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Series of Hexagonal Structures with Metal:Metalloid Ratios Close to 2:1
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The closely related crystal structures of the compoundbliz&is (La;2NisSis, n = 2) and LaNi,Sis (LagoNigSiiz,

n = 3) as well as those of the new compoundsgsNiySiig (LazoNi14Sizo, N = 4) and L&aiNi11Siis (LaszNiz2Sisg,

n = 5) were determined from single-crystal X-ray diffractometer data. In these hexagonal silicides (space group
P6s/m) almost all atoms are situated on mirror planes, which extend perpendicular to the arest The only
exceptions are nickel atoms located on thexes, which show some disorder resulting in the exact compositions
LagNi1 5402503 [a= 1224.3(1) pme = 438.3(1) pmZ = 2, CeNi»Sis type structure], LeNii 751Sis [a = 1624.4(3)

pm, c = 434.2(2) pm,Z = 4, CeNi,Siz type], LaisNiss22Sho [a = 2021.2(3) pmc = 435.1(1) pm,Z = 2,
PrisNizSiio type], and LaiNiig.493Sits [a = 2427.7(3) pme = 435.2(1) pmZ = 2, a new structure type]. All

of these structures have building elements which resemble thetyd® structure. In these the lanthanum atoms
correspond to the aluminum atoms of AlBvhile the nickel and silicon atoms occupy the boron positions in an
ordered manner. Other series of ternary hexagonal lanthanoid and actinoid transition metal silicides and phosphides,
e.g., the series with the general forman-1)Nin+1)n+2)Pan+2)+1 (R = Th, U), are briefly reviewed, and the
systematics in the space groups and the diffraction patterns of these compounds are pointed out.

Introduction new structure type. A preliminary account of this work was

i . ) presented at a conferente.
More than 20 years ago a series of related cerium nickel

silicides “CeNiSi", “CesNisSis", and CeNizSi; were synthe-  preparation, Lattice Constants, and Properties

sized by Bodak and Gladyshevski# The general formula for

these compounds was given assGe+2(Ni, Si)ae42, Since at All compounds were prepared by reaction of the elemental compo-
that time—when structures were determined from film dait nents (lanthanum ingots, nominal purity 99.9%; nickel powder, 150

was generally believed that nickel and silicon can substitute Mesh, 99.9%, pressed to pellets; silicon pieces, 6N) in an arc-melting

for each other in such compounds. Later, when the crystal furnace under an argon atmosphere. The samples were turned over

structures of such compounds were determined from diffrac- and remelted twice to enhance their homogeneity. They were then
. . " led i ted silica tub led for 2 k 0fnd

tometer data, it was recognized that frequently the late tran5|t|onzizfchg]dei\éa;:?ef silica tubes, annealed for 2 weeks 21G3

metal and the silicon atoms order. Hovestreydt and Parthe '

s . L The Guinier powder diagrams of the samples were compared to those
reported the compound fgNi7Siio with an ordered distribution ¢\, ategfor possible structure types with related compositions. This

of the nickel and silicon atoms, and they suggested;sKlie- way it was recognized that the compoundsNia ,Sis, LagNiz—»Sis,

Si13” to be isotypic with PysNizSiio. They also gave a formula  and LasNi- Siie were isotypic with the structures first described for
for this series of compounds accounting for the ordered CeNi,Sis3“Ce;NiSi",* and PisNi;Sie Knowing the ideal composi-
distribution of the nickel and silicon atoms, which corresponds tions from the structure determinations, we could prepare the com-
to the formulaRn+1)n+2)Nin(n—1)+2Sinn+1) Used in the present pounds in nearly pure form by reaction of s_toichiometric amounts of
paper. We report on four compounds of this series of structuresthe elemental componer}ts. After we recognized that these_con_”lpounds
with lanthanum as the rare earth metal component with2, form a homologous series, a model for the structure giNiaiSis

3, 4, and 5. For the previously published compoundsy*La was extrapolated, and single _crystals of this predlc_t_ed compound could
NiSi” 1 and LaNi,Sis? we verify that the nickel and silicon be isolated from a sample with the ideal composition.

; UNRQ § . The lattice constants of these four compounds (Table 1) were
gt.omsgrg ordired. T?he I(:eal folrmuu!g fsqr zmi’l ZIS La5N|.2 obtained by least-squares fits of the Guinier powder data recorded at
s (n = 3), whereas the formula EBliz s (n = 2) remains room temperature with Cu ¢ radiation usingo-quartz @ = 491.30
correct. The other two compounds 1Eldi;Siip (n = 4) and pm, ¢ = 540.46 pm) as an internal standard.

LaxiNi1iSips (n = 5) are new. The latter crystallizes with a
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Table 1. Crystal Data for LaNi—xSis, LasNiz—xSiz, LaysNiz—xSiio, and LaiNi11—Siis?

composition LaNi1.54(1)Si3 LasNi1.75(1)3i3 LalsNieAez(z)Siw LaleiloAg(s)Sils
lattice constants
a(pm) 1224.3(1) 1624.4(3) 2021.2(3) 2427.7(3)
c (pm) 438.3(1) 434.4(2) 435.1(1) 435.2(1)
V (nmd) 0.5690(1) 0.9927(5) 1.5394(4) 2.2213(6)
formula units/cell Z¢ 2 4 2 2
formula mass 1008.1 881.55 2753.2 3954.3
space group P6s/m (No. 176) for all four compounds
temp €C) 22 22 22 22
wavelengtht (pm) 710.69 710.69 710.69 710.69
Pealcd (g C3) 5.88 5.90 5.94 5.91
w (mm~, Mo Ko 24.74 24.55 24.60 24.40
R (Fo) 0.029 0.026 0.024 0.040
Ry (Fo) 0.031 0.031 0.027 0.027

a Standard deviations in the positions of the least significant digits are given in parentheses throughout tie ptijoer parameters calculated
from Guinier powder data, using-quartz & = 491.30 pm,c = 540.46 pm) as standard. The residuals are defined as foll&®wvs: (3 |Fo —
[Fel )Y Fo; Ry = [SW(Fo — |Fe))ZIW(Fo)dY?, w = 4F%[o(1)? + (0.0473)?]2, © The corresponding Pearson symBalsehP26—4.92,hP44—-5.00,
hP68—4.76, andhP98—5.02, respectively.

atomic ratio Ni(2a):Ni(4e)
1:2 1:1 21

Well-crystallized samples of the four compounds have gray color
and metallic luster, like elemental silicon. The powders are black. They
deteriorate in air within a few days.

Structure Determinations

0‘

Single-crystals of the four compounds were isolated from arc-
melted, annealed, crushed buttons. They had the shape of
needles with the (short) hexagomaxis as the preferred growth
direction.

The hexagonal cells found from the Guinier powder data of
LasNi»—«Siz and LaiNii1—xSiis were confirmed by recording
the reciprocal lattice in a Weissenberg camera. Single-crystal
X-ray intensity data for all four compounds were collected at
room temperature on Enraf-Nonius CAD4 diffractometers with
k geometry using graphite-monochromated Ma. Kadiation
and a scintillation counter with pulse-height discrimination. The
scans were along with background counts at both ends of
each scan. Absorption corrections were made fgestan data.

The crystallographic data are summarized in Table 1 and in
more detail in tables of the Supporting Information.

The structures were determined and refined with the SHELX-
TL PLUS program package.The final least-squares refine- Ni atoms per cell 372 413 6/5
ments were carried out with the SDP programall four atposiions 2aandde 1,50 12 2
structures were alrt_aady approximately known from the powder Y4) and 4 (0, 0,2) on the 6 axes of the lanthanum nickel silicides. As
data, as will be discussed further below, and therefore the 5 eyample, the interatomic distances (pm) ofiNai Sis are
positional parameters of these structure models were used asndicated at the left-hand side of the figure. The occupation of two
starting parameters for the full-matrix least-squares refinementspositions with interatomic distances220 pm was considered as not
using atomic scattering facto¥s,corrected for anomalous  possible. The translation periodsat the right-hand side of the columns
dispersioril.l Parameters accounting for isotropic secondary c_orrespond t(_) hypothetical r_nodels for occupied (fiIIed)'and unoccgpied
extinction were optimized as least-squares parameters. Thesites (open circles). The ratios of nickel atoms occupying the positions

iahti h ted for th Hi tatisti 2a and 4 are shown at the top of the figure; the resulting maximum
weighting schemes accounted Tor the counting statistics. number of nickel atoms per translation periods indicated at the

Occupancy parameters were refined for all atomic positions bottom.
with fixed scale factors together with the thermal parameters.
Most atomic positions were found to be fully occupied, and  The only difficulties arose with the atomic positions (0, 0,
the distinction between most nickel and silicon positions could 1/, and 0, 02) located on the axes with the Wyckoff notations
easily be made not only by their respective atomic environments 25 ang 4 (Figure 1). Both of these sites were found to be
but also on the basis of the refined occupancy parameters (Table,ccypied, but because the translation peddsirather short in

2)._ In the_final Ie_ast-squares cycles these atomic positions werey| of these structures~435 pm), these positions cannot be

refined with the ideal occupancy values. fully occupied for steric reasons. The atomic environments of
: : . these positions are similar to those of the nickel and silicon
(8) Sheldrick, G. MSHELXTL PLUSSiemens Analytical X-ray Instru- gtoms. The question which of the two should be favored was

ments, Inc.. Madison, WI, 1990. . . .
(9) Frenz, B. A., and Associates Inc. and Enraf-NonBBP (Structure €@t with at length in a recent publicatiron the closely

Determination Package)/ersion 3; College Station (Texas) and Delft ~ related structures of NgNi2>—xSis; and N@Ni2—,Siz, considering
(Holland), 1985.
(10) Cromer, D. T.; Mann, J. BActa Crystallogr.1968 A24, 321.
(11) Cromer, D. T.; Liberman, DJ. Chem. Phys197Q 53, 1891. (12) Prots’, Yu. M.; Jeitschko, WJ. Solid State Chenl998 137, 302.

Figure 1. The distributions of nickel atoms at the positiores(®, 0,
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Table 2. Atomic Parameters of Lehliz,Sis, LagNizxSk, can be placed on the; @xis within one translation period for
LaysNiz—xSho, and LaiNii1-Siis® steric reasons; and when we refined these positions with the
atom P6ym occupancy X y z By CP scattering factors for silicon atoms, the total occupancies for

LaoNi1 54Sis these sites were all greater than 2: 2.39(6), 2.22(8), 2.77(6),
Lal 61 0.999(2) 0.24140(5) 0.23084 1.41(1) a and 2.2(2) for L@Nix—xSiz, LagNi>—xSis, LausNiz—xSizo, and

(2 (5) (54 1) : ) ) _

La2 61 1.000(2) 0.52021(5) 0.13869(5Y4 0.90(1) b LaziNi11—4Siys, respectively. Furthermore, even if only two
Nil 4e 0.094(4)* 0 0.104(4) 0.9* e ili i i i ituati
NiZ 2 0904 Y 20 " 1.08(3) d SI!I(P:]O]? I:|;1toms were pla;c?d %n thg@(ls (ar:]I idealized anageon
Ni3 22 0.355(6) O 0 , 09 with full occupancy of the & position and a nonoccupiece4
Si 6h  0.984(8) 0.1639(2) 0.4453(2)Ys 1.01(4) g position) the silicon atoms in the resulting silicon chain would

LagNi 7suSis be only 218 pm apart (one-half of the translation pedpd his
Lal 6 1.001(2) 0.00996(4) 0.18316(5Y4 1.46(1) a distance may be compared to the considerably greateBiSi
La2 61 1.001(2) 0.40055(4) 0.26433(4Y, 0.85(1) b distance of 235.2 pm in the diamond modification of elemental
La3 & 1.001(2) 0.45525(4) 0.06803(4Ys 0.82(1) b silicon!® Hence, the occupation of theand 4 sites solel

Yy

Lad 2 0999(4) s s Ja 0.80(1) ¢ by silicon atoms can be ruled out for these compounds. A mixed
Nil 6h 0.974(5) 0.2821(1) 0.4991(1)Y, 0.93(3) d y Si . P F T
Ni2 4e 0.083(5)* 0 0 0.114(5) 0.9* e Ni/Si occupancy seems to be possible; however, for simplicity
Ni3 2a 0.335@8)* 0 0 A 0.9% f and in analogy with our previous wdkon Ndj;2Niz»—Siz; and
SiL & 097(1)  0.1677(2) 0.5522(2) 1/4 0.93(5) h NdsNi2-xSiz we refined the @ and 4 sites with the scattering
Siz & 098(1) 0.2329(2) 0.3293(2) Y 1.02(6) g factors of nickel atoms in the final refinement cycles. These

LausNig 62255110 resulted in the total occupancies of 1.09(3), 1.00(3), 1.24(3),
Lal €1 1.004(2) 0.13183(3) 0.14868(3)s 1.31(1) a and 0.99(8) nickel atoms on the two sites per cell of the four
La2 61 1.002(2) 0.32182(3) 0.12395(3Y, 0.84(1) b . : : . ) :
La3 & 0.997(2) 0.35616(3) 0.32177(a 0.84(1) b compounds LgNi1 sa2Sis, LasNi175(1)Sis, LagsNie 62(2)Sio, and
Lad 61 0.996(2) 0.50191(3) 0.08170(3Ys 0.82(1) b LapiNiio.493Sis, respectively. Since the occupancy of tre 2
La5 61 0.996(2) 0.53400(3) 0.28881(3Y4 0.88(1) ¢ site was found to be higher than that of thesite, the atom
m% gﬂ 8-332(3) g-igggg(g) 823822(55’4 8-3}1(3) g distributions are expected to be similar to those shown in the
N:3 le 0:156%* 0 ( )0 ) (6%1.090(2) 6.95* ) e two right-hanq col_umns of Figure 1. The atomic parameters
Ni4 2a 0.306(6)* O 0 y, 0.9* f and interatomic distances are summarized in Tables 2 and 3
Sil 6 0.979(8) 0.0623(1) 0.2584(1)Y, 0.95(5) g and further detailed in the Supporting Information.
Si2 61 0.978(8) 0.1103(1) 0.4851(1)Y4 0.90(5) h
Si4 X 0991 Y 2y 1, 0.77(6) i

LagiNiz0.40(zSis Of the two new compounds reported hereziN1;—4Siis
Lal 61 0.971(4) 0.10837(7) 0.12769(8Y4 1.52(3) a crystallizes with a new structure type (Figure 2), while
La2 e 1.009(4) 0.26894(6) 0.11175(6Y., 0.91(3) b LagsNi7—»Siyo is isotypic with PgsNi-Sie.* As mentioned above,
La3 @  1.016(4) 0.20214(6) 0.27500(6Y, 0.84(3) b the other two compounds, bMi,—«Siz and LgNi>—Sis, have
La4 6 1.003(4) 0.42280(6) 0.08350(6Y, 0.80(3) b 1 SEI2xol 2x28 .
La5 & 1.002(4) 0.44425(6) 0.25318(7s 0.78(2) ¢ already been reported. However, in contrast to these earlier
La6 6 0.992(4) 0.57502(6) 0.05055(6Y, 0.79(3) b structure determinations from film datd,we find ordered
La7 61 1.005(3) 0.59675(8) 0-22312(81)/4 0.78(2) ¢ distributions of the nickel and silicon atoms in these compounds.
Nil — 6h  1.002(8) 0.1173(1) 0.3272(1) /s 0.92(6) d The four structures are closely related, and they contain the same
Ni2 6h 0.963(9) 0.1498(1) 0.5117(1)Y, 0.94(6) d dinati Vhedra (Table 2 and Fi 3
Ni3  6h 1.01(1)  0.3030(1) 0.4838(1)%Ys 0.92(7) d coordination polyhedra (Table 2 and Figure 3).
Ni4 4e 0.08(1)* O 0 0.11(1) 0.9* e As an example for these four structures we will discuss that
Ni5 2c  097(1) Y, 3 Uy 0.64(8) d of Lap;Ni11Sizsin more detail, since it represents a new structure
Ni6 2a 0.34(2* 0 0 1, 0.9*  f : ; :
S & 098(2) 0.0432(3) 0.2123(4)Ys 120) g type. With g]'e EXCfptICi:‘l of the nlcklel ato[jns on t.he W)l/ckoff
S2 e 1.05(2) 00772(3) 0.3987(3)Ya 05(1) h position & ( igure ), a atoms are located on mirror planes,
Si3 & 0.95(2) 0.1117(3) 0.5848(3) Y, 0.8(1) h which are oriented perpendicular to the hexagonal axis. The
Si4 & 0.93(2) 0.2318(3) 0.3733(3) Y4 0.8(1) h lanthanum atoms form trigonal prisms which share all of their
Si5 e 103(2) 0.2618(4) 0.5527(4)%a 1.0(1) i trigonal faces and most of the rectangular faces with adjacent

aThe positional parameters have been standardized with the programtrigonal lanthanum prisms. The nickel and silicon atoms are
STRUCTURE TIDY? The third column contains occupancy values located inside these trigonal prisms.
which had been obtained in previous least-squares cycles. In the last The |anthanum atoms have three different kinds of environ-
cycles the ideal occupancy values (1.0) were assumed with the exceptio ; P ;
of those marked with asterisks. All atoms were refined with ellipsoidal r}n.ents, d95|gnateai, b, andq n Flgl.”e 3, with 15 (10 La!_ 2
displacement parameters. The table lists the equivalent isotropic values\i + 3 Si), 17 (10 Lat+ 2 Ni + 5 Si), and 20 (8 Lat 6 Ni +
Beq (x10% pi?), whereBqq = (4/3)[a*2By; + b*2By, + ¢*2Bas + a* b 6 Si) nearest neighbors. The coordination polyhe@roocurs
cosy Bz + a*c* cos B Bis + b*c* cos a Bygl. The only exceptions for the Lal atoms. It contains the nickel atoms Ni4 and Ni6 of
occur for those atoms where the occupancy parameters were refinedthe positions @ and 2, which are located on the;@&xes and
in the last cycles; for these atoms the isotropic displacement parametersyhich are only partially occupied. Most frequently this
(marked with asterisks) were held constant. The last column indicates coordination polyhedron will contain two of these nickel atoms
the coordination polyhedra CP shown in Figure 3. ; I - sy S

and occasionally it will contain one. Within the coordination

interatomic distances, occupation factors resulting from refine- polyhedra of the lanthanum atoms the-t3i interactions are
ments with nickel or silicon atoms at these positions, and probably the most important ones, as is reflected by the
chemical composition as determined by energy dispersive X-ray interatomic distances, which correlate with the coordination
fluorescence analyses. All of these arguments favored thenumbers. The average £&i distances are rather short for the
occupancy of the 2and 4 sites with nickel atoms. This is  Lal atom with 311.6 pm and three silicon neighbors. For the
also the case for the present four structure determinations.La2, La3, La4, and La6 atoms, which have five silicon
Certainly the occupancy of these two sites solely with silicon
atoms is not possible, because not more than two silicon atoms(13) Donohue, JThe Structures of the Elemen®iley: New York, 1974.
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Table 3. Interatomic Distances in the Structures ofN&Sis, LasNi>—4Sis, LaisNi7—xSito, and LaiNij1—xSizs?

LaﬁNi1_54Si3

Lal: INi3* 289.3 2Ni3* 362.9 2Lal 4383 2La2 3723 2La2 438.3 3Lal 3283 3Lal 289.3 2La2 317.0
2Nil* 296.3 4Lal 3629 La2: 2Ni2 307.0 2Lal 377.1 Nil: INi3 283.2 Ni2:3Si 2455 6Lal 362.9 1Lal 320.7
28i 3142 2La2 377.1 281 3170 2La2 386.0 3Lal 2963 6La2 307.0 Si: INi2 2455 2La2 321.0

1Si 320.7 1La2 406.6 2Si 3210 ILal 406.6 INil 310.3 Ni3:2Nil 283.2 2Lal 3142 {La2 3382
2Nil* 3283 {La2 409.6 1Si 3382 1Lal 409.6

LasNij 75Si3

Lal: INi3* 289.8 1La3 409.8 2Lal 376.2 2812 317.1 2La3 4344 1Si2 245.8 Ni3:2Ni2 276.1 1La3 3404

2Ni2* 295.7 ILa2 412.7 2La3 388.0 ISil 340.4 La4: 6Sil 322.6 2La2 301.7 3Lal 289.8 Si2: INil 245.8
28i2 3123 2Lal 4344 1La4 388.6 [La2 3714 6Nil 3249 2La3 305.9 6Lal 362.1 2Lal 3123
1Si2  318.7 La2: 2Nil 301.7 ILa3 411.5 2La3 386.4 3La2 388.6 2La4 324.9 Sil: INil 239.3 2La3 317.1
2Ni2* 330.2 2811 312.9 1Lal 412.7 2La2 388.0 3La3 394.6 Ni2: INi3 276.1 INil 2409 iLal 318.7
4Lal  362.1 28i2 321.6 2La2 434.4 iLa4 394.5 2La4 434.4 3Lal 295.7 2La2 3129 2La2 321.6

2Ni3* 362.1 1Si2 337.7 La3: 2Nil 3059 ILal 409.8 Nil: 1Si1 2393 INi2 316.6 2La3 314.6 1La2 337.7
2La2 376.2 1La3 371.4 2Sil 3146 iLa2 4115 1Sil 2409 3Lal 330.2 2La4 322.6

Lay5Nig 625110

Lal: INi4* 285.0 28i3 3122 28i1 3173 1Si2 3419 2Ni2 3233 2La3 305.1 Ni4:3Lal 285.0 2La3 3143
2Ni3* 293.4 2Sil 322.1 1Si3 336.1 1La5 385.2 2Nil 329.1 2La5 329.1 2Ni3 287.1 2La5 3232
28il 3121 1Sil 3326 1La2 370.0 2La3 386.7 1Lad4 385.2 Ni2:1Si4 237.5 6Lal 358.6 1Lad4 3419
1Sil  316.4 1La3 370.0 2La4 386.7 fLaS 390.2 1La2 389.9 18i3 239.6 Sil: INil 244.1 Si3: INi2 239.6
2Ni3* 321.2 2Lal 3754 2La2 386.9 2La4 392.3 1Lad4 390.2 1Si2 2412 2Lal 312.1 INil 2404

2Ni4* 358.6 2La3 386.9 1La5 397.0 1La3 412.6 1La3 397.0 2La4 302.3 1Lal 3164 2La2 3122

4Lal 358.6 1La5 3899 ILal 411.5 1La2 4134 2LaS 4094 2La5 320.1 2La3 317.3 2La4 315.6

2La2 3754 1Lal 411.3 1Lad 412.6 2La4 435.1 2La5 435.1 2La5 3233 2La2 322.1 2La5 323.0

ILa2 4113 1La4 413.4 2La3 435.1 La5: 2Ni2 320.1 Nil: 1Si2 238.7 Ni3: INi4 287.1 1La2 332.6 1La3 336.1

1La3 411.5 2La2 435.1 La4: 2Ni2 302.3 2814 3213 18i3 2404 3Lal 293.4 Si2: INil 238.7 Si4: 3Ni2 237.6

2Lal 435.1 La3: 2Nil 305.1 28i2 3137 2813 323.0 1Sil 244.1 INi3 296.1 INi2 241.2 6La5 321.3
La2: 2Nil 3003 28i2 3143 28i3 315.6 2812 3232 2La2 300.3 3Lal 3212 2La4 313.7

Laz; Nij.49Siss
Lal: INi6* 2894 1La5 391.0 2813 314.0 1La2 391.0 28i3 321.5 Ni2:18i3 2375 6La7 319.9 INi3 2379
2Ni4* 296.1 1Lal 410.5 1Si2 341.6 1La3 398.4 28i5 3217 1Si5 238.3 Ni6:2Ni4 280.2 2Lad4 3140

28il 3095 1Lad4 412.1 2La3 384.9 1La7 408.8 2Ni3 323.9 1Si2 240.8 3Lal 289.4 2La6 316.9
ISil - 3158 2La2 435.2 1La7 387.4 1La7 411.6 2815 3239 2La6 303.2 6Lal 362.1 2La7 321.5
2Ni4* 3283 La3: 2Nil 305.0 1La5 388.5 2La5 4352 2Ni2 327.0 2La5 317.3 Sil: INil 244.8 1La6 344.9
2Ni6* 362.1 28i2 312.8 2La6 393.7 La6: 2Ni2 303.2 1La4 387.4 2La7 327.0 2Lal 309.5 Si4: INi3 235.5
4Lal  362.1 2Sil 318.0 1La2 412.1 2812 313.6 iLa6 395.2 Ni3:1Si5 233.9 1Lal 315.8 INil 2422
2La2 3719 1Si4 336.8 1La6 415.4 2813 316.9 2La7 406.2 1Si4 2355 2La3 318.0 2La2 313.8
1La3 409.1 1La2 371.4 2La4 435.2 1Si3 3449 1La5 408.8 18i3 2379 2La2 3237 2La4 313.9
tLa2 4105 2La4 384.9 LaS: 2Ni2 317.3 1LaS 384.8 ILaS 411.6 2La4 300.2 1La2 3303 2Las 322.1
2Lal 4352 2La2 387.4 28i5 3177 2La6 388.4 2La7 435.2 2La5 323.0 Si2: INil 238.0 1La3 336.8

La2: 2Nil  300.6 1LaS 398.4 28i4 322.1 2La4 393.7 Nil: 1Si2 238.0 2La7 323.9 INi2 240.8 Si5: INi3 2339
2Si4  313.8 1Lal 409.1 2Ni3 323.0 fLa7 395.2 1Si4 242.2 Nid: INi6 280.2 2La3 3128 INi2 2383
28il 3237 1La6 410.7 28i2 3247 1La3 410.7 1Si1 2448 3Lal 296.1 2La6 313.6 INi5 2422
1Sil 3303 2La3 435.2 2Nil 330.6 1La4 415.4 2La2 300.6 INi4 309.9 2La5 324.7 2La5 317.7
1La3 371.4 La4: 2Ni3 300.2 1La6 384.8 2La6 435.2 2La3 305.0 3Lal 3283 1La4 341.6 2La7 321.7
2Lal 3719 2S8i4 313.9 1La4 388.5 La7: 2Ni5 319.9 2La5 330.6 Ni5:3Si5 242.2 Si3: INi2 237.5 2La7 323.9
2La3 3874

a All distances shorter than 490 pm (t&a), 380 pm (La-Ni, La—Si, Ni—Si, Si—Si), and 330 pm (N+Ni) are listed. Standard deviations are
all less than 0.7 pm. The polyhedra of the Lal atoms of all four structures contain the nickel atoms of the partially occupied sitesaxeshe 6
which are marked with asterisks. For steric reasons only one or two of these nickel sites can be occupied at the same time.

L ] O.
9 Lay4NiySiss (o) .0

Figure 2. Projection of the LaNi11—xSiis Structure along the hexagonal axis. The numbers inside the circles represent the atom designations of the
lanthanum atoms. The other atom designations in the lower left-hand and upper right-hand parts of the outlined cell correspond to the nickel and
silicon atoms, respectively. In the right-hand part of the figure the trigonal prisms of lanthanum atoms surrounding the nickel and silicon atoms are
emphasized.

neighbors, they are longer: 321.1, 319.7, 319.5, and 321.2 pm,neighbors they are the longest: 321.5 and 322.4 pm, respec-
respectively. And for the La5 and La7 atoms with six silicon tively. The La—Ni interactions are certainly also bonding: the
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nickel and one rare earth, or with three nickel atoms outside
the rectangular faces of the trigonal rare earth prisms (coordina-
tion polyhedrag, h, andi of Figure 3).

The crystal structures of the compounds with the idealized
formulas LaNi28i3, L%NizSig, La15Ni78i10, and LalNinSils
reported here belong to a large family of structures with a metal:
metalloid ratio close to or exactly 2:1. Most of these are ternary

Q=) compounds with two kinds of metal atoms: large, electropositive
d metals, e.g., lanthanoids, actinoids, and early transition elements,
which we designate with the lett&in the present paper, and
late transition metals, here designated wikth The most
common metalloidd are silicon and phosphorig21%29 |n
g h i all of these structures almost all atoms are located on two mirror
OO la OONi ®eSi planes, which extend perpendicular to the short translation
Figure 3. Coordination polyhedra occurring in the structures of-La  Period, and almost all metalloid atoms are situated in trigonal
Ni,Sis, LasNi,Sis, LagsNizSizo, and La;iNiy;Siis. The symbolsa—i prisms formed by th&k and/orT atoms.

correspond to the atom designations as indicated in Table 2. All  |n the lanthanum nickel silicides characterized here, not only
coordin_atiotnl polyhedrg_ c?nta;intr:nirror_ pl?nesa_whig:h ar$horie_nt|?oll all silicon but also most of the nickel atoms are surrounded by
approximate erpendicular to the projection airections. € nicke : : :
pggitions on t%ug ﬁe?xes are designate%l vflith asterisks. Not all of these lanthanum atoms. These trigonal prisms are all oriented parallel
partially occupied positions are shown, but all corresponding interatomic to each qther, and they share most Pf th.elr. rectangular fgces,
distances are listed in Table 3. thus forming larger triangular prismatic building blocks, which
are emphasized in Figure 4, where they appear as large triangles
corresponding distances cover the range between 300.2 andn the projections along the hexagonal axes. Each hexagonal
330.6 pm for the Laz La7 polyhedra, where all nickel positions  cell has two of these triangular building blocks, which are shifted
are fully occupied. The Lala distances extend between 362.1 relative to each other in the direction by half a translation
and 435.2 pm. In view of the large lanthanum content of the period. The edges of the triangles forming the cross sections
compound and considering that most of these distances arepf the triangular building blocks consist af= 2, 3, 4, and 5
similar to the average L-aLa distance of 375.4 pmin elemental  |anthanum triangles in the compoundssN&Sis (idealized cell
lanthanumt® the La—La interactions will also contribute to the  content: La,Ni 4Sie), LasNi2Sis (LapgNigSi1o), LagsNizSizo (Lage
stability of the compounds. Ni14Sipo), and LaiNi11Siis (LausNizsSisg), respectively. The
Most nickel atoms are situated in a trigonal prism of general formula for these compoundRis: 1+ 2)Nin—1y2Sinn+1)
lanthanum atoms with three silicon atoms outside the rectangulartThe most simple compound of this series §N&Si” with n =
faces of that prism, thus increasing the coordination number to 1 is not known; however, the Corresponding structure has been
9 (polyhedrord of Figure 3). The Ni-Si distances are all rather  reported for the binary compound with the idealized formula
short. They vary between 233.9 and 244.8 pm. These valuesgr;Ru, by Fornasini and Palenzo#.
are only slightly greater than the sum of the single-bond radii  Figure 4 also shows another series of hexagonal structures
(232.7 pm) for silicon (117.3 pm) and nickel (115.4 pm) given formed by thorium or uranium as thR component, late
by Paulingt® The Ni4 and Ni6 atoms of LaNi11Shs are  transition elements as tiiecomponent, and phosphorus as the
be fully occupied as already discussed. They have octahedrakith Fe,P type structure, TiNi1oP/32 and WNi1P/33:34with Zrp-
and tricapped trigonal prismatic lanthanum coordination with Fe P, structures TheNisP;532 and WNigP1s% with ZrgNisgPis
additional nickel atoms above and below (coordination poly-
hedrae and f in Figure 3). At first sight the coordination  (19) varmolyuk, Ya. P.; Aksel'rud, L. GSa. Phys. Crystallogr1983
polyhedronf of the Ni6 atoms seems to violate the “waist- 28, 653.
contact-restriction rule”, which states that transition metal atoms (20) PartheE.; Chabot, B. I'Handbook on the Physics and Chemistry of
. . - Rare Earths Gschneidner, K. A., Jr., Eyring, L., Eds.; North-
located in trigonal prisms of rare earth atoms should not have Holland: Amsterdam, 1984; Vol. 6, pp 13334,
contact to rare earth or transition element atoms outside the(21) Madar, R.; Ghetta, V.; Dhahri, E.; Chaudouet, P.; Senateur, I. P.
rectangular faces of the prisrhs. However, this rule is only Solid State Chenl.987, 66, 73. )
applicable for trigonal prisms which are elongated along the 2 1pl'va”' J--Y.; Gien, R.; Sergent, MJ. Solid State Cheni987 68,
trigonal axis, as is usually the caSe® In contrast, the trigonal (23) Ku.z’ma, Yu. B.; Chykhrii, S. I. InHandbook on the Physics and
prisms of the Ianthqnum atoms in thg coordingtion polyhedron ('\llhethiatcr)ﬁ(;;]fd.Rexfn Sg;&hﬁ}sclhgngeéq%rélK.z?-, Jrés?ér‘ilng, L., Eds;
f are compressed with an averagratio (as defined by Parthe (24) K(L)Jrz’ma, Yu. B.; Babizhets'ki, V. S.; chykﬁrFi)i?s. I.; Oryshchyn, S.
et all’) of ~0.87 in the four compounds, and therefore the waist- V.. Pecharskii, V. K.Z. Anorg. Allg. Chem1993 619, 587.
contact-restriction rule does not apply here. ggg éimerggr,PB. “l_|e ilseéthskc:k\(/)y \g%." gréstzgogrh elr?fégéofigsgf
The silicon atoms are also located in trigonal prisms formed UEDE, 1., JEISCNKO, V. ; :
by rare earth atoms with one nickel and two rare earth, two gg ﬁ:ggmg: ‘J]: : jg:ggﬂtg m: iﬁggsséagg&hleggg %54]}147;1.80'

(29) Chykhrii, S. I.; Babizhets'kii, V. S.; Oryshchyn, S. V.; Kuz’'ma, Yu.

(14) Gelato, L. M.; PartheE. J. Appl. Crystallogr.1987, 20, 139. B.; Aksel'rud, L. G.J. Alloys Compd1997, 259, 186.

(15) (a) Teatum, K.; Gschneidner, K. A., Jr.; WaberA-2345 U.S. (30) Fornasini, M. L.; Palenzona, &. Kristallogr. 199Q 192, 249.
Department of Commerce: Washington, DC, 1960. (b) Pearson, W. (31) Rundgqvist, S.; Jellinek, FActa Chem. Scand.959 13, 425.
B. The Crystal Chemistry and Physics of Metals and Allaydey: (32) Albering, J. H.; Jeitschko, WZ. Kristallogr. Suppl 1993 7, 5.
New York, 1972. (33) Probst, H.; Mewis, AZ. Anorg. Allg. Chem1991, 597, 173.

(16) Pauling, LThe Chemical BondCornell University Press: Ithaca, NY, (34) Jeitschko, W.; Pollmeier, P. G.; Meisen, W.Alloys Compd1993
1967. 196, 105.

(17) PartheE.; Chabot, B.; Hovestreydt, Bcta Crystallogr.1983 B39, (35) Ganglberger, BEMonatsh. Chem1968 99, 557.
596. (36) Trog R.; Kaczorowski, D.; Noe H.; Le Bihan, T.J. Alloys Compd.

(18) PartheE.; Hovestreydt, EJ. Less-Common Met985 110, 307. 1992 184, L27.



5436 Inorganic Chemistry, Vol. 37, No. 21, 1998

R;NiSi
(ordered
Er;Ru, type)

LagNi,Si;
(CeeNi,Si, type)

LagNi,Si;
(CesNi,Si, type)

LasNi;Siyg
(Pr,sNi;Si,o
type)

La,Ni;;Siys
(own type)

R(n+1 ¥n+2) Tn(n—1 )+2Mn(n+1 )

Prots’ and Jeitschko

Ni,P
(Fe,P type)

Th,Niy,P,
UoNi P,

(Zr;Fes,P, type)

TheNiyPys
UgNizoPys
(ZrgNixP,; type)

OB

SO

-4%@4‘%?. ThoNigPy
((La, ce)ﬁth\;;E)F(;Z)1

ThyC042P3
UzoNigPss
(own type)

Rn(n—1 ) 7-(n+1 )(n+2)Mn(n+1 1

Figure 4. The compounds of two related structural series with the general formRlasn+2) Tnin—1+2Mnn+1) aNd Ryn-1) T e 2Mnnay+1. Large
open circles: La, Th, or U. Small open circles: Co or Ni. Filled circles: Sior P. The letiethe general formulas indicates the number of joined
trigonal prisms along one of the basal edges of the trigonal building blocks.

structure3” ThyoNizeP2132 with a structure first described for
(La,Ce)-RhgoP21,%8 and the two unpublished phosphides,Fh

CagP3; and WoNigoPs31.3° This series of phosphides was
recognized earliet}22 however, few examples were known

Rin+1)(n+2) Tain—1+2Mnn+1) given above for the series of lantha-
num nickel silicides. The major difference between the two
series results from the fact that most positions of fhend T
atoms in the two series are interchanged (disregarding differ-

at that time, and in some of these examples the positionsences in the heightsof the projection direction, as discussed

at the @ axis (0, 0,2) were reported as unoccupiétl. The
general formula of this series Ryn-1)T(n+1)n+2)Mnnt+1y+1. 1t
can be seen that this formula is similar to the formula

(37) Guein, R.; El Ghadraoui, E. H.; Pivan, J.-Y.; Padiou, J.; Sergent, M.
Mater. Res. Bull1984 19, 1257.

(38) Pivan, J.-Y.; Guén, R. J. Less-Common Me1986 120, 247.

(39) Albering, J.Struktur und Eigenschaften teénea Actinoid-Ubergangs-
metall-Phosphide undhalicher VerbindungenPh.D. Thesis, Uni-
versita Munster, Germany, 1994.

(40) Chykhrii, S. I.; Babizhets'kii, V. S.; Oryshchyn, S. V.; Aksel'rud, L.
G.; Kuz’'ma, Yu. B.Crystallogr. Rep1993 38, 569.

in the next paragraph). A minor difference is due to the
occupancy of the sites 0, Dat the & (or 6) axes. In the silicide
series the formula results from the assumption that no more
than twoT (nickel) atoms of the cell content can be situated at
the positions 0, 0z, whereas in the formula for the phosphides
no more than oneM (phosphorus) atom can occupy these
positions. This difference results from the fact that the
condensed trigonal prisms forming the major part of the cell
content are composed of the (large)atoms in the silicides
and of the (small)T atoms in the phosphides. Hence, the
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Table 4. Systematics of Hexagonal Structures with Metal:Metalloid Ratios Close fo 2:1

101 P6m2 1 201 PBm2 4 301 PBm2 9 401 PBm2 16 501 PBm2 25 601 P6m2 36 701 P6m2 49
WC (45) a-UCrgP4 (47) Gd4Coq5(Si, P)g(42) CegNixgPq2 b(49) TbygNizgPo2 b(20) Tby5NiggP33 b(2g9) RagTg1Mag R(n_1)2T,,(,,+2)_2M,.,2
BaPtSb (46) UMoysPy (48) UgCosSigs (7)
111 P62m 3 211 P6 7 311 P8 13 411 PB 21 511 FB 31 611 P8 43 711 P6 57
Fe,P (31) CrigP7 (50, 51) RhygSiy3 (52) TagMy4 T4gM3q TssMa3 T72Msg T(n+1)(n+2)Mn(n+1)+1
RsT™ CegNizSiy (3) CegNiSiz (1) PrisNizSiyg (4) LayNijySiss (54)  RsgTaoMyp R72T44Msg Rinetyne2) Tnin-1)+2Mn(ne1)
FesP (31) ZraFe Py (35) ZrgNizgP13 (37) (La, Ce)yoRhygPp1(38) UgoNigoP3y  (39)  TbysNizgPyq (40) R42T72Ms7 Rty Tty 2)Mn(ne1y+1
T14My7 RaT24M13 RgT3sM24 R12TsoM31 HoggNiggP 43 (55) RaoTeeMsy Rn(nays2Tn(n+5)Mn(nr 101
Zr NPy (53) LagRhy,P17 (56)
221 P&2m 12 321 FB 19 421 P8 28 521 FB 39 621 F% 52 721 P% 67
Hf2Co4P3 (57) YbgCos0P1g (43) UgCo3;Siqg (B0) UgCo51Sia3 (61)
Sc5CoqgP 12 (58) U,CragPqg (41, 48)
Tm3NipsAsqg (59)
331 P62m 27 431 P68 37 531 P6 49 631 FB 63 731 P8 79
hki SG K UgMoy4Pag (41, 44)
Formula (Ref.)
K=h2+hk+k2 441 P62m 48 541 P8 61 641 PB 76 741 FB 93

Nd4;NixoSizq (12)

aFor each compound the formula is listed together with the reference number (in parentheskks)) vitee of the strongest reflection in a
powder diagram (besides the reflection 002), the space group (SG), and the corresponding as defined in the legend in the lower left-hand
corner of this table. The general formulas of the series are listed in the last cdlTime.formulas CgNiagPi2,%° ThieNizsP22,2° and ThsNisgPs2°
were given in the original publications. According to the structural systematics the ideal formulassBigRzg ThiegNizsP2s, and ThsNisePss,

respectively.

ZI’GNi20P13

Ybg2Co30P19

Figure 5. The lattice constants and the indices of the strongest
reflections of hexagonal structures with a metal:metalloid ratio close
to 2:1. The metalloid atoms (filled circles) form a hexagonal sublattice
with the cell constané,. The cell constant of the real hexagonal cell
is defined by the equatioa = a)K'2, whereK = h? + hk + k? and
whereh andk are at the same time the indices of the strongest reflection
hkl. K also equals the number of metalloid atoms in the hexagonal
cell of the ideal structures. Occasionally some of the metalloid positions
are occupied by late transition metal atoms, and sometimes a few meta
positions are unoccupied. In the latter case these positions are indicate
by the symbold.

translation periodc is greater in the silicides than in the
phosphides. In reality there are fewer than two nickel atoms
(but more than one) per translation period on the 6-fold axis in
the silicides, as was discussed above.

The structures of the two series of Figure 4 were drawn
emphasizing the similarities. There is another major difference
between the two series. At first sight it may seem that the same
atomic positions are occupied in the two series. This, however,
is not the case. In the series of silicides on the left-hand side
of the figure, the atoms (Ni and Si) filling the condensed trigonal

of the projection direction. In each half of the hexagonal cell
they form a hexagonal net similar to the net of B atoms in the
AlB type structure. In contrast, tiRand phosphorus atoms
occupying the condensed trigonal prismsTofatoms in the
phosphide series are alternating in height with= /5.

Most of the X-ray powder patterns of the compounds shown
in Figure 4 show two very strong diffraction lines. One is the
reflection 002, and this is readily rationalized, since almost all
atoms of these compounds are situated on two mirror planes,
which are oriented perpendicular to the hexagareatis atz =
0 andz= 1/, or atz= Y4 andz= %, Hence, for the reflection
002 almost all atoms scatter in phase. The indices of the other
strong reflection have been recognized empirically to be related
to the size of the hexagonal cell by several autA®?84! This
is shown in Figure 5 using GE013(Si, Ph,*2 ZreNizSiy3,3” and
YhsCoz0P14*2 as examples, where the indices of these strongest
reflections are 301, 311, and 321, respectively. Generally, the
index| of these reflections is always 1, while the indi¢eand
k can be extracted from the unit cell in a manner as is shown
in Figure 5. The lattice constantis also related to these
andk values. It is defined by the equatian= ap K2, where
K =h2+ hk+ k2. The valueK is at the same time the number
of atoms situated in the centers of the trigonal prisms formed

' y the metal atoms. In the examples of Figure 5 the values of

are 9, 13, and 19 phosphorus (silicon) atoms, respectively.
These atoms form a hexagonal sublattice wéh as the
translation period. The reader may choose the phosphigie Th
CoyoP31%° (Z = 1) of Figure 4 as another example. It can be
extracted from that figure thdt = 5 andk = 1. Hence, the
strongest reflection of the tygekl in the powder diagram has
the indices 511, and there ake = 52 + (5)(1) + 1 = 31
phosphorus atoms in the cell.

(41) Brink, R. Strukturchemische Untersuchungean Phosphiden des
Urans mit Chrom oder Molybda Ph.D. Thesis, UniversitMiinster,
Germany, 1989.

(42) Jakubowski-Ripke, U.; Jeitschko, \&. Kristallogr. 1987, 178 116.

prisms formed by the lanthanum atoms are at the same height(43) Jeitschko, W.; Jakubowski-Ripke, @. Kristallogr. 1993 207, 69.



5438 Inorganic Chemistry, Vol. 37, No. 21, 1998 Prots’ and Jeitschko

As examples for the calculation of the lattice constarftem representative, and we have not attempted to list the general
the subcell lattice constary we take the series of the formula. The only exception is the series with JoidigePs3®
phosphides shown in Figure 4: JRi (NigPs), ThoNi1oP7, The- as example, for which Kuz’'ma and ChykRfiihave already

Ni2gP13, ThioNizgPo1, and ThoCosPs1, whereK = h? + hk + given a general formula and the compositions of the hypothetical
k? equals 3, 7, 13, 21, and 31, respectively. The aveaggd examples.

the hexagonal subcell of these phosphides is close to 360 pm, The space groups of the compounds listed in Table 4 also
and the lattice constantscalculated from the relatioa = ag show some systematics. The compounds listed in lines 2 and
KY2 are 952, 1297, 1649, and 2004 pm, as compared to the3 have the reflectioh01 as a very strong reflection, and their
observed values 911, 1281, 1669, and 2060 pm. The analogougpace group i$6m2. The compounds with the very strong
relationship exists also for the series of lanthanum nickel reflections hhl all crystallize with the space group62m.
silicides of Figure 4: LgNi,Sis (cell content LaNisSie), Las- Finally all other compounds are listed here with the space group
Ni2Siz (LazoNigSiia), LagsNizSiio (LagoNi14Sizo), and LaiNiis- P6. This space group is correct when the atoms at the positions
S (LaazNi2zSisg). For these compounds the number of silicon 0, 0, z are fully ordered. Frequently this is not the case, and
atoms per cell i — 1, since the small atoms at the positions then these structures are better refined in the space @eyp

0, 0,z are nickel instead of silicon atoms. The averagef m. This has been discussed in detail elsewliere.
the hexagonal subcell of these silicides is close to 445 pm, and _
the lattice constanta calculated from the relatioa = ag K/ Acknowledgment. We thank Dipl. Ing. U. Ch. Rodewald

are 1177, 1604, 2039, and 2478 pm as compared to the observefpr the collection of the single-crystal diffractometer data, Mr.
values 1224, 1624, 2021, and 2428 pm. In both the phosphideK. Wagner for the work at the scanning electron microscope,
and the silicide series there are systematic differences betweerfind Dr. G. Héer (Heraeus Quarzschmelze) for a generous gift
the calculated and observed lattice constantsThese result  of silica tubes. Yu.M.P. is indebted to the Deutscher Akade-
from the varying Th:Ni and La:Ni ratios, respectively. If these mischer Austauschdienst (DAAD) and the Heinrich Hertz-
are taken into account, the agreement is much better, and inStiftung for research stipends. This work was also supported
fact the powder patterns of the compounds gf1d37P5s5,*! Ug- by the Fonds der Chemischen Industrie and the Deutsche
MogoP39,*1 44 U12M0102P67,41 44 UgMO74Pag, 4 *4and UpNi42P31% Forschungsgemeinschaft.

have been indexed on the basis of such structural systematics.
Subsequently the predicted structures @WVid74Ps9 and Uy data of LaNisSh, LaNis .S, LaseNis 1Sho, and LaNiss (Shs

NisPs, were refined from smgle-(_:ry_sl"él““ and powder dif- including anisotropic displacement parameters (Tables S1 and S2) (3

fractometer daté? respectively. Similarly, the model for the  a4es) " Ordering information is given on any current masthead page.

successfully refined structure of the presently reported silicide

Lay:Ni11Sihs was proposed by extrapolation of the recognized 'C980397W

structural relationships shown in Figure 4.
Another regularity concerns the occupancy of the site 2 (45) PartfieE.; Sadagopan, Wonatsh. Chem1962 93, 263.

1. 2/ 1 i ; (46) Wenski, G.; Mewis, AZ. Anorg. Allg. Chem1986 535 110.
(s, %3, "a) of the silicide seriesRn 1)n+2)Tnn-1)+2Mn(nt1) (47) Jeitschko, W.; Brink., RZ. Naturforsch.1992 47b, 192.

and the corresponding site in the phosphide series (48) Brink, R.; Jeitschko, WZ. Kristallogr. 1987, 178 34.
Ron—1) T+ 1)n+-2)Mnn-1)+1 Of Figure 4. In the silicide series this ~ (49) Babizhets'kii, V. S.; Chykhrii, S. I.; Oryshchyn, S. V.; Kuz’ma, Yu.
site is occupied alternatingly with Si, Ni, La, Si, Ni, La... atoms B. Russ. J. Inorg. Cheni992 37, 1372.

L . : B ht, H. E.; Boller, H.; N HA h. Cheml971, 1
forn=1, 2, 3, 4, 5, 6..., while in the phosphide series the (50) 3?;rec . ; Boller, H.; Nowotny, Hlonatsh. Chem 971, 102

corresponding sites are occupied by P, Th, Ni, P, Th, Ni... atoms, (51) Chun, H. K.; Carpenter, G. B\cta Crystallogr.1979 B35, 30.
respectively. (52) Engstim, |. Acta Chem. Scand.965 19, 1924.

: (53) Pollmeier, P.; Albering, J. H.; Jeitschko, \&. Kristallogr. Suppl.
In Table 4 we have made an attempt to list all hexagonal 1997 12 242,

structures which follow those structural systematics, which we (s4) This work.

have discussed above with the aid of Figure 5. The examples(55) Pivan, J.-Y.; Glrn, R.; Sergent, MMater. Res. Bull1985 20, 887.
shown in Figure 4 are listed in lines 5 and 6 of that table. In (6) BP"ff"}gJééY-z?ngmﬁ R.; Pena, O.; Padiou, J.; Sergent, Iater. Res.
the last column of that table the general formula is listed for (57, Gl;,;gmerger” EMonatsh. Cheml968 99, 566.

those series where more than one example is known. The othel58) Jeitschko, W.; Reinbold, E. Z. Naturforsch.1985 40b, 900.

Supporting Information Available: Listings of the crystallographic

examples, e.g., UM@Ps*149 UgC0s7Sips,” Zr-CrioPs,53 or Lag- (59) Terbiehte, L. J.; Jeitschko, WZ. Kristallogr. 1989 186, 291.
Rhe Pp 56 by Ig l\/h@ tg t EIJ 037. 25 h 2 tlf?l oo ale (60) Yarmolyuk, Ya. P.; Aksel'rud, L. G.; Fundamenskii, V. S.; Gladys-
201 €long 1o structural series where there Is only one hevskii, E. . Sa. Phys. Crystallogr198Q 25, 97.

(61) Aksel'rud, L. G.; Yarmolyuk, Ya. P.; Gladyshevskii, EDopov. Akad.
(44) Brink, R.; Jeitschko, WZ. Kristallogr. 1988 182, 46. Nauk Ukr. RSRL98Q 42A 79.




