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The 10 intermetallic compounds R7.x0S12Algi+y (R =Y, Nd, Sm, Gd—Tm) were prepared by arc-melting of the
elemental components. They crystallize with a hexagonal structure very similar to that of Y7,sRe12Als 3. The structure
was determined from four-circle diffractometer data of Y7.x0S12Alg1+y: P63/mem, a = 1301.5(2) pm, ¢ = 903.0(2)
pm, Z =1. Four atomic sites, all located on the 65 axis, show fractional occupancy, resulting in the composition
Y7.851)0S12Al61 5114, corresponding to the Pearson symbol hP90-8.63. The structure may be viewed as consisting
of alternating atomic layers of two kinds, although chemical bonding within and between the layers is of similar
character as can be judged from the near-neighbor environments, where all of the 11 atomic sites have high
coordination numbers. One kind of layers (A) is relatively loosely packed and contains the yttrium and some aluminum
atoms. The other kind (B) consists of the osmium and the remaining aluminum atoms in a nearly hexagonal
close-packed arrangement. These layers are stacked in the sequence ABAB. A similar building principle has recently
been recognized for several other structures of ternary intermetallic compounds of rare earth and transition metals
with a high content of aluminum or gallium, where the structures of CeOsGas, HosRusGass, and Y,PtsAl;s are the
most recent examples. This structural family is briefly reviewed. The cell volume of Yb7.xOS12Als1+y indicates a
mixed or intermediate valence character +2/+3 for the ytterbium atoms of this compound.

Introduction and RPtAls° Interesting physical properties of such

In recent years, a large number of ternary intermetallics compounds are observed when the rare earth component is

of rare earths R and transition metals T with a high content C€lum, europium, or ytterbium, in which cases the mixed
of a main group metal M (mostly aluminum or gallium) have valence, the heavy fermion behavior, and the magnetic order

been synthesized, e.g., the serie3 4/l with T = Rh, Ir! together with the electrical and thermal properties are
RT,Al, and %T4A|43 with T = early transition metal& investigated: 4 Metallurgists may find such aluminum-rich

R.RWGa, and RRuGE2° CeNigAl s CePdGat Gdy ax intermetallics to improve the mechanical properties of
Pt(Al, Si)s, and deP'fz(Al, Si)5,5""RAu,$I7,5b R3T4AI12With aluminum alloys® Here, our interest lies mainly in the

T = Ru, 08 RiRWGaws’ ReTrAlg_y With T = Cu, Ag® strugtural chemlstry of such .c.ompounds.
With osmium as the transition metal component, only a
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Rare Earth Osmium Aluminides

Table 1. Lattice Constants of Ternary Rare Earth Osmium Aluminides 1.38 Za
with the Y7+xRer2Ale1+y Type Structurg o
compound a(pm) ¢ (pm) V (nm?) 136l ©® \.\.\,ithemAlsny
Y 74x0812Al 614y 1300.8(2) 902.6(1) 1.3228 e
Nd7xOs12Al g1y 1308.7(2) 908.4(1) 1.3473 A °
Smy+xOs12Al 614y 1305.8(2) 906.3(1) 1.3383 c 134 A R Os A
Grx0s12A 614y 1302.5(2) 904.3(1) 1.3286 £ 70081210y
Th74:0512Al 614y 1301.9(2) 903.4(1) 1.3260 > A_
Dy7+xOs12Al 61:+y 1299.2(2) 902.3(1) 1.3189 132 4 A\A\
Ho7,x0s12Al 614y 1298.4(2) 901.5(1) 1.3162 ‘~A\A/A
Er74x081Al 614y 1297.6(2) 901.4(1) 1.3145
TM7x0s12Al g1y 1297.3(2) 900.3(1) 1.3122 e
Yb7:+xOs12Al 611y 1299.6(2) 902.4(1) 1.3198 ' Y "" La Ce Pr NdPmSmEu Gd Tb Dy Ho Er TmYb Lu

a Standard deviations in the place values of the last listed digits are given Figure 1. Cell volumes of the new osmium containing aluminides with
in parentheses throughout the paper. Y 7+xRerzAls1+y type structure as compared to the cell volumes of previously
reported*15 nearly isotypic rhenium compounds.

compounds RQ#\l 1o (R = La, Pr, Nd) have a much higher
aluminum content (with the atomic ratio R/Os/Al 8:15:
77) and crystallize with the YbRAI 1o type structuré? The

Table 2. Crystal Data for ¥+xOsi2Al1+y

space group P6s/mcm(No. 193)

o R . a (pm) 1301.5(2)
aluminides reported here have a similar composition (10: c (pm) 903.0(2)
15:75) as the latter series. They are formed with the smaller \Z’(”mg) 13247
rare earth elements including neodymium which also forms T(°C) 21
the YbFeAl o type compound. A(pm) 71.07

com posmor:j h\ﬁ_se(lpslel 61.51(4)
; ; Pearson code P90—8.63
Experimental Section formula mass 4641
Sample Preparation and Lattice ConstantsThe samples were Pczlt':crf_in@l/)cmz) 3'8822
prepared from the ele_mental_c_omponents by arc-melting. _The rare /é(,:)a 0.033
earth elements (nominal purities99.9%) were purchased in the R (F?)? 0.151

form of ingots which were cut to pieces prior to the cold-pressing.
Osmium &99.9%) and aluminum (Fluka; 99%) were purchased
as powders. The three components were mixed in the atomic ratio
1:2:12, pressed into pellets of approximately 150 mg, and arc-melted
under purified argon from both sides. The resulting buttons were Nonius CAD4 diffractometer using graphite-monochromated Mo
crushed and treated in diluted hydrochloric acid to remove minor Ko radiation,8/26 scans, a scintillation counter with pulse-height
amounts of some (unknown) impurities. discrimination, and background counts at both ends of each scan.
Compact pieces of the ternary aluminides have silvery metallic An empirical absorption correction was applied to the data on the
luster. The powders are black and stable in air for long periods of basis ofy scans. The crystal data are listed in Table 2 and in more
time. Energy-dispersive X-ray fluorescence analyses in a scanningdetail in a table of the Supporting Information.
electron microscope did not reveal any impurity elements heavier ~ The structure was solved and refined with the program package
than sodium. SHELX-9716 For the full-matrix least-squares refinements, atomic
The samples were further characterized with the Guinier scattering factors were used, corrected for anomalous dispersion
technique using monochromated CuwKradiation ando-quartz as provided by the program. The weighting scheme reflected the
(a = 491.30 pm,c = 540.46 pm) as an internal standard. To counting statistics, and an isotropic parameter correcting for
facilitate the assignment of indices to the resulting powder patterns, secondary extinction was optimized as a least-squares variable.
we calculated theoretical pattethgsing the positional parameters To check for the proper assignment of the atomic positions, we
of the structure resulting from the single-crystal investigation. The refined occupancy parameters together with variable displacement
lattice constants (Table 1) were obtained by least-squares fits. Theparameters and a fixed scale factor. No serious deviations from
cell volumes of the new osmium compounds are plotted in Figure the ideal occupancies were found for most atomic positions, where
1 together with those of previously reportétPrhenium compounds  the occupancy parameters varied between 97.9(4)% for the Y1
which have a very similar, albeit not entirely isotypic, crystal positions and 105.8(9)% for the AI5 position. These occupancy
structure. parameters were fixed at 100% during the final least-squares cycles.
Structure Determination. A single crystal of the yttrium Exceptions were all atomic positions situated on thexés, where
compound was selected for the structure determination on the basiduring the final least-squares cycles the occupancy parameters of
of Laue diffractograms. Intensity data were collected on an Enraf- two yttrium (Y2 and Y3) and two aluminum (Al6 and Al7) positions
were refined. The displacement parameters of these atoms could
not be varied. They were fixed to the average isotropic displacement
parameters of the corresponding atoms with full occupancy. The

AR = Y|Fo — |Fcll/YFo; Ry = [W(F? — FAHIW(FA? 1Y% w =
1[03(Fs?) + (0.0547P)2 + 340.65P], whereP = (maxF) + 2F»2)/3.

(11) (a) Grin’, Yu. N.; Gladyshevskii, R. EGallides (in Russian);
Metallurgia: Moscow, 1989. (b) Markiv, V. Ya.; Storozhenko, A. I.
Dopav. Akad. Nauk. Ukr. RSR, Ser. A: Fiz.-Mat. Tekh. Nal&i3

10, 941. highest 20 peaks in the final difference Fourier synthesis were all
(12) Thiede, V. M. T.; Ebel, Th.; Jeitschko, W. Mater. Chem1998 8, very close to fully occupied atomic positions, and therefore, they
125.

(13) Yvon, K. Jeitschko, W.: Parthé&. J. Appl. Crystallogr 1977 10 were not suited for additional atomic sites. The results of this

(14) Niemann, S.; Jeitschko, W. Alloys Compd1995 221, 235.
(15) Thiede, V. M. T.; Gerdes, M. H.; Rodewald, U. Ch.; Jeitschko JW.
Alloys Compd1997, 261, 54.

(16) Sheldrick, G. M.SHELX-97: a Program Package for the Solution
and Refinement of Crystal Structurémiversita Gottingen: Gitin-
gen, Germany, 1997.
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Table 3. Atomic Parameters of ¥gs1O0s12Al 61.51(4f

atom P6s/mcm occupancy X y z Bq

Y1 69 1 0.39191(4) O Yy 0.63(1)
Y2 de 0.099(2) O 0 0.2143(5) 0.63*
Y3 2a 0.731(3) O 0 Yy 0.63*
Os 12 1 0.20279(1) R 0 0.45(1)
All 12k 1 0.20120(9) O 0.0288(1) 0.89(2)
Al2 12k 1 0.61584(9) 0 0.1036(1) 0.87(2)
Al3 12j 1 0.16524(8) 0.28417(9)Y4 0.53(2)
Al 12 1 0.2703(2) 0.52548(9)Y4 0.99(3)
Al5 12i 1 0.58992(5) 2 0 0.48(1)
Al6 de 0.125(5) 0 0 0.087(2) 0.73*
Al7 2b 0.506(8) O 0 0 0.73*

aThe last column contains the equivalent isotrdpiealues (in units of
10* pr?), with the exception of those marked with an asterisk which were
held constant.

refinement, including the interatomic distances, are summarized in
Tables 2-4 and in two tables of the Supporting Information.

Discussion

The 10 new isotypic rare earth osmium aluminides are
represented by their cell volumes in Figure 1 together with Al2 (m) AI3 (m) Al4 (m)
the corresponding nearly isotypic rhenium compounds

reported earliet*'> Generally, these cell volumes follow a 9.42% g
smooth function. The upturn for ¥bOs,Al61+y indicates Q0= @ 171‘5\>\? q( A\ .
a mixed or intermediate-2/4+-3 valence of the ytterbium , {?/\‘\ \’ ‘@2 \ 11\\(\7%,
atoms in this compound. For a purely divalent state, the cell 2//!0\'9—.5 S é%é;ﬂ \ 4
volume of this compound would be much greater. L%\’jr‘u.) \35)/ g
The crystal structure of the rhenium compounds has been Al5 (2) Al6 (3m) AI7 (3m)

determined first for Y.szReAle1383 and Ha sxaRer _ o _

Alsy sy and subsequently also for GdoRehlsme LU 2, Coodnaton poyhec i the stuctie of sty e
Dy7soeRezAlsr17@4) and Lu s1aR€12Al 61.02(4)'° The some- positions of the Y2, Y3, Al6, and Al7 atoms, all situated on theaSis,
what variable composition of these compounds is due only have fractional occupancy. This affects their coordination polyhedra as well
to the ractional occupancy of the rare earth and aluminum 2 ¢ Fobecre o the neighbofng AL and A alome, 1yl of hese
sites at the 6-fold axis. It correlates with the atomic size of gjrection.

the rare earth elemerisand we expect a similar dependence

of the composition on the size of the rare earth atoms also The yttrium atoms Y1, Y2, and Y3 in ¥s10S12Al 61.51(4)

for the corresponding osmium compounds, reported here. Theoccupy three crystallographic sites with occupancies of
structure of the presently determined osmium compound 100%, 9.9(0.2)%, and 73.1(0.3)%, respectively. These large
Y 7.86010512Al 61.51(4) differs from that of the rhenium com-  atoms have high coordination numbers (CN) with 18 (Y1)
pounds in that three crystallographic sites were found at theand 20 (Y2 and Y3) neighbors, respectively. The coordina-
6-fold axis for the rhenium compounds and four sites for tion polyhedra are shown in Figure 2. It can be seen that the
the osmium compound. The fourth atomic site iRs¥uy Y2 and Y3 atoms have 18 aluminum neighbors. In addition,
OsioAlg151(4) iS the Al7 position at B, 0, 0, 0, with an they have a total of two additional neighbors at sites with
occupancy of 50.6(8)%. The neighboringsite, 0, 0, 0.086-  fractional occupancy (Y2, Y3, Al6, Al7) capping hexagons
(2), in the osmium compound has an occupancy of only 12.5-formed by the Al1 atoms.

(5)%. In the rhenium compounds. the occupancy of tte 4  The osmium atoms have 10 aluminum neighbors forming
site varies between 43(1)% for &gdaRe-Al 61.70a)and 25- a pentagonal antiprism which is capped by two yttrium atoms
(1)% for Luze1aRe12Ale1.02(4y The assignment of rare earth  (CN = 12). The average GsAl distance amounts to 263.9
and aluminum atoms and the order for the occupied sites onpm, considerably shorter than the sum of the EN12

the 6-fold axis was discussed at some length for the rhenium(“metallic”) radii of 278.4 pm (os= 135.2 pmr, = 143.2
compounds. The same assignments were assumed for thgm, as computed from the data given for the elemental
present refinement of the osmium compound. A total of 3.37 structures in Donohue’s monogrdg This indicates strong
atoms (1.86 Y+ 1.51 Al) need to be assigned to one Os—Al bonding.

translation period of 903 pm; i.e., the average shortest Al of the five aluminum sites with full occupancy (At
distance between two atoms on the 6-fold axis is rather shortA|5) have two osmium neighbors, between 7 and 10
with 268.0 pm. However, one has to consider that most of aluminum neighbors, and between 1 and 3 yttrium neighbors.
these atoms have lower coordination numbers than the atomsThe total CNs vary somewhat, not only from one central
at the fully occupied sites, and therefore, shorter interatomic
distances are to be expected. (17) Donohue, JThe Structures of the Elemenwiley: New York, 1974.
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Figure 3. Y7.2dRexAls13stype crystal structure of ¥.xOsi2Ale1+y. All atoms of this structure are shown in projections perpendicular and parallel to the
hexagonal axis in the upper left-hand part of the figure. Two kinds of atomic layers (A, B) can be discerned extending perpendicular to this ads. They a
shown on the right-hand side. Layers of type A coincide with mirror planes. They contain all yttrium and some aluminum atoms. Layers of type B contain

all osmium and the remaining aluminum atoms. They are puckered in such a way that the aluminum atoms form octahedra around the osmium atoms. These
octahedra are distorted and strongly compressed along the hexagoigbf the structure. They share corners and edges as is shown in the lower left-hand

side of the structure. Also shown is the sequence of the atomic sites of the Y2, Y3, Al6, and Al7 atoms with fractional occupancy located on the.6-fold axi

Of these interpenetrating atoms, only the outer Y2 and Al6 atoms are shown in the A and B layers.

aluminum atom to the other, but also because neighbors withsmall CN with only six All and two more neighbors (Y2,
the large Al2-Al2 and AI3—AI3 distances of 354.9 and Al6) above and below, on sites with fractional occupancy.
372.5 pm may be counted as neighbors or not. Another Thus, in view of the small CN of the Al7 atoms, the rather
variable results from the fractional occupancy of the Y2, Y3, short Al7—Y2 distance of 258.0 pm can be rationalized.
Al6, and Al7 positions (Figure 2). Thus, the total CNs for It has been commented by one reviewer that in view of
these five aluminum sites amount to between 12 and 14. Atthe small coordination number of the Al7 site this position
short distances, these aluminum atoms have between 7 andhight actually be occupied by oxygen atoms. In considering
9 aluminum neighbors with a weighted average of 281.2 pm, this possibility, one has to keep in mind that this site is quite
slightly shorter than the AtAl distance of 286.3 pm in  close to the two Al6 sites above and below with an Al6
elemental aluminum (fcc, CN= 12), thus indicating con-  Al6 distance of only 157 pm. Thus, only one of these three
siderable At-Al bonding, as could be expected for a com- positions (1Al7+ 2Al6) can be occupied at the same time.
pound with such a high content of aluminum. The sites of The total occupancy of these three sites with aluminum atoms
the Al6 and Al7 atoms have occupancies of only 12.5(0.5)% is 75.8% [0.506(8)+ (2 x 0.125(5))]. We have refined the
and 50.6(0.8)%, respectively. The Al6 site has 12 aluminum occupancy parameters for these sites assuming (again) fixed
neighbors at fully occupied positions, plus a total of one displacement parameters of 0.%310* pn? and using the
yttrium and one aluminum neighbors positioned at several scattering factor of oxygen. This resulted in a total occupancy
sites with fractional occupancy. The Al7 atoms have a rather of 136.2(-2.0)%. Assuming (for another least-squares

Inorganic Chemistry, Vol. 43, No. 10, 2004 3267



Niermann and Jeitschko

Table 4. Interatomic Distances in the Structure of g6ufOsi2Als1.51(f Al7 site to be occupied only by aluminum atoms. The
Y1: 2Al4 3047 All: 1AI7 2632  Al4: 20s  263.3 difference in the composition is sr_nall,_ gnd we preferred the
2AI3  310.0 20s  266.3 1AI3  272.7 latter formula, last not least for simplicity.
2Al1 3186 1AI2 266.5 2AI5  275.4 . S he rheni .
2AI2 3195 2AIL 267.0 A4 2762 In the earlier publications on the rhenium conj[alnlngggl
2A12  320.0 1Al6  267.0 2AI5  285.9 Re Al 6138 type compound$hi®the overall architecture of
4AIS 3344 2A18 2731 Y1 3047 the structure has not been discussed. We have now recog-
40s 3410 1Al6 281.9 2A12  317.0 ! ) e, _ g
Y2: (1Y3  32.3) 2AI3  286.9 Al5: 20s  256.2 nized that this structure may be viewed as belonging to a
8& 1(15‘5‘-% 1va 308 a2 2894 family of layered structures with a common building prin-
(1Al6  179.7) 1Y3 3293 2Al4 285.9 ciple. This is shown in Figure 3 with the structure of;¥
(1AI7 1935) 1Y2 3417 2AI5 2997 OsiAlg11y @s a new example. In the upper left-hand corner
1AI7  258.0 1Y2  349.9 2Y1 334.4 ; . ) S
1AI6 2718 1Y3 3633 A6 (1AI7  78.3) of that figure, the structure is shown in twp prOJecthns per-
gﬁ% g%gg Al %Xlzz 236823 ((11\2 1117552)) pendicular and parallel to the 6-fold axis. Two kinds of
1AI6 3363 " 1AL 2665 (1Als 156.6)  atomiclayers can be visualized, both extending perpendicular
3AIL 3417 20s  268.0 (1y2 179.7)  to the hexagonal axis. They are designated with the letters
3AIL 349.9 2AI5  269.4 3AI1  267.0 Pt ; ;
3AL 3863 SA3 2802 V2 2718 A and B and are shown at the r_|ght han(_j side of the figure.
1Y2 387.0 2Al4  317.0 3Al1L 281.9 The layers of the type A contain all yttrium atoms (of the
1vy3  419.2 1yl 3195 1AI6 294.9 interpenetrating Y2 and Y3 atoms, only the Y2 position is
Y3: (2Y2  32.3) 1Y1 320.0 1Y3  304.0 )
(2A16 147.5) 1AI2 354.9 1Y2 3363 shown) and some of the aluminum atoms. These layers are
(22AAI(|37 ggi-g) Al3: iglss 2?(?85-17 fﬁllf ??75332? situated on mirror planes, and therefore, with the exception
6AI3 3217 1A4 2727  AI7: (2A6  783) of the slightly displaced Y2 pogitions, these Iayers are com-
6AIl 3293 2AIL 273.1 (2v2 1935  pletely flat. These layers consist of a tessellation of mostly
6AIl  363.3 2A12 280.2 (2Y3 225.8) ;
Y2 4192 SAIL 2869 V2 2580 triangles, but also pentagons, and therefore, these layers are
Os: 2AI5  256.2 1Y1 310.0 BAIl  263.2 less densely packed than the layers of type B. These latter
%ﬁ:‘s‘ gggg gg §§§§ 2Al6  373.2 layers form a hexagonal close-packed arrangement. They
2AIl  266.3 2Al6 353.9 contain all osmium and the remaining aluminum atoms
g@'f %‘ﬁ-g 1AI3 372.5 (again, of the interpenetrating Al6 and Al7 atoms, only the

outer Al6 atoms are shown). These layers are somewhat
. aTtr;1ese_disl'[ancestv\lledretcal/(itljlIf\jt_e;j with the Ialtlticetﬁons;ggts as det(?_rr?ir;e(buckered in such a way that the osmium atoms obtain six
o e snglecrystl et A1 dtances smaller than 390 o € 152 aluminum neighbors within the plane, forming a strongly
at the 6 axis. Such distances may also be rather short but do not need to compressed and distorted ¢Adctahedron (this octahedron
occur because they extend between sites with fractional occupancy; in thatconsists of the Al1, Al2, and Al5 atoms; the four other
cose ey e st peneses, T standard devions e 1 <022 tuminum neighbors of the osmium atoms, the AI3 and Al
fractional occupancy, where they may be as large as 1.4 pm-AY&® atoms, belong to the adjacent layers A above and below).
Al —AI7) and 2.7 pm (AI6-AI6). The compressed Aloctahedra within the B layers share
refinement) that the Al6 sites are occupied by aluminum edges and corners, as is shown at the lower left-hand side
atoms, and oxygen is positioned only at the Al7 site, the of Figure 3.

total occupancy of the three adjacent sites is lowered to One unit mesh (the two-dimensional unit cell) of layer A
121.66-2.0)% [1.014(16)+ (2 x 0.101(5))]. Thus, we  has the composition JAl1, = 4YAl3 (counting the partially
consider it as very unlikely that the Al7 site is occupied solely occupied Y2 and Y3 sites with a total occupancy of 92.9%
by oxygen atoms. On the other hastmeoxygen may be  as one site). The layers B have a mesh content gAlQs
present at this site. Nevertheless, from its local environment (again counting the Al6 and Al7 positions with a total
with a CN of 8, it is certainly not a typical oxygen site. A occupancy of 75.8% as one site). The layers A and B are
mixed occupancy of one atomic site by two elements of very stacked in the sequence ABAB along tledirection,
different character, however, is not very appealing. Also, one resulting in an overall content for the three-dimensional cell
should keep in mind that this site with the Wyckoff of (2 x 4YAl3) + (2 x OsAlyg) yielding the formula ¥%-
designation B accounts for only 2.2% of all atomic sites of Os;,Ale, for the ideal composition.

the structure. Even if it were occupied to (say) 50% by  This building principle for several structures of interme-
oxygen atoms, corresponding to the formulas¥0si- tallic compounds with a high content of the main group
Algos0, this would amount to an oxygen content of only elements M has been recognized only recently for several
0.35 wt %. It would be very difficult to prove such a low (mainly) aluminides and gallidés. All of these structures
oxygen content or to exclude it during the synthesis. Finally, contain layers of the type A and B. However, it must be
we have refined this structure also assuming the Al7 site to emphasized that this is only a topological principle. Me-
be occupied by osmium atoms. Considering the interatomic chanically, the compounds show no preferred cleavage. In
distances, this is an attractive alternative, although the CNthat way, they resemble the close-packed structure of the
is low. This refinement (with the displacement parameter elements with AB stacking for the hexagonal close-packed
fixed at 0.56x 10* pn?) led to an occupancy of 6.6(1.3)%, structure, or ABC stacking for the cubic close-packed
corresponding to the formula 7¥s10S12.130Al60.52(3) as structure. Another, less well-known, family of intermetallics
compared to the formula MeO0Si2Ale1.51(4) @assuming the  with topologically layered character is the family of tetra-
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Table 5. Layered Topology of Some IntermetallicsTgM; with a High Content of the M Componént

structure type ratio stacking

R«TyM, (XR + yT)/zM space group z sequence literature
GRWAl 12 0.5833 P6s/mmc 2 ABAB 6,21
Y LoaGay 0.5556 Cmcm 4 ABAB 22,23
ErsPtAl 24 0.5417 P1 1 ABBAB 23
S FesSio 0.5306 P6s/mmc 1 ABBABB 9,24
CeOsGa 0.5 Pmma 6 ABAB 25
HosRwGars 0.4667 Pnma 4 ABAB 7
Y7.20Re12Al61.38 0.3141 P6s/mcm 1 ABAB 14, this work
CaCprAl1g 0.3 P4/nmm 4 ABAB 26, 27
YbFeAl 1o 0.3 Cmcm 4 ABAB 27-29
DyReAl ¢ 0.3 P1 5 ABABABABAB 30, 31
TbReAl 1 0.3 Cmcm 8 ABABABAB 27
LUR&AI 1¢° 0.3 Cmcm 12 ABABABABABAB 29, 30

2 The unit mesh contents,®, and TMm (n -+ m = 2) of the various layers A and B, respectively, are shown in FigufeThe structure of SeFesSis s
has been refined in space groBfis/mmcwith Z = 124 This is the subcell. For an ordered superstructure, the ideal compositiopFgAgs with Z = 2,
as has been demonstrated for the structures gP§®a;532 GdPiBAl15°2and Y2PAl 152 © The structure of DyRe&\l 10 has been refined in space groRp.
The true symmetry is probably high&r.d For the structures of ThRAl 10 and LUReAl 1o, there are two ways of distinguishing layers A and B with different
sizes of the unit mesh. With small mesh contents, they have 8- and 12-layer sequences aagstirespectively, as shown in the table. With large mesh
contents, they both have a 4-layer sequence along-direction with the stacking sequence ABARB-or these structures, only the small meshes corresponding
to the stacking along theaxis are shown in Figure 5.

VAVAVARVAY IR
VAVAVAVAVAVAVAVAN S
AVAYAVAVAVAVAVAVAN JISSISIAS
VaVAVAVAYAYAVAVAV, ARIKIAIK
\WAVAVAVAVAVAVAVAY, > DX K

: SIS
B [P PXPX >
TeMiyq 6TM, 3TM, 4TM™, 3TV,
Y7 2gRe45Alg4 35 Y,Co,Gag Er,Pt;Aly, GdzRu,Aly, CeOsGa,
Sc,FegSiyg
A
SNARZKNAN,
NONNNVNY
B VAVAVAYAYAVAVAVAY
\VAVAYAVAVAVAYAY,
4T,M, 2TM, 4TM,
HosRu,Ga,5 CaCr,Aly, DyReoAl;y YbFe,Al o
LuRe,Al
TbRe,Aly,

Figure 4. Atomic layers A and B of the ¥2dRer-Ale1.38 type structure as compared to the corresponding layers in various other structurdshf R
compounds with layered topology (R Ca and rare earth elements=TCr and late transition metals, & Si, Al, and Ga). In the upper left-hand corner,

the layers of the Y.dReAl61 38type structure are shown. One unit mesh of the A layers in this structure contains four formula uni{@R®E). The B

layers of this structure have a unit mesh content ofARe (TsM1g). In this, like in most other structures of this structural family with layered topology,
layers of types A and B alternate, resulting in the ideal formuReAls2 [(2 x 4YAIl3) + (2 x ResAl1g)]. The layers of the other structures are drawn
analogously. Layers of type A are flat and loosely packed. Layers of type B consist of hexagonal close-packed atoms. They are slightly puckered. Furth
details may be gathered from Table 5.
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hedrally close-packed structures of which thephase, has been recognized. It can be seen that in most structures
the 5-W (W30;-y, Cr3Si, A15) type phases, and the Laves the layers of type A and the layers of type B alternate.
phases are probably the best known examjie8. The Exceptions are the structure of,PiAl 24 with the stacking

metals with hexagonal or cubic close-packed structures aresequence ABBAB and the structure of;36&;Sis g with the
ductile. In contrast, the intermetallics with tetrahedrally close- stacking sequence ABBABB. In all of these structures, the
packed structures are brittle and can easily be ground tolayers of type A are flat and relatively loosely packed. They
powders. This is also the case for the intermetallics discussedcontain all of the large electropositive atomic components
here. R (mostly rare earth elements) and, in addition, a portion of
Table 5 lists all of the examples which we have recognized the main group elements M. The layers of type B are always
as belonging to this structural family. They are arranged in hexagonal close-packed, but slightly puckered. They contain
this table according to the content of the main group elementsg|| of the transition metal atoms T and the remaining portion
M (mostly aluminum or gallium, but also silicon, and of the main group elements. The structures ofRdAl ;5,2
furthermore, some of these structure types may havey,Co,Ga,22 and CaCsAl;2® have been known for some
representatives with other M components, e.gsRban;. time, but their belonging to this family of layered structures
has GdRwAl1, type structur®). This table also lists the  has peen recognized only recerfth?2” Another recent
space group, the cell contefif the stacking sequence, and  addition to this family of structures with layered topology
the references to the original structure determinations, as wellis the structure of YPiAl45° This structure is an ordered
as to the publications where the common building principle syperstructure with a hexagonal subcell first determined for
the silicide Sg¢JFeSigs.?* In Figure 4, the various layers of

(18) Frank, F. C.; Kasper, J. 8cta Crystallogr.1958 11, 184.
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