained
from G,,_v(R).

According to Table 2, 1.8 V-atoms surround each
Al-atom at a distance of 2.69 A. This distance is
smaller than the sum of the Al- and V-Goldschmidt-
radii which amounts to 2.74 A. However, the covalent
radii, namely 1.47 A for Al and 1.22 A for V, exactly
yield 2.69 A.
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Fig. 4. X-ray diffraction; (—) G,,,(R) for amorphous Alg,V,,
(---) G\, (R) for amorphous Alg,Mn ¢, rescaled in direction R
by a factor of 1.03.

We state that the first sphere around an Al-atom
contains 20% V- and 80% Al-contribution.

The second sphere around an Al-atom contains
about 83% Al at two distinct distances, namely 12 Al-
atoms at 4.70 A and 21 Al-atoms at 5.3 A. Further-
more, the second sphere around an Al-atom contains
0.5 V-atoms at the distance 4.61 A and 6 V-atoms at
the distance 5 A.

Also in the third coordination sphere around an
Al-atom we observe a splitting up into three sub-
spheres which contain 2 V-atoms (6.87 A), 11 V-atoms
(7.25 A), and 49 Al-atoms (7.14 A), respectively.

Adding the partial coordination numbers Z,, 4,
and Z,, v and using the X-ray weighting factors ac-
cording to (5) yields a total coordination number of
9.54 atoms in the first sphere and of 37.9 atoms in the
second sphere. The X-ray measurement yielded 10.3
and 39.4 atoms, respectively.

41.3. Comparison between amorphous
Alg,V,¢ and amorphous Alg,Mn,,

Figure 4 shows the run of G,,(R) in the range
2A <R <10A for amorphous Alg,V, and amor-
phous Alg,Mn . In the plot the latter curve is scaled
in R-direction by a factor 1.03. By this procedure both
curves become rather congruent. There is only a slight
difference in the run of the second maximum where
a-Alg,Mn,, shows only a shoulder instead of a dis-
tinct subpeak as observed with a-Alg,V,¢. Both spec-



632

imens therefore are not in a perfect way isomorphous.
Apparently the atomic arrangement in Al-Mn is less
strictly defined than in Al-V.

41.4. Bhatia Thornton partial pair
correlation functions

Since amorphous Alg,V, ¢ contains only 16% V we
can assume that direct V-V contacts only exist in a
negligible quantity, which means that in the range of
the first maximum of G(R) the run of Gy_y(R) can be
described by —47m Rg,,. According to [3] the relation-
ships between the Faber Ziman and the Bhatia Thorn-
ton partial correlation functions are

Gnn = CZ1Garar + €3 Gy.y + 2¢46y Gary, (10)

Gee = CarCy(Garar + Gyy — 2Gyy), (11)
Gne = carty[cai(Garai — Gary)
—¢y(Gy.y — Gay)] - (12)

For amorphous Alg,V,e, Fig. 5 shows the partial
Bhatia Thornton correlation functions calculated
from G4y, and G,,y, using Gy_y = —47 Rg,.

G (R) describes the variations of the local atomic
number density along R independently of the atomic
species. Normally the component with the largest con-
centration, in this case Al, determines the run of
Gan(R).

Gcc(R) describes the variations of the concentration
along R. For combinations of atoms of unequal spe-
cies Gc is negative (see (11)). Goc(R) shows a mini-
mum at 2.65 A, 1.e. there are Al-V-correlations at this
distance, which agrees well with the Al-V-distance of
269 A as determined from the G,y partial Faber
Ziman function.

Gne(R) represents the density-concentration-corre-
lations and depends on the difference of the diameters
of the two species. Since the diameters of Al and V are
2.86 A and 2.26 A, respectively, Gyc as shown in Fig. 5
differs from zero. In the same figure, there is also
shown the result of a calculation for a hard sphere
model of Gyc according to [17]. The much weaker
oscillations in the experimental Gy show that the two
species do not behave as hard spheres in the amor-
phous alloy.

41.5. Chemical shortrange order parameter

From the partial coordination numbers in Tables 1
and 2 we obtain, according to (6), the Warren Cowley
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Fig. 5. Amorphous Alg,V,; Partial Bhatia Thornton corre-
lation functions: top curve: Gyy (R), middle curve: Gyc(R) (---)
calculated from model, bottom curve: G (R).

short range order parameter with respect to a central
Al-atom for amorphous Alg,V,,:

79-084-97

=—0.16. 1
0.16 - 9.7 (13)

This means a distinct tendency for compound forma-
tion (note that o, = — cy/ca, = —0.19).

According to [18] the Warren Cowley chemical
short range order parameter also follows from the
Bhatia Thornton partial pair correlation functions ac-
cording to

Ry
| RGee(R)dR
a=pg = (14)
T (R-Gu(R) + 47 R?00) dR

The integration limits R, and R, correspond to the
limitation of the first coordination sphere in Gyn(R),
namely R, =2.3A and R, = 3.2 A. With ¢, = 0062 A3



S. Seehafer et al. - X-ray- and Neutron-diffraction Studies

633

Table 3. Comparison of X-ray- and neutron-diffraction data with icosahedral phases in Al-Mn- and Al-V-alloys. The data
for AlggMn,, and AlgsMn,,Si, stem from literature, the data for Alg,Mn, 4 and Alg,V,, are from the present work. I, are
relative intensities. (—) means not observed or no data available.

rel

Indices [19] X-ray data Neutron data

AlggMn,, [19]  Alg;Mn,, AlgoVso AlggMn , [20]  Alg,Si;Mny, [21] Alg;Mn,, AlgoVyo

QA I, QA I, QA L, QAN I, QA I, QA7 I, QIATY I,
(110001) and  1.632 22 1616 23 1.57 9 1630 100 1.628 100 1.647 79 1.58 X7
(321112)
(111010) 1.876 8 186 12 - - 1.884 56 1875 77 1.899 89 - -
(221020) 2.00 - - - = = = - 2027 1 1.028 20 - -
(311111) 2.20 15 = S = = - 2306 2 2.19 12 - -
(see text) - - - - - - 2.396 19 - - 2.401 42 - -
(217001) and  2.49 3 - - - - 2.486 81 2.49 72 2.486 38 2.41 19
(331021)
(441031) and - = = - = - - - 2588 1 2.594 30 - =
(430022)
(211701) 2.64 - - - = = = - 2651 17 2656 100 2.569 36
(220112) - - 278 9 - = = - 2853 2 2.776 2 - -
(100000) and  2.896 100  2.894 55 2.807 85 2.900 50  2.893 26 2.905 30 2.824 80
(321002)
(110000) 3.043 78 3032 100 2945 100  3.038 34 3.038 36 3.031 47 2958 100
(220002) and ~ 3.42 y S - - - 3.286 12 3243 22 3.296 30 - -
(221171)
(111101) 3.44 - - - - ~ 3458 27 3.499 22 3.454 10 333 7
(210001) 3.576 1.5 - - = - 3.581 27 3.573 25 3.588 46 3.5 16
(320017) 3.63 - - - = = - 363 14 3.68 16 - -
(222022) = - - - - - - - 3.750 3 - - 3.68 5
(220001) 3.92 0.5 - - = - 3924 16 3.925 3 3.914 14 38 8
(111000) and ~ 4.200 1 42 15 4.07 7 4209 26 - = 4.219 20 - -
(330011)
(111100) 4.307 3 43 - - 4319 6 - - - - - -
(211010) 4.60 0.5 - - = - 4607 52 ~ - 4.679 54 - -
(320002) - - - = = - 4765 23 = = 4.776 57 - -
(101001) 4.928 20 4929 4 4781 35 4932 % = = 4.942 4 4798 55
(422002) 4.99 0.5 - - = - 499 5 = - - - 4932 45
(210000) and ~ 5.32 — = — = = = = = = - - x5.02 25
(217000)
(211171) 5.51 1t - - - - - - -
(110010) 5.708 5 57 13 55 13 - = = } S } o
(200000) and  5.79 7 58 20 - - - - - - - - - =
(111700)
we obtain a = —0.2, which, within the experimental rather similar, however some peaks in the latter pat-

accuracy, is the maximum possible value for Alg, V.
Thus again, the tendency for compound formation is
confirmed for amorphous Alg, V.

4.2. Quasicrystalline alloys
4.2.1. Intensities and structure factors

The peaks of the icosahedral Alg,V,,- and
Alg,Mn, ,-alloys as obtained with X-ray and neutron-
diffraction are shown in Figs. 6 and 7, respectively.
The peak positions and intensities of the present data
and some relevant literature data are compiled in
Table 3. The X-ray diffraction patterns in Fig. 6 ob-
tained with Alg,Mn,, and Alg,V,,, respectively, are

tern are less pronounced.

The maxima obtained with icosahedral Al-V lie at
smaller Q-values (3%) than those of Al-Mn. This is in
good correspondence with the amorphous patterns.

The neutron data in Fig. 7 are clearly different from
the X-ray data in Figure 6. All peaks in Figs. 6 and 7
besides very few exceptions could be indexed accord-
ing to the method of Bancel et al. [19]. The quasilattice
constant amounts to 4.137 + 0.007 A for icosahedral
Al-Mn, which is in accordance with literature data.
For icosahedral Al-V we obtain 4.259 + 0.007 A, i.e. a
value which is by 3% larger. Besides the shift in the
peak positions the neutron data in Fig. 7 also show
strong differences in the peak intensities if we compare
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Fig. 6. Peaks of the icosahedral phase; X-ray diffraction; top
curve: Alg,V,o, bottom curve: Alg, Mn .
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Fig. 7. Peaks of the icosahedral phase; neutron diffraction;
top curve: Alg,V,,, bottom curve: Alg,Mn,.

Table 4. Q-positions

Peak Q(Al-Mn) Q(Al-V) of neutron diffrac-

No. A4 A1 tion peaks which do
not stem from the

1 1.01 - icosahedral phase.

2 1.28 1.27

3 1.42 -

4 1.82 1.82

5 - 1.89

6 2.40 2.40

the upper with the lower curve. The diffraction pattern
of icosahedral Alg,V,, in Fig. 7 stands for the partial
Al-Al structure factor since the weighting factors for
the Al-V- and V-V-contributions are very small
Those peaks, marked with numbers in Fig. 7 and
listed in Tab. 4, cannot be indexed as icosahedral re-
flexes.

Peak No. 6 was also found in [20] but could not be
indexed in that paper either. The peak positions of
Al-V in Table 4 are not shifted by 3%, which we con-
sider as a proof that they are not of icosahedral origin.

Figures 8 and 9 show the total Faber Ziman struc-
ture factors as obtained from X-ray- and neutron-dif-
fraction, respectively. The brutto formulas are those
which correspond to the real concentrations within
the icosahedral phases. The following equations stand
for the calculation of partial structure factors:

i-Alg;Mn ,:

Sx.=0.48 Sy a1 + 0.10 Sy v + 042 SpyMa s (15)
i-Alg,Mn4:

Smi=1.76 Sp1_a1 + 0.11 Sypvin — 0-87 Satmn » (16)
i-AlgyV,o:

Sx =0.48S,,.4, + 0098, v+ 0435, v, 17)
i-AlgyV,o:

SN = 1.06Sx,.u —0.06 Sy, - (18)

The weighting factors given in (15) and (17) for Q =0
are almost identical since the X-ray scattering lengths
of Mn and of V are nearly the same. Presuming iso-
morphous substitution between Mn and V, from (15),
(16), and (18) the partial structure factors Su;_a;, St.1»
and S,,.1(T=V, Mn) could be calculated in principle.
In any case, there is one deviation from ideal iso-
morphous substitution that has to be considered,
namely the shift of the Al-V X-ray curve by 3% with
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Fig. 8. Total Faber Ziman structure factors; X-ray diffrac-

tion; top curve: icosahedral Alg,V,,, bottom curve: icosa-
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Fig. 9. Total Faber Ziman structure factors; neutron diffrac-
tion; top curve: icosahedral Alg,V,,, bottom curve: icosa-
hedral Alg,Mn,,.

respect to the Al-Mn curve, as already noted above. In
calculating the partials this has been taken into ac-
count by re-scaling the Q-scale for S, (AlgoV,,) by the
factor 1.03 before combining (15), (16), and (18). Fig-
ure 10, lower curve, shows the resulting partial func-
tion S,,.1(Q).
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Fig. 10. Comparison of S,, v and S,, 1 (see text).

As a crosscheck of the presumption of isomorphous
substitution, S,,_y(Q) was directly calculated from the
Al-V data of (17) and (18) without using the Al-Mn
data. Hereby, however, Sy_y(Q) had to be neglected,
which thus might give rise to an additional error in the
order of 10%. Fig. 10, upper curve, shows the result-
ing S,,v(Q), whose Q-scale was multiplied by 1.03
before plotting. In the case of perfect substitution the
two curves in Fig. 10 should be the same. We note that
all the peaks belonging to S,y also occur in S,, 1 (Q).
On the other hand, the S,, (-curve shows appreciably
more peaks with positive and negative amplitudes.
From this we have to conclude that the isomorphous
substitution between V and Mn is not perfect.

422. Pair correlation functions

Figure 11 shows the total X-ray pair correlation
functions of i-Alg;Mn,4 and i-AlgyV,,. The corre-
sponding maxima positions and total coordination
numbers are compiled in Table S.

From the partial structure factors S,,,,(Q) and
Sav(Q), calculated from (17) and (18) as described
above, the partial correlation functions G,;_,,;(R) and
G A.v(R) were obtained and plotted in Figure 12. The
G.a1(R) function is practically given by the total neu-
tron G(R) function, as can be seen from (18).

The Al-V distances and coordination numbers are
listed in Table 5.

The total X-ray G (R) in Fig. 11 are quite similar,
however they differ in some details: In the upper curve,
which corresponds to i-AlgyV,o, maximum 2A is
lower and maximum 2 B higher than for i-Alg;Mn,,,
whereas the total coordination number in the second
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Table 5. Distances and coordination numbers of the first
four maxima in G, (R) for i-Alg;Mn, 4 and in G, (R) as well

=il P i
0 2 4 5 8 10 12 14 16 18

R [A]

Fig. 11. G, (R); X-ray diffraction; top curve: icosahedral
AlgyV,,, bottom curve: icosahedral Alg;Mn, 4.

n
o

sphere is about the same for both phases. With
i-AlgoV,, an additional distance 1B is observed,
which belongs to the Al-V-correlation, as can be seen
by comparison with the partial functions in Figure 12.
These differences again show that between i-Alg,V,,
and i-Alg;Mn,, no complete isomorphy exists.

From the partial coordination numbers Z,,_,, and
Z 4,y in Table 5 for the first sphere the short range
order parameter o = + 0.36 follows from (6) for the
i-Alg,V,, phase. This is in contrast to the amorphous
Alg,V,s-phase, where a is negative, as shown above.

In Table 6 we compare the mean atomic distances
and total coordination numbers as obtained from the
X-ray G(R) of i-Alg;Mn, 4 with the partial Al-Al val-
ues as obtained in [22] with i-Al,,SisMn, ;. G4,_5, Ob-
tained with i-Al,,SisMn,; shows a splitting up into
two maxima at 4.15 A and 4.62 A, whereas in the case
of i-Alg;Mn,, only one maximum at 4.63 A is ob-
served.

Assuming isomorphous behaviour of these two
phases we take Z, mns Zmamn> aDd Z,, 4, from
i-Al,,Mn,,Si5; [22] using the weighting factors
for i-Alg;Mn,, and then obtain Z,,=11.8 for

as in G,y for i-Alg,V,,.

Alloy Radiation;, Number R Coordi-
Function of maxi-  [A] nation
mum number
i-Alg;Mn,, X-rays; 1 2:.78 10.8
G (R) 2A 4.63 28.7
2B 5.58 15.2
3A 6.65 46.9
4A 7.96 52
4B 9.08 83
i-Algo Vs X-rays; 1 2.80 10.1
G, (R) 1B 3.88 44
2A 4.66 16.7
2B 5.38 249
3A 6.86 70
3B 7.52 70
4A 8.36 39.6
4B 9.40 90
RAl-Al ZAl-Al
neutrons; 1 2.81 10.2
G (R) 2A 445 12.8
=Gua(R) 2B 5.42 234
3A 6.96 43
3B 8.03 36
4B 9.28 83
- Ryrv Zpwy
Gy 1 2.82 1.5
1B 3.87 1.2
2A 4.74 5.4
2B 5.89 3.6
3A 6.82 Tl
3B 7.57 6.2
4A 8.48 8.7
4B 9.43 16.2

i-Al,,Mn,, Si5 which agrees fairly well with 10.8 from

Table 6.

From this it follows that the structure of the

i-Al,,Mn,, Sis-phase investigated in [22] seems to be
very similar to the structure of the i-Alg, Mn, 4-phase.

Within the first coordination sphere in Fig. 12
nearly identical Al-Al- and Al-V-distances occur at
2.81 A and 2.82 A. Thus the shortest atomic distance
between Al and V at 2.69 A as observed with amor-
phous Alg,V,¢ does not occur in i-Alg,V,,. This
means that between Al and V within the icosahedral
phase no direct contact occurs as is the case between
Al and Mn in i-AlgMn and i-Al,,Mn,, Sis according
to EXAFS investigations [23, 24] as well as to scatter-
ing experiments [22].

For i-Al,,Mn,,Sis in [22] Z,; », Was reported to
be 2.52 atoms. Here we find Z,,, =1.5 atoms. If
we add the 1.2 atoms belonging to the maximum 1B
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Fig. 13. Icosahedral Alg,V,,; Partial Bhatia Thornton cor-
relation functions.

Table 6. i-Al,;Mn,,Sis [22]: Ry, and Z,,_a; i-AlgMn,o:

mean atomic distances and Z,,.

i-Al,,Mn,,Si, [22] i-Alg;Mn, ,

[present paper]

RAI-AI Zm_m Mean atomic Zlol
[A] distances [A]

2.82 9.5 275 10.8
415 - -

462 } 16.3 4.63 287
5.45 20.1 5.58 152
6.72 6.96 6.65 469
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at 3.78 A, the accordance between i-Al-Mn(Si) and
i-AlgoV,, is rather good.

As in the amorphous alloys also in the icosahedral
alloys the distances obtained from the total G(R)-
functions are larger in the case of the Al-V-alloy than
in the case of the Al-Mn-alloy (with exception of dis-
tance 2 B).

In the i-Alg,V,,-alloy we find 47 Al-atoms and
12 V-atoms within a sphere of 6.08 A radius around
an Al-atom, corresponding to a stoichiometry Alg,V,,.
The resulting mean atomic number density amounts
to 0.0626 A‘3, which is in accordance with the value
0.0623 A“", calculated for the case of ideal mixing.

A comparison of the G(R)-functions in Figs. 2 and
3 as obtained with amorphous and icosahedral Al-T-
alloys (T = V, Mn) shows rather pronounced similari-
ties. For the Al-Mn-phases this was already concluded
from EXAFS-measurements [25]. Of course, as was to
be expected, the G (R) curves of the icosahedral phases
show more pronounced peaks than those of the amor-
phous phases.

The most obvious differences in the short range
order were observed between G,,_y(R) of the amor-
phous and the quasicrystalline Alg,V,,-phase (see
Figure 3): The latter shows the pronounced splitting
up of the first sphere as already discussed above.

As already done for the amorphous Al-V-phase, in
Fig. 13 we also present the Bhatia Thornton correla-
tion functions for the icosahedral Alg,V,,-phase, ob-
tained by using the assumption that the contribution
of gy.y is negligible within the range of the first coor-
dination sphere. The function Gyy(R) shows a pro-
nounced peak at 2.8 A caused by the Al-Al- and the
Al-V nearest neighbours in the icosahedral phase.
Gcc(R) shows a positive first maximum, which indi-
cates that the Al-Al contributions are larger than ex-
pected for the case of statistical distribution of Al and
V. This corresponds to the positive value of « as calcu-
lated above. Since the first Al-Al- as well as the first
Al-V-distance lie at the same position, the difference in
atomic diameters of the Al- and V-atoms in the icosa-
hedral phase plays no role and therefore Gyc(R) is
nearly zero. This is a distinct contrast to the amor-
phous phase.
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