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The crystal structure of Pu;Co.* By Ariex C. Larson, Dox T. Cromer and R. B. Roor, Jr., University
of California, Los Alamos Scientific Laboratory, Los Alamos, New Mexico, U.S. A.

(Received 31 May 1962)

A Pu-Co alloy ingot of nominal composition 25-5 at.%;, Co
was prepared by are melting and then was heat treated at
440 °C for one week. It was not possible to obtain good
quality single crystals because the fragments of the ingot
became somewhat distorted when it was erushed.
Nevertheless, after considerable searching, a crystal of
poor but usable quality was found. After preliminary
precession photographs had been taken, lattice constants
and intensities were measured with a General Electric
Co. XRD-5 equipped with a single-crystal orienter and
scintillation counter. Crystallographic data are sum-
marized in Table 1. The lattice constants are slightly
larger than those found by Elliot & Larson (1957).

Table 1. Crystallographic data for Puy,Co
Orthorhombie, space group Cmem
Z= 4
a= 347540004 A
b =10-976 + 0-010
e = 9220+ 0-008
dy =14-82 g.em™3?
de =14-65 g.cm"’

(A Mo Ka, =0-70926 A)

Intensity measurements were made of reflections oc-
curring at 20y = 46°, and most of the equivalent reflec-
tions were measured four times. After application of a
spherical absorption correction based on the mean radius
of the irregularly shaped fragment (uR =3-4), a p correc-
tion based on the variation of intensity with ¢ for reflec-
tions at x=90°, and Lp corrections, the equivalent
F3(hkl) were averaged. The agreement between equivalent
reflections expressed as X|Fj; —F§|/XF}; was 189, Of
156 non-equivalent reflections, 119 were observed.

The structure was solved by packing considerations
alone and this trial structure was later shown to be in
agreement with the three-dimensional Patterson func-
tion. A least-squares refinement was then performed with
the full matrix. All non-zero F, were weighted equally.
Form factors were used in functional form (Forsyth &
Wells, 1959), and the parameters of Forsyth & Wells
were used for Co, For Pu,

Sru=45-91 exp(— 1442 5*) +23-72 exp( —15-32 8*) + 7.13

where § =sin /4.

Table 2. Least-squares parameters for Pu,Co

Atom Set =z Y z B

Pu, 4c 00 0-0778+0:0013 2-1+0-3 A2
Pu, 8f  0:0 0:3678+0:0009 0:0553+0:0010 2:2+0-2
Co 4c 00 0778 +0:005 i 37412

The above function is an excellent approximation to
the Thomas-Fermi-Dirac Pu form factor curve (Ibers,
1960) with an anomalous dispersion correction of

* Work performed under the auspices of the U.S. Atomic
Energy Commission.

Af'= —16:5 electrons (Roof, 1961). An anomalous
dispersion correction of +0-4 electron was applied to

Jeo-

The final least-squares parameters are given in Table 2.
The final observed and caleulated structure factors, for
which R=1599% with F,=0 omitted, can be obtained
from the authors. Fig. 1 shows the asymmetric electron
density section at x =0. It is clear from the elliptic shapes

z= 075000

Fig. 1. Fourier sections of Pu,Co at 2=0. Contour interval
is 10 e.A-3%, The zero contour is dotted. The light solid lines
are negative,

of the peaks that anisotropic thermal parameters would
improve the structure factor agreement. However, we
believe that the quality of the intensity data is such that
further refinement would be without value. Fig. 1 was
drawn on 35 mm film by an SC 4020 high speed microfilm
recorder. The Fourier synthesis was computed on an
IBM 7080, and a 7090 program then was used to prepare
a magnetic tape as the input to the SC 4020,

Fig. 2. Projection of Puy;Co as viewed down the a axis. The
larger circles are Pu. The solid circles are at z=} and the
dashed circles are at x=0.

A projection of the structure as viewed down the a
axis is shown in Fig. 2, and the interatomic distances are
given in Table 3. Pu, has three Co and twelve Pu neighbors
that form a convex polyhedron with 22 three-sided faces
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Table 3. Interatomic distances in PuyCo.
The standard deviation of Pu—Pu distances is 0-02 A
and for Pu-Co distances 0-06 A

Pu(l)-2 Pu(l) 3.48 A Pu(2)-2 Pu(l) 3-36 A

Pu(l)-4 Pu(2)  3-36 Pu(2)-2 Pu(l) 3-40

Pu(l)-4 Pu(2) 3-40 Pu(2)-1 Pu(l) 3-65

Pu(1)-2 Pu(2) 365 Pu(2)-1Pu(2) 308

Pu(l)-2 Co 2-80 Pu(2)-2 Pu(2) 3-28

Pu(l)-1 Co 3-29 Pu(2)-2 Pu(2) 348
Pu(2)-1 Pu(2) 3-59
Pu(2)-2 Co 2-69
Pu(2)-1 Co 3-24

Co-2 Pu(l) 2-80

Co-1 Pu(l) 3-29

Co—4 Pu(2) 2-69

Co-2 Pu(2) 3-24

Co-2 Co 3-475

and two four-sided faces. Pu, has three Co and eleven Pu
neighbors that form a convex polyhedron with 16 three-
sided faces and 4 four-sided faces. The Co atom has
nine Pu neighbors, six of which form a trigonal prism and
three of which are displaced outward from the four-sided
faces of this prism. This is a common coordination for a
relatively small atom surrounded by large atoms. In
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this structure, however, there are two additional Co atoms
that satisfy the Frank and Kasper (1958) definition of
neighbor. These Co atoms are displaced by one unit cell
in the z direction and lie outward from the ends of the
trigonal prism.

Pu;Co is isostructural with the compound Al,CuMg
(Perlitz and Westgren, 1943) and also with Re;B (Arons-
son, Bédckman and Rundqvist, 1960).

We wish to thank V. Struebing for preparing and heat
treating the alloy.
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Einige Strukturdaten zum Spinell 7Zn0O.Sb,05. Von H. SAALFELD, Lekrstuhl fir Strukturforschung

Universitit des Saarlandes, Deutschland

(Eingegangen am 29. Januar 1963)

Beim Erhitzen von ZnO und Sb,0; auf 1300 °C beobach-
tete Bayer (1961) die Bildung eines Spinells der Zusam-
mensetzung 7Zn0.Sb,0; mit der Gitterkonstanten
a=8,585 A. Fiir diesen Spinell schlug er die inverse
Kationenverteilung Zn(Sby,¢,Zn,,4,)O, vor, ohne sie jedoch
unter Beweis zu stellen. Kiirzlich haben Linares & Mills
(1962) Darstellungsmethoden zur Ziichtung grosser
ZnSb-Spinelle verdffentlicht. Aus Pulveraufnahmen er-
mittelten sie die Gitterkonstante a =8,594 + 0,003 A.

Die Beschiftigung mit Zn-Spinellen veranlasste den
Verfasser, die Kationenverteilung des ZnSb-Spinells
experimentell zu iiberpriifen. Durch 15-stiindiges Erhitzen
von Zn0 und Sb,0,4 bei 1350 °C wurden geniigend grosse
Einkristalle erhalten. Guinier-Riickstrahlaufnahmen einer
Pulverprobe  ergaben eine  Gitterkonstante  von
a=8,594 0,001 A in sehr guter Ubereinstimmung mit
den bisher ermittelten Werten.

Es wurden mit streng monochromatischer Mo-Strahlung
Weissenbergaufnahmen der Zone [110] hergestellt und
die Reflexe einzeln fotometriert und korrigiert (PL-Fak-
tor, Absorption). Die erste Fouriersynthese lieferte
neben der Kationenverteilung den Sauerstoffparameter.
Mit weiteren Verfeinerungsrechnungen wurde ein R-
Faktor von 0,10 erreicht. Hierbei ist ein isotroper Tem-
peraturfaktor von 0,3 beriicksichtigt worden. Es zeigte
sich ferner, dass die starken Reflexe durch Primirextink-
tion geschwécht waren. Ein Vergleich mit Pulverauf-

nahmen ergab eine Schwiichung der betroffenen F,-Werte
um etwa 15-209%,.

Die Integration der Elektronendichten bestitigte die
von Bayer vorgeschlagene Kationenverteilung. Die
Tetraederliicken sind ausnahmslos durch Zn besetzt,
wahrend sich die restlichen Zn- sowie die Sb-Atome
statistisch auf die Oktaederliicken verteilen.

Abstandsverhdltnisse :

Sauerstoffparameter z,=0,239 +0,001 (Nullpunkt des
Gitters im Zen-
trum)

0,386 +0,001 (Nullpunkt in
43m)

Zn-0 : 2,02 A (4-Koordination)

gﬂ:g} 2,06 A (8-Koordination)

Der Deutschen Forschungsgemeinschaft bin ich fiir die
Bereitstellung von Réntgengerdten sehr zu Dank ver-
pflichtet.
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