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The Crystal Structures of Sc;Si;, Sc;Ge;, La,Ge;, and Ce;Ge;

BY JOSEPH ARBUCKLE AND ERWIN PARTHE

University of Pennsylvania, Metallurgy Department, Philadelphia, Pa., U.S. 4.

(Received 26 March 1962)

The crystal structures of Sc;Si,, Sc;Ge,, LajGe,, and Ce;Ge; have been studied by means of Debye-
Scherrer powder photographs. All compounds crystallize in the unfilled Mn,Si;(D8g) structure type.
The hexagonal lattice constants of Se,Siy arc a =17-861 and ¢ =5-812 A ; those of Sc;Ge, are a =17-939
and ¢ =5-883 A. The dimensions of La,Ge, are a =8-958 and ¢=6-795 A while thosc of Ce;Cie, are
a=8-875 and ¢=6-570 A. All of the above compounds have an unusually large c/a ratio.

Introduction

Due to the extreme difficulty of producing elementary
scandium, few properties of this metal and its alloys
are known at this time. A literature survey revealed
that at present only about a score of scandium com-
pounds are known. One might expect scandium to
behave much like the rare earths with respect to
properties and alloying ability, but this is not neces-
sarily the case as scandium is almost 109, smaller
than the smallest rare earth, lutecium.

This study on the structure of scandium silicides
and germanides is the first paper in a series of in-
vestigations to reveal the crystal chemistry of scan-
dium compounds.

The Mn;Sis structure type has been the object of
numerous recent investigations. It is geometrically
related to the NiAs structure (Parthé, 1957; Jellinek,
1959) and to the ¢ phase (Aronsson & Lundstrem,
1957). The results of some recent work on Y;Sis and
Y;5Ges (Parthé, 1960) have prompted this study of
D8g phases with other transition metals of the third
group of the periodic system.

Sample preparation and experimental results

The scandium, lanthanum, and cerium used in these
experiments were supplied by the A.D. Mackay Co.
The scandium was 999, pure, 0-3% iron being the main
impurity. Mixtures of scandium and powdered silicon
in the proper proportion were arc-melted while scan-
dium and powdered germanium were alloyed in an
induction furnace. In both cases, the samples were
under an inert atmosphere. The lanthanum and
cerium were 99-99 pure. In each case, metal filings
were pressed into a pill with the proper amount of
germanium. The samples were then induction melted
under inert atmosphere. The composition of all
samples was checked by chemical analysis. The
samples were homogenized by repeated induection
heating to approximately 1300 °C.

Debye—Scherrer photographs of Sec;Sis, ScsGes,
Las;Ges, and Ce;Ges were indexed, and in each case
the unit cell was found to be hexagonal. The lattice

parameter, c/a ratios, and calculated densities are
given below.

Density

Compound a (A) c(A) cla (g.cm.™%)
SeSi, 7-861 5-812 0-739 1-98
SeyGe, 7939 5-883 0-741 2-76
La,Ge, 8958 6-795 0-759 3-72
Ce;Ge, 8-875 6-570 0-740 3-92

From the systematic extinctions, the space groups
D},~P63/mem, D%,-P6c2, C%—P6scm, Di~P3cl, and
C3~P3cl were all found to be acceptable possibilities.
The first of these was assumed for all of the com-
pounds, the scandium (lanthanum or cerium) atoms
being placed in equipoint 4d and 6g; with x1=0-25
and the silicon (or germanium) atoms in equipoint
6911 with x1;=0-61. The calculated and observed
intensities are in excellent agreement.* The calculated
d values and observed intensities are shown in Table 1.
All four compounds crystallize in the unfilled D8y
structure type.

Discussion

The compounds in this study all showed unusually
high c/a ratios. In D8g phases with transition metals
of Group IV or greater, the distance between metal
atoms in the 4d and 6¢ positions is relatively large.
With metals of Group III, atoms in these positions
come very close to touching one another, and, in
some cases, even overlap. A compression of the a axis
results, causing the unusually large c/a ratio. This
aspect and others will be discussed in detail in a
forthcoming paper on the occurrence and lattice
dimensions of D8y phases (Arbuckle & Parthé; in
preparation).

The authors wish to thank Dr M. V. Nevitt of
Argonne National Laboratory for the arc-melting of
the ScsSiz alloy. This work was supported by the
U.S. Air Force under contract of AF 49 (638)-1027.
This study is a contribution of the Laboratory for
Research on the Structure of Matter, University of

* This data and sin® § values may be obtained by writing
to the authors.
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STRUCTURES OF Sec;Siy, Se;Ge,, LasGe,, AND CeyGe,

Table 1. Calculated d values and observed intensities
(Cr Kx radiation)
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A Redetermination of the Orthorhombic IF, Structure

By R. D. BurRBANK
Bell Telephone Laboratories, Incorporated, Murray Hill, New Jersey, U.S.A.

(Received T March 1962)

The idealized molecular configuration in orthorhombic IF, has the point symmetry mm and can be
derived from dodecahedral 8-coordination by allowing two atoms at one end of the 4 axis to coalesce
into one. There are five bonds at 1-825 &, 6 =0-03 4, and two bonds at 1-97 &, 6 =0-04 A, in keeping
with the chemical properties of IF, and IF;. The same configuration has recently been observed
in the cthylenediamine tetraacetoaquoferrate (III) ion. The revised structure was determined fol-
lowing a careful evaluation of the intensity data which entered into an earlier 3d Fourier difference
analysis. Serious, non-calculable, systematic errors were found in the precession camera experiment.
The most erroneous class of observations, the upper levels, were discarded. The zero levels were
analyzed by least squares. The systematic errors for each zero level were treated as a separate

problem in scaling and weighting analysis.

Introduction

Over a decade ago the writer and F. N. Bensey
undertook a program of study of the polyfluoride
branch of the interhalogen compounds. The crystal
structures of ClF3, BrFs, and BrFs at low temperatures
were determined in a relatively straightforward man-
ner. The most interesting member of the group, IF,,
proved to be quite troublesome. In a preliminary
report (Burbank & Bensey, 1953b) a structure was
described which could have a symmetry no higher
than that of the point group mm. This conclusion
was unaltered in the final results of a 3d Fourier
difference analysis (Burbank & Bensey, 1957a, b). The
molecular structure found in the crystalline state was
not in agreement with the interpretations given to
a variety of other physical measurements.

Lord et al. (1950) studied the Raman spectra of
the liquid and the infrared spectra of the gas, both
at room temperature. Within the limited resolution
of the spectra they stated that there was no noticeable
departure from the selection rules for the point group
symmetry Dss, a pentagonal bipyramid. Gutowsky
& Hoffman (1951) studied the nuclear magnetic
resonance of the liquid at room temperature. The
multiple F® absorption lines were unexpectedly broad
for a liquid. The simplest interpretation is that the
F19 nuclei are in non-equivalent structural positions,
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which is not inconsistent with a Ds structure. Overlap
of individual lines prevented more detailed analysis.
Bauer (1952) assumed a Ds; structure to analyze the
electron diffraction of the gas at —65 °C. In a revised
analysis of the same data LaVilla & Bauer (1960)
considered it necessary to introduce displacements of
the five girdle atoms in directions perpendicular to
the plane of the girdle.

Donohue (1959) made the categorical statement that
the interpretation of the crystal structure was in-
correct and that the molecular symmetry in ortho-
rhombic IF7; was Ds,. Recently Lohr & Lipscomb
(1962) have reported a recalculation based on the
Burbank & Bensey (1957a) data using the Busing-
Levy (1959a) least squares program. It is claimed
that the recalculation provides a quantitative statis-
tical basis for Donohue’s statement. However, this
claim is compromised by the following factors:

1. The data contain serious and unknown systematic
eITOrs.

2. Under these circumstances the weighting system
used is entirely arbitrary.

3. A complete set of anisotropic thermal parameters
was introduced under circumstances in which
they can have no physical meaning and in which
they may interact seriously with the positional
parameters.



