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Hartree-Fock—Slater coherent scattering factors for ions*. By H.P.HansoN and R.F.PoHLER, Department of
4

Physics, The University of Texas, Austin 12, Texas, U.S.A.

(Received 18 January 1966)

Coherent scattering factors for 70 different ionic configura-
tions have been calculated from HFS wave functions. The
compilation of these results represents an extension of the
work reported previously by Hanson, Herman, Lea & Skill-
man (1964). Form factors have been calculated for the more
common ionic configurations of elements in the first three
rows of the periodic table, for the 3d transition elements,
and for Ga3+, Ga+*, Ge#t, Ge2+, Br-, Rb+, Mo*, Ag+, Au*,
Hgt, TI3+, TI*, and U6+, The list of these configurations
includes essentially all of those ions which are stable within
the framework of the HFS model. Thus Cl-, O-, and S-
were calculable but not O2- or S2-.

* This work has been supported by the Robert A. Welch
Foundation of Texas.
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However, in view of the recent publication of Dirac-
Slater scattering factors for many of these same ions (Cro-
mer & Waber, 1965), the use of journal space for detailed
HFS results does not seem justified. Nevertheless, the HFS
values have a certain merit and utility; in order that they
be generally accessible, they have been placed on file with
the American Documentation Institute. Moreover an
abridged set of these results may be obtained by writing
to the authors.
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The anti-Th,P, structure type for rare earth germanides, antimonides and bismuthides. By D.Hoxnke and E.
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Pennsylvania, Philadelphia, Pennsylvania, U.S.A.

(Received 21 February 1966)

The Th3P4; structure type was first described by Meisel
(1939) and has been found since for numerous lanthanide
and actinide compounds. Kripyakevich (1963) has shown
that the structure can be represented as an arrangement of
polyhedra such as [ThPs] or [PThe] where each Th atom
is surrounded with 8 P atoms and, conversely, each P atom
has 6 nearly octahedral Th neighbors. Most of the early
known compounds with the Th3P4 structure are the homo-
logues of Th and P. During the last few years, however,
a number of isostructural rare earth sulfides, selenides and
tellurides were reported (in certain cases with deviations
from the ideal composition R3X4, where R denotes rare
earth element and X the metalloid). (Flahaut, 1965; Holtz-
berg, Okaya & Stemple, 1965).

The fourteen new rare earth germanides, antimonides and
bismuthides which are reported here have the composition
R4X5 and crystallize with the anti-Th;P4 structure type.
Here the rare earth elements occupy the centers of the
distorted octahedra.

The rare earth elements with a stated purity of 99:9%
were obtained from the Research Chemicals Division of
Nuclear Corporation of America, Phoenix. All compounds
were prepared by fusing the components in an arc melting
furnace. Appropriate control of the operating conditions
assured negligible weight losses. A homogenization anneal-
ing was performed on LasGe;, but it was subsequently
found that this procedure was unnecessary as the arc melted
samples were already homogeneous and well crystallized.

All investigated germanides are stable in air, while the
antimonides and bismuthides react with the moisture of

the air in varying degrees. To avoid decomposition during
the diffraction experiments, those materials were enclosed
in quartz capillaries filled with dried ligroin. The experi-
ments were performed with Cu Ko or Cr K« radiation.

LasGes gave a cubic diffraction pattern with a=9-3563
+0-0004 A. The conditions for possible reflections were
found to be hkl: h+k+1=2n only and hhl:2h+ I=4n only,
which lead to the unique space group [43d (7§5). Only a
limited number of equipoints are available in this space
group, the lowest multiplicity being twelve. Assuming the
smallest possible number of formula units per unit cell,
M =4, a theoretical density of 6-17 g.cm~3 is obtained. The
next higher number of formula units which can be accom-
modated in the space group, M=12, leads to an unreason-
ably high density of 18-8 g.cm~3. Thus only the 12-fold and
one 16-fold equipoint position are available for the posi-
tioning of the atoms. A simple geometrical consideration
showed that the only reasonable arrangement is:

16 La in 16 (¢) with x~ {5
12 Ge in 12 (a)

Such an arrangement can be called the anti-Th3P4 structure
type.

The line intensities of the LasGe; diffractometer pattern,
obtained from a flat specimen, were measured with a plani-
meter. Owing to the many coincidences of the 44 measured
diffraction lines only 30 could be used for a least-squares
analysis of the adjustable parameter x of the La atoms in
16 (¢). The least-squares refinement program -of Gantzel,
Sparks & Trueblood (1961) was used. Ew(F,— |F|)2 was
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minimized with w, the weighting factor, unity for all F,.
Structure factors for permitted Ak/ lines too weak to be
observed were estimated from a smallest observable inten-
sity. The weighting of these F values was directly propor-
tional to their magnitude. With a final x value of 0-0645 +
0-0010 the residual factor, considering observed together

Table 1. Intensity calculation for LasGe;
with anti-ThPs structure type. :(Cu Kay)=1-54051 A
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hkl 103sin20, 103 sin2 B, I Lo
211 407 40-5 7.8 9-8
20 542 542 16:3 140
30 678 677 1000 1000
321 949 94-7 570 550

400 1084 1082 02 03
420 1355 1354 53 5:9
332 1491 148-9 89 91
422 1627 1623 16:2 16:0
510 49
Y } 176:2 1759 575 } 321 340
521 7 2033 203-0 48 47
440 2169 2167 03 03
530 2304 <01 —_
] } 2575 2576 50 } 195 213
620 © 2711 270-8 10-0 10-5
541 2846 284:3 127 127
631 3118 311-4 32 35
444 3253 3249 1 64 65
543 <0
710 } 3389 — <0l } 01 -
640 = 3524 352:1 10 10
633 27
721 { 3660 3655 82 13-4 160
552 | 25
642 3795 379:0 66 7.2
730 3931 392:6 , 12 12
732 2
jeo } 4202 4199 2 61 7.2
800 = 4337 4334 10 10
741 4473 — <01 —
653 4744 4740 26 30
822 09
221 4880 4875 % } 41 50
743 49
750 b 5015 501-0 3-8 10-5 15
831 | 18
752 0 5286 528-3 35 37
840 5422 542:0 03 03
910 5557 — <01 =
842 5603 569-0 0-9 I
921 54
761 | 5828 582:5 02 74 85
655 18
664~ 5964 596:8 13 20
754 37
851 | 6100 609-4 64 10-8 13-4
930 07
932 09
2 b e 6366 0 41 44
844~ 650-6 650-9 03 03
941 <01
gs3 [ 6642 - <ol 01 -
772 01

o2l gor3 690-8 9 23 25

1020 2:0
9201 7048 704:3 > 42 51
950 31
oy b 7184 7181 n 7:0 85

1031 11
952 | 7455 7450 21 44 55
765 12

Table 1. (cont.)
hkl 103 sin26, 103 sin26, 1 Iy
871 772:6 — <01 —
1040 0-4
864 7782 785-9 0-9 1-3 1-0
1033 ) ] 12 i .
961 799-7 799-4 0-5 1-7 26
1042 813-3 8129 56 55
1110 0-8
954 826-8 826-5 43 12:2 14-7
873 7-1
1051 31
1121 853-9 8537 1-7 7-8 9-2
963 3-0
880 867-5 867-1 81 9-6
1130 <01
970 881-1 — <01 01 —
1053 3-5
972 05
1132 908-2 908-1 3-0 9-6 10-3
776 2:6

with unobserved |F| values for all non-coinciding reflec-
tions, was calculated to be 0-05. An isotropic Debye-Waller
temperature coefficient of 0-5 A2 was used for the calcu-
lations. Table 1 shows the agreement between observed and
calculated data for LasGes. The calculated data were ob-
tained from a computer with the use of a Fortran IV pro-
gram for the intensity calculation of powder patterns by
Jeitschko & Parthé (1966). Constants for the analytical
expression for the atomic scattering factors are from Moore
(1963).

The anti-Th3P; structure type was also found for PrsGe;
and the following rare earth antimonides and bismuthides:
La4Sb3, Ce4Sb3, PI'4Sb3, Nd4Sb3, Tb4Sb3, Dy4Sb3, H04Sb3,
and La4Bi3, Ce4Bi3, PI'4Bi3, Nd4Bi3, Gd4Bi3, Tb4Bi3. The
lattice parameters of these new phases are given in Table 2
together with data of three isotypic compounds reported
earlier by Holtzberg, McGuire, Methfessel & Suits (1964)
and Bodnar & Steinfink (1965). All lattice parameters and
their probable errors were calculated on the computer with
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Fig.1. Lattice constants of rare earth antimonides and bis-
muthides with anti-Th;P4 structure versus the ionic radius
r3+ of the rare earth element.
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Table 2. Lattice constants of rare earth germanides, anti-
monides and bismuthides with anti-Th3P4 structure type

Germanides
a

LasGes 9-3563 +0-0004 A
PrsGes 9-153 +0-001
Antimonides
LasSb; 9-648 +0-003
Ce4Sb; 9-528 +0-002
Pr;Sb; 9-458 +£0-001
NdsSbs 9-406 + 0-001
Gd,Sbs 9-224 + 0-005*
Tb4Sbs 9-159 +0-003
Dy4Sbs 9-114 +0-001
Ho4Sb; 9:072 +0-001
Yb4Sbs 9-30t
Bismuthides
LasBi; 9-786 4 0-001
CeyBis 9-672 +0-001
Pr,4Bi; 9-611 +0-003
Nd4Bi3 9-553 +0-001
Gd4Bis 9-383 + 0-005*

9-385 +0-002
Tb4Bi3 9-321+0-001

* Holtzberg, McGuire, Methfessel & Suits (1964).
+ Bodnar & Steinfink (1965).

the Nelson-Riley extrapolation equation and the least-
squares program by Gvildys (1965).

Fig.1 shows a plot of the lattice constants of antimonides
and bismuthides versus the trivalent ionic radii of the rare
earth elements. All data except for YbsSbs fall essentially
on two straight lines, one for antimonides and one for bis-
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muthides. The deviation for YbsSbs may be explained by
the occurrence of a partly two-valent Yb atom. Data for
Eu compounds are missing, but the same deviations may
be expected for these.

This study is a contribution from the Laboratory for
Research on the Structure of Matter, University of Penn-
sylvania supported by the Advanced Research Projects
Agency, Office of the Secretary of Defense.
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Refinement of the crystal structure of euchroite, Cu,(AsO,)(OH).3H,0. By J.J.FINNEY, Department of Geo-
logical Engineering, Colorado School of Mines, Golden, Colorado, U.S.A.

(Received 27 July 1965 and in revised form 11 February 1966)

Introduction

The structure of euchroite was determined by Giuseppetti
(1963), using three-dimensional Patterson sections to deter-
mine the heavy atom positions, but was completed by means
of electron density projections. As part of an overall study
of the crystal chemistry of secondary copper minerals a
three-dimensional refinement of this structure was con-
sidered necessary to portray the structure more accurately
and to describe the complex hydrogen bonding which oc-
curs in euchroite.

Experimental

Dr L.G.Berry kindly provided a few crystals of euchroite
(USNM 470456) from the sample used in his original work
(Berry, 1951). The crystal fragment used in this refinement
had the dimensions 0-25 x 0-20 x 0-30 mm.

Euchroite is orthorhombic, space group P2;2,2;. The
unit-cell dimensions a=10-063, b=10-522 (both +0-010),
¢=6-107 (+0-005 A) were obtained from precession films.
The unit-cell contents are Cus(AsO4)s(OH), . 12H20. The
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density based on the above unit cell is calculated as 3-46
compared with the observed density of 3-:389 reported by
Giuseppetti.

Data were collected by means of multiple film pack equi-
inclination Weissenberg photographs about the a and ¢ axes
with the use of Mo (K«) radiation. Intensities were estimated
visually.

In each case the zero- and first-layer data were collected.
Dr Giuseppetti supplied zero and unpublished upper-level
data about the b axis taken with Cu K« radiation.

Both sets of data were corrected for absorption as well
as Lorentz-polarization factors and were placed on an ap-
proximately equivalent relative scale by comparison of re-
flections common to the two sets of data. Absolute scaling
was accomplished as a normal part of the least-squares
refinement.

Refinement of the structure
The structure was refined with Giuseppetti’s atomic pos-

itions as a starting point. A full-matrix least-squares pro-
gram was used in the refinement modified after a program



