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ABSTRACT -The main features of the charge density distribution in the hexagonal Laves phase FeBey
have been deduced from preliminary studies based on X-ray diffraction measurements carried out at room

temperature in one single crystal.

Thermal and positional parameters were obtained from a spherical refinement of high order data;

final agreement factors R=2.1% and R=2.5% were obtained. Difference density maps were calculated us-

ing these refined values. Finally the results are summarized and briefly discussed.

1-INTRODUCTION

The structure of Laves phase compounds
with stoichiometric composition AB, can
be described in terms of the stacking of
triangular nets of A and B atoms be-
tween Kagamé nets of B atoms. Different
possibilities for this stacking give rise to
distinct structural types, namely the
MgZn, (C14) and MgNi, (C36) hexago-
nal structures and the MgCu, (C15) cu-
bic structure. These have been first pro-
posed by Friauf [1] and Laves et al. [2]; a
review of crystal and band structures and
physical properties of Laves phases has
been given by Sinha [3].
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The size of constituent atoms has been
assumed to be determinant in the forma-
tion of Laves phase compounds; the ideal
ratio Rp/Rg corresponding to closest
packing is 1.225. However, several
Laves phases are known to exist with
values of Rpy/Rp ranging from 1.05 to
1.68.

Several authors [4,5] have suggested that
a close relationship also exists between
the crystallographic structure and the
electron concentration e/a. This assump-
tion is supported by the occurrence of
phase boundaries for the three types of
structure at the same values of e/a, for
several systems investigated.
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Electron densities in binary Laves phases
with  transition metals for which
Ra/Rp# 1.225 have been determined in
this Laboratory by X-ray diffraction. The
deviation of Rx/Rg from the ideal value
suggests changes in the valence of the
constituent atoms, which should be de-
tectable in careful electron distribution
studies.

The presence of two transition elements
with rather similar atomic numbers in the
Laves phases investigated, TiCo, [6],
TiMn, [7] and TiFe, [7] is, in a way, an

unfavourable situation when investigating

eventual departures from spherical
symmetry.

Therefore it was decided to carry out
similar studies in the binary Laves phase
FeBe, with only one transition metal, the
other constituent being a non transition
light element. For this  alloy
Ra/Rp=1.129.

2-CRYSTAL DATA AND EXPERIMENTAL

The Laves phase FeBe, has the MgZn,
(C14) hexagonal structure, with space
group P63/mmc. Atomic positions the
unit cell are shown in fig.1.

A single crystal with approximate
dimensions  (0.07x0.07x0.08)mm3 was
selected from the material kindly offered
by Dr. P.J. Brown, Institut Laiie
Langevin, Grenoble, France.
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Fig.l - Unit cell of Laves phase with Cl14
hexagonal structure: e - Fe atoms;*- Be(I) atoms;
¥ - Be(II) atoms

Diffraction data were collected on a
single crystal diffractometer CAD4, using
Mo-Kow radiation (A = 0.7017A) and a
graphite (002) monochromator. The
absorption coefficient of the alloy for
this type of radiation is p=66.1cm1.
Lattice parameters were refined using a
standard least-squares technique and the
CAD4 available software, from 25
reflections with 11.8° <26<60.5° :

a=b=42224(10)A

¢ =6.8700(11)A
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=P =90 ¥=120°

A set of 6527 independent reflections out
to sin6/A=1.1A-!1 in reciprocal space
were measured at room temperature
(293+2 K) using ®-26 scans. For each
hkl, up to 24 symmetry-equivalent
reflections were measured in order to
" evaluate and correct for absorption ef-
fects.

Five standard reflections were measured
every 3 hours; maximum fluctuations of
4% over an exposure period of 272
hours were detected and attributed to
variations of the main beam intensity and
detector sensitivity. All intensities were
rescaled against the standards in order to
correct for this effect.

The orientation of the sample was
checked after measuring every 60 reflec-
tions. Whenever the direction of the
scattering vector was found to differ
more than 10% from that derived from
the UB matrix, a set of 5 reflections pre-
viously selected was measured in order
to re-orientate the crystal.

3-DATA ANALYSIS

The analysis of the experimental data was
performed with the SDP-Plus programs
[8] using a MICROVAX II with VMS
operating system.

Lorentz and polarization corrections
appropriate to the current geometry were
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applied to the integrated intensities. An
absorption correction based on psi-scans
of a few reflections with X close to 90°
and of their geometrically accessible
equivalents suggested by North et al [9]
was applied to the data. Relevant infor-
mation concerning this correction is pre-
sented in Table 1.

Maximum absorption correction 0.9965
Minimum absorption correction 0.8167
Agreement factors (F ;) 0.042

Table 1 - Relevant information concerning ab-
sorption correction applied to the data.

Averaging of equivalent reflections was
subsequently  performed, the total
number of non-equivalent intensities
being 441. Those average intensities for

‘, which Ihkl < 30'hkl » Ohkl bcmg the

standard deviation of Iy, , were
considered "non-observed"; 129
"observed" reflections were thus ob-
tained.

A set of structure factors for the
observed reflections were calculated
(Fealc) assuming spherical distributions of
atomic electrons. Anomalous dispersion
corrections were included in the atomic
scattering factors using data listed on
The International Tables for X-Ray
Crystallography [10]. Full matrix least-
squares refinements based on (Fgpe-
Fea1c)? were performed on the observed
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data set. A non-Poisson contribution
weighting scheme was used, the weight
w of each reflection being calculated as

w = 1/(01:)2
with
Of = Op2 /2F
and
O =[] +(F)?]1/2

where a value of 0.04 for the instrumen-
tal instability factor p was used to
downweight the most intense reflections.
Positional and anisotropic thermal pa-
rameters Uj; together with a scale factor
S were refined using high angle data
which included only 89 reflections with
[(sin®)/A] = 0.6A-1 [11]. Refinements
were carried out until a shift/e.s.d. ratio
smaller than 0.001 was achieved for all
the parameters. Using the structure am-
plitudes of all observed reflections [out
to (sin@)/A = 1.1A-1] and fixing the re-
fined values of the above parameters, an
extinction parameter g was independently
refined using the approximate relation-
ship:

IFeatc! = Fops! (1 + glcale)

derived by Stout and Jensen [12].

Values of the ratio F{p" /Fops for re-
flections with wW(F_,1c-Fops) < 2, ranged
between 1.142 and 1.003. Table 2 shows
the results of the above described
refinements.
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Indep. refl. with 1>30 129
Indep. refl., I>30, sin6/A>0.6 A 89
Fe atom
z 0.06168(9)
Up1=Uno 0.00501(7)
) 0.00250(4)
Us3 0.00379(7)
Be| atom
Uq1=Us2 0.00141(124)
Upn 0.00070(62)
U3 0.00815(173)
Bes atom
X 0.82905(112)
Uy 0.00699(95)
Upo 0.00666(129)
Uja 0.00333(65)
Usj 0.00620(70)
R 2.1%
Ry 2.5%
g 8.90(52)*10°6
S 0.76895(230)

Table 2 - Positional, thermal and extinction pa-
rameters obtained from least squares refinement.

Anisotropic thermal parameters Uy are
based on the following expression for the
"temperature factor":

T = exp [-2n(h?a*2U  + k2b*2Up; +
12¢#2U33 + 2axbxhkU )]

The anisotropy of vibrations of the light
atoms Be(I) which are located along the
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edges (c-axis) of the unit cell is a striking
feature of this structure, and can be
inferred either from a comparison of the
magnitude of the parameter Uszy with
those of Uj{(=Uy;) and U5, or from the
observation of the ellipsoids of thermal
vibrations shown in fig.2 for this atom
and (for the sake of comparison) for
Be(II).

a)
BE1 @'\@/H’@\@}

Fig.2 - Ellipsoids of thermal vibrations:
a) Be(I) atoms; axial ratio:5.8
b) Be(II) atoms; axial ratio:0.9

4-CHARGE DENSITY RESULTS AND
CONCLUSIONS.

Fourier analysis of the observed structure
factors was performed, the results of
which are represented as density maps.
The most representative of these,
corresponding to sections of the unit cell
through different types of atom are
shown in fig.3. The electron density
around the Fe (fig.3-b) and Be(Il)
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(fig.3-a) atomic positions exhibits no ap-
parent unexpected behaviour.

=¥
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Fig.3 - Fourier maps SF_ .. Contour levels at
intervals of 10 eA-3: o - Fe atoms;*- Be(I) atoms;
¥ - Be(II) atoms.
a)section [00.1] of the unit cell at z=0.25.
b)section [11.0] of the unit cell.

However, at the Be(I) positions (fig.3-b)
the density does not have spherical
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symmetry; instead two maxima can be
seen, symmetrically located with respect
to the refined atomic position. Moreover,
the density map for section [11.0] (fig.3-
b) shows density maxima above and
below the triangular arrangement of
Be(II) atoms on a line running through
the center of the triangles and through
the Fe atoms. These maxima correspond
to a significantly higher density than that
observed at the Be(Il) atomic positions.
Subsequent Fourier analysis of the differ-
ences (SFgps-Feqac) was carried out in
order to investigate the origin of the ob-
served effects. The corresponding differ-
ence maps are shown in fig.4 the signifi-
cance level of which can be compared
with the error maps in fig.5. The standard
deviation of constant regions is 0.3eA-3,
Observation of the difference maps
shows that both the effect at the Be(I)
positions and that occurring below and
above the triangles of Be(II) atoms have
disappeared.

Hence, it appears that the correction for
thermal motion applied to the F_, . has
taken care of the "anomalies" observed in
direct maps. Their origin may therefore
be attributed to thermal vibrations per-
haps mainly associated with the light Be
atoms.

It may also be argued that the models
used for correction of absorption and ex-
tinction in this crystal are not satisfac-
tory. Furthermore, an eventual twinning
effect should also be considered.
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Fig4 - Fourier difference maps, SF -F_, .
Contour levels at intervals of 0.4 eA-3. First
positive contour at 0.2 eA3,
o - Fe atoms; * - Be(I) atoms; ¥ - Be(II) atoms
a)section [00.1] of the unit cell at z=0.25
b)section [11.0] of the unit cell.
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Fig.5 - Fourier maps representing the

distribution of errors. Contour levels at intervals
of 0.4 eA3. First positive contour at 0.2 eA3.
o - Fe atoms; * - Be(I) atoms;™ - Be(II) atoms
a)section [00.1] of the unit cell at z=0.25
b)section [11.0] of the unit cell.
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These possibilities will be tested by se-
lecting another crystal with a different
shape and volume, for which absorption
and extinction effects and eventual twin-
ning should in principle be different.
Significant  remaining features on
difference density maps are excess dens-
ity along the direction parallel to the
c-axis, both between two nearest neigh-
bour Fe atoms and between two Be(I)
atoms. However these effects should not
be emphasized until those much stronger,
observed on direct maps, are fully ex-
plained and their presence in the electron
density from a different crystal is con-
firmed.
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