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The crystal structures of the ternary compounds TbhePdAl; (hP14-4.67, P6s/mmc a= 4.394(4),
¢ = 9.372(6) A) and GgsPt:Alg (hR51-14.00,R m, a=4.3090(14)c = 38.54(2) A) were refined from X-ray
single-crystal diffraction data. They contain mono#&omic layers stacked along [001] with ordered or
disordered distribution of rare-earth-metal atoms and Al-atom triangles. Together with the structuresof
Y,C0sGay, SGeFeSis, ErsPtsAlos, and ErNizAlg, they form a family of intergrowth structures built up of
three kinds of monoatomic layer. Analyzing the reltive positions of the monoatomic layers, some basic

stacking rules, which may help to predict new strutures, are formulated.

Aluminide / Rare-earth metal / Noble metal / Singlecrystal X-ray diffraction / Intergrowth layered st ructure

Introduction

The Al-rich parts of the phase diagrams RfT-Al
systems, whereR is a rare-earth metal andl a
d-element of group VIII, appear to be very
complicated and a large number of ternary compounds
containing >60 at.% Al have been reportéd.
Ternary aluminides crystallizing with 28 different
structure types are listed irable 1 Nine types among
these,i.e. ErNizAlg [16], DyNizAlg [16], S ¢#&Sis
[19], GdisPBAlg [20], EnsPEAlg [21], ErPbAly,
[21], Y4PBAl,, [21], Y.Co:Ga [22], and HeRhsAlg
[23], are characterized by the presence of Al-atom
triangles. These triangles and rare-earth-metahsito
are distributed in the ratio 1:2 in layers. Such
compounds form in a rather narrow range of Al
content (64.3-69.2 at.%) and their structures may b
completely decomposed into monoatomic (one-atom
thick) layers.

The aim of the peresent work was to study this
group of ternary aluminides containing ordered or
disordered layers wittR atoms and Al triangles,
formulate some basic stacking rules for the |layans,
search for new representatives with rare-earth Iseta
andd-elements of group VIILI.

Experimental
Alloys were synthesized from the elements

(Tb  99.83 wt.%, Gd 99.86 wt.%, Pd 99.9 wt.%,
Pt 99.9 wt.%, Al 99.998 wt.%) by arc melting in a
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water-cooled copper crucible under a purified argon
atmosphere, using Ti as a getter and a tungsten
electrode. The ingots were annealed at 600°C in
quartz ampoules under vacuum for 1 month and
subsequently quenched in cold water. The weight
losses during the preparation of the samples vem® |
than 0.5 % of the total mass, which was 1 g foheac
alloy.

Single crystals were extracted from alloys of
nominal compositions THPdAles and GdsPhiAlgs
(in at.%). They were mounted on glass fibers and
X-ray diffraction data were collected in the2 scan
mode at room temperature on a CAD-4T
diffractometer (MoK radiation, = 0.71073 A). An
analytical absorption correction was applied. No
significant variation of the intensities was obsatv
during the data collections. Cell parameters were
obtained by a least-squares refinement of the arafle
25 reflections for each crystal. For the Th-coritagn
crystal, the systematic extinctionshh{ and O00:
| = 2n+1) indicated as possible space gro&gsmc
P 2c, andP6s/mmc[27]. The structure was solved by
direct methods in the centrosymmetric space group
P6s/mm¢ using the SHELXS-97 progran28],
leading to the composition FhPdAl;. A full-matrix
least-squares refinement of the positional and
anisotropic displacement parameters was performed
on F? using the SHELXL-97 prograni28]. Trial
refinements in the noncentrosymmetric space groups
P6smc and P 2c did not improve the results. In the
case of the Gd-containing crystal, the atomic
coordinates reported for @ePtAlg (space group
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Table 1 Structure types of ternary aluminides of rareteanetals andl-elements of group VIII containing
>60 at.% Al[1].

At.% Al Compound Structure type Pearson Space Ref.
symbol group
76.9 RFeAl ;o (R=Y, La-Nd, Sm, Gd-Lu), YbFeAl 0FH2 Cmcm [2]
RRWAIl, (R=Y, La-Nd, Sm, Gd, Tb, Ho, Er),
ROsAl o (R= La, Pr, Nd)
76.1 Rs.6405Al 3060 (R = Nd, Sm, Gd-Yb) ¥ 6dR6Al 3060 | NP88-7.34 | P6/mcm | [3]
75.6 Y3.0d0%Al 30,75 Y3.0808Al 3075 | hP90-8.63 | P6s/mem | [4]
75.5 NdRhAl 15.37 NdRh;AI 15.37 tP96-14.51 P42/nmC [5]
75.0 CeRUAl 15 CeRuAl 5 hP80 P6s/mcm | [6]
75.0 SmOsAl 15 SmOsAl 15 hP84-4.00 | P6s/mcm | [7]
75.0 EuCeAlgy BaFeAlq hP12 P6/mmm | [8]
72.7 RFeAlg (R = La-Pr), CeFeAlg oP44 Pbam [9]
RCoAlg (R=Pr, Sm, Yb)
72.6 CeRplgAl10.17 CeRuy gAl 017 | 0164-8.00 Imma [10]
70.4 RsNisAl19 (R=Y, Gd-Tm, Lu) GdNisAl 9 0S108 Cmcm [11]
70.4 PsCosAl 19 U,CaosAl 19 mS108 C2/m [12]
70.0 LaNiAl, La,NiAl ; t140 [4mm [13]
69.7 RiNigAl,3 (R=Y, Ce, Sm, Gd, Yb) WigAl 53 m36 C2/m [14]
69.5 LaNi 44Als5 56 SrAuLGa tP8 P4/mmm | [15]
69.2 RNizAlg (R= Gd, Er) ErNiAlq hR78 R32 [16]
69.2 RNizAlg (R=, Dy, Yb) DyNkAlg hR99-21.00| R32 [16]
66.7 RNiAl4 (R=Y, Ce-Nd, Sm, Gd-Tm, Lu), YNiIAl 4 o4 Cmcm [17]
CePdA},
66.7 RCoAl, (R = La-Pr) LaCoAl oP12 Pmma [18]
65.2 Ry6PbAlIs (R=Y, Ce, Gd-Er) S 6eSis hP20-4.67 | P6s/mmc | [19]
64.9 Ry 3P HBAlIg (R= Ce, Gd) GdsPtAlg hR51-14.00| R m [20]
64.9 Er sPtAlg Er, 3PBAlg m334-9.33 | C2/m [21]
64.9 RP DAl 4 (R= Gd-Tm), Er,PLAl, aP37 P [21]
R4PHAl 4 (R = Gd-Lu)
64.9 Y.PtAl 4 Y 4PBAl 5, aP51-14.00| P [21]
64.3 Y,CozAl g, Y,Co:Gay 056 Cmcm [22]
R:RhAlg (R=Y, La-Nd, Sm, Gd-Dy, Er, Tm, Lu),
RzP%AIg (R =Y, Gd'Tm),
RolrsAlg (R=Y, La-Nd, Sm, Gd-Ho, Tm-Lu)
64.3 HoRh:Al g, Ho,Rh;Al g 0384-28.00 | Cmcm [23]
ErzlrgAlg
63.2 RsRuAl; (R=Y, Ce-Nd, Sm, Gd-Tm), GdRWAl 4, hP38 P6s/mmc | [24]
R:OsAl1, (R=Y, Ce-Nd, Sm, Gd-Tm)
62.5 RNi,Al5 (R = La-Pr) PrNjAl5 ol16 Immm [25]
61.5 RFgAlg (R=Y, La-Nd, Sm-Lu) CeMpAlg t126 [4/mmm | [26]

R m) in [20] were used as starting model and the parameters for the structure ofEHPdAl; are listed in
structure was confirmed by a full-matrix least-sgsa Table 3 It represents a new structure type of ideal
refinement using SHELXL-97. The atomic composition Ryg;TAls. The main feature of this
coordinates of both structures were standardized by structure is a statistical distribution of Tb atoms
the program STRUCTURE TIDY29]. Crystal data (position Z) and Ak triangles (&) within atomic
and details of the data collections and structure layers of composition Th-Al. The occupancy of the
refinements for ThsPdAL and Gd ;PLAlg are given site in Wyckoff position B cannot exceed 1/3 because
in Table 2 higher occupancy would lead to the appearance of
impossibly short Al-Al distances (~1.8 A) in the
structure. Therefore, during the structure refinetne
Results the occupancy of the Al site in Wyckoff positioh 6
was fixed at the value 0.33, whereas the occupahcy
Structure _of ThePdAl,. The refined atomic the Tb site in 2 was refined as a free parameter. The
coordinates, site occupancies, and displacement composition of the crystal refined to dida;gPdAL.
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Table 2 Experimental details and crystallographic dataTfoysPdAl; and Gd 3P HAlg.

Refined composition
Formula weightM,
Structure type
Pearson symbol
Space group

Unit-cell parameters: a A
c, A
Cell volumeV, A3
Formula units per cell
DensityDy, g cm®
Absorption coefficient , mm*
Crystal shape
Crystal size, mm
Color
# of reflections: measured
independent
with | > 2 (1)
Reliability factorR
Range oh, k, |
Range ,°
Reliability factors: R
wWR
S

# of reflections used in refinement
# of refined parameters
Weighting scheme
(P = (Fo> + 2FH)I3)
Residual electron density: . € A':

min: €

Tdfbll(sPst
284.45
ThsPdAlg
hP14-4.67
P6s/mmc(#194)
4.394(4)
9.372(6)
156.7(2)

2
6.029
20.013
prism
0.039.035 0.100
metallic grey
1041
119
87
0.0813
-6£h£5,-3EkE6,-13£1 £13
4.35-30.47

0.0316
0.0650
1.353
87

13

w=1/[( Fo)® +
(0.0186°)° + 1.7%]

1.513
-2.029

Gdy 3 PBAlg
1010.26
Gdy 3 PBAlg
hR51-14.00
R m (#166)
4.3090(14)
38.54(2)
619.7(5)
3
8.121
61.951
plate
0.0550.055 0.035
metallic grey
710
345
227
0.0445
-5£h£1,-5£kE2,-54£1 £54
4.76-30.47
0.0641
0.1398
1.355
227
24
w=1/[( Fo)® +
(0.0610P)° + 97.7(P]
6.357
-6.079

Table 3 Atomic coordinates, site occupancies, and dispiece parameters @hfor Thy ¢PdAl; (hP14-4.67,
P6s/mmg a = 4.394(4)c = 9.372(6) A).

Site \[/avggtigfr: X y z Uq Occupancy
Tb o Ya 0.0074(7) 0.611(8)
Pd 2 0 0 0 0.0097(6) 1

All 6h 0.134(2) 0.268(4) Ya 0.014(3) 0.33

Al2 4f 0.5727(6) 0.0144(11) 1

Site Uy Usz Uss Ui Uiz Uzs
Tb 0.0079(8) 0.0079(8) 0.0065(8) 0.0039(4) 0 0
Pd 0.0103(8) 0.0103(8) 0.0087(9) 0.0051(4) 0 0

All 0.015(5) 0.032(9) 0.000(4) 0.016(5) 0 0

Al2 0.0066(15) 0.0066(15) 0.030(3) 0.0033(8) 0 0

The content of the unit cell and the coordination
polyhedra in the structure of JPdAl; are shown in
interatomic distances within the
ccordination polyhedra are listed ireble 4 The Tb
atoms center 20-vertex polyhedra NIPdsThs],
which can be described as hexagonal prisms of
composition A{Pd with three Th and five additional
Al atoms capping the eight faces. The smaller atoms
icosahedral
[PdAIgTh,] (can also be described as a deformed

Fig. 1, and the

are characterized by

deformed [AI2AIP&Ths]. These polyhedra are very
similar to those observed
Y.,.Co:Ga [22], which is an ordered variant of the
Tho.sPdAl; structure with fully ordered distribution of
rare-earth-metal atoms apeklement-atom triangles.
Structure of GdsPHAls. Gy 3P LAl crystallizes with

in the structure type

coordination: coordinates,

its own structure type; our refinements confirm the
structural model proposed jA0]. The refined atomic

site occupancies,
parameters are listed irable 5 As for the structure of

and displacement

cuboctahedron),

_[AlAIPGTD,]

and

strongly
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the ThePdAl compound, the main feature of the

305



Yu. Lutsyshyret al., Thy ¢PdAl; and Gd 3P BAlg with layers of rare-earth-metal atoms and Al-ataangles

Table 4 Interatomic distances for TPdAl; (hP14-4.67 P6s/mmg a = 4.394(4)c = 9.372(6) A).

Atoms A
Tb? —2AI2 3.025(6)
-6 AI2 3.032(4)
—3AIP 3.171(12)
-6 Pd 3.4532(19)
-37T8 4.394(4)
Pd -2 AP 2.555(7)
—6AI2 2.627(3)
—47T6 3.4532(19)
Al1° -2Pd 2.555(7)
-2 Al 2.63(3)
—4AI2 2.765(4)
-27TH 3.171(12)
—2AI2 3.384(9)
Al2 -3Pd 2.627(3)
—2 Al 2.765(4)
—-3AI2 2.880(6)
-178 3.025(6)
-27T8 3.032(4)
—1AI2 3.322(11)
[- 3 Al1° 3.384(9)]

2occ. (Th) = 0.611(8) occ. (All) = 0.33

Table 5 Atomic coordinates, site occupancies, and dispiece parameters @\ for Gd :PtAlg
(hR51-14.00R m, a = 4.3090(14)¢ = 38.54(2) A).

Site \[/avggtigfr: X y z Uq Occupancy
Gd 6c 0 0 0.26941(10) 0.0034(8) 0.67
Ptl & 0 0 0.12093(5) 0.0037(6) 1
Pt2 3 0 0 0 0.0106(8) 1
All 18h 0.539(4) 0.461(4) 0.3947(7) 0.011(5) 0.33
Al2 6C 0 0 0.1872(4) 0.006(3) 1
Al3 6C 0 0 0.3514(5) 0.010(3) 1
Al4 6C 0 0 0.4437(4) 0.006(3) 1
Site Uy Uaz Uss Ui Uis Uzs
Gd 0.0025(11) 0.0025(11) 0.0052(18 0.0012(6 0 0
Ptl 0.0039(7) 0.0039(7) 0.0033(9) 0.0020(3) 0 0
Pt2 0.0100(10) 0.0100(10) 0.0117(15 0.0050(5 0 0
All 0.007(7) 0.007(7) 0.007(11) -0.005(9) -0.006(5 0.006(5)
Al2 0.006(5) 0.006(5) 0.005(6) 0.003(2) 0 0
Al3 0.006(5) 0.006(5) 0.017(10) 0.003(2) 0 0
Al4 0.007(4) 0.007(4) 0.003(7) 0.004(2) 0 0

structure of GgsPtAlg is a statistical distribution of structure of ThsPdAL, the large atoms (Gd) center
R atoms and Al triangles within atomic layers of  the 20-vertex polyhedra [@d;,P%Gds] (hexagonal
composition Ry g7Al. During the final cycles of the prisms of composition APt with three Gd and five
refinement, the occupancies of the corresponditeg si  additional Al atoms capping the eight faces). The
were fixed at occ. = 0.67 for Gd it @nd occ. = 0.33 coordination polyhedra around the Pt and Al atoras a
for Alin 18h. icosahedra, or derivatives of these with one or two

The content of the unit cell and the coordination missing vertices: [P#l;Gd,] (defect icosahedron or
polyhedra in the structure of GgPLAlg are shown in cuboctahedron), _[P#gGd,] (or cuboctahedron),
Fig. 2 and the interatomic distances within the [AlLAIgPLGdy], [AI2 Al P1,Gd] (defect),
coordination polyhedra are listed Trable 6 As in the [AI3 AlPtGds], [Al4 AlP1Gd,] (defect).
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Table 6 Interatomic distances for GeglPEAls (hR51-14.00R m, a = 4.3090(14)¢ = 38.54(2) A).

[ALLAIsPd,Tb,]

Atoms A Atoms A
G —-3AI3 3.051(11) Al2 -1Pt1 2.553(16)
-3AH4 3.064(10) -3Pt1 2.671(6)
—3AIP 3.08(2) -3Al4 2.845(11)
-1A3 3.160(19) - 3AI2 2.948(17)
—1A2 3.169(16) -1Gd 3.169(16)
-3Ptl 3.319(3) [-3AI1° | 3.61(3)]
- 3Pt2 3.501(3) Al3 -3Pt2 2.583(5)
-3Gd 4.3090(14) —2 Al 2.742(19)
Ptl —-1AIP 2.48(3) -3 A3 2.851(18)
-3Al4 2.521(3) -2Gd 3.051(11)
-1A2 2.553(16) -1Gd 3.160(19)
—3AI2 2.671(6) [ 3AI1° | 3.43(3)]
-2Gd 3.319(3) - 1A14 3.56(3)
Pt2 -2AIP 2.55(3) Al4 -3Pt1 2.521(3)
-6 A3 2.583(5) -3A2 2.845(11)
- 4Gd 3.501(3) —2 Al 2.88(2)
Al1P —-1Ptl 2.48(3) -2Gd 3.064(10)
-1Pt2 2.55(3) - 1AI3 3.56(3)
—2AIP 2.66(6)
-2A3 2.742(19)
-2A4 2.88(2)
-2Gd 3.08(2)
-1A3 3.43(3)
-1A2 3.61(3)
2occ. (Gd) = 0.67° occ. (A1) = 0.33

[AI2Al¢Pd3Tbs]

Fig. 1 The unit cell and coordination polyhedra for atamthe Th /P dAl; structure.

Chem. Met. Alloy4 (2008)
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(=

AN

GdAl;PteGds Pt1Al;Gd, P2AlGd,

Al AIPLGd, ARALPLGd ABALPGGd;

Al4ALPLGd,

Fig. 2 The unit cell and coordination polyhedra for atamthe Gd ;PHAlg structure.

T = Co, Ni, Rh, Pd, Ir, Pt

Fig. 3 Monoatomic Al- andr-atom layers with triangular meshes.
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RoAL (R,Aly)

Fig. 4 MonoatomicRy Al © RAl; © R,Alg layers: disordered and ordered distributiorRadtoms and Al

triangles.

7

Ay 5

8 AT
Ji A

PPy

7=l

Fig. 5 Monoatomic Thg-Al layers in the ThgAPdAl; structure.

Discussion

Three kinds of monoatomic (one-atom thick) layer ca
be considered in the structure types,dBdAl,
Y.Co.Ga [22], SgefFeSis [19], GdsPbAlg [20],
ErPtAlL, [21], RyeNiAlg (hypothetic) [16], and
ErNisAlg [16]. Two of them have triangular meste.
they possess the motif of close-packed layersthmut
interatomic distances within the layers for aludées
(see Table ) are ~4.3 A. Such layers formed by
p- (Al) or d-element atomsT(= Co, Ni, Rh, Pd, Ir, Pt)
are shown inFig. 3 The third kind of layer has the
compositionRys/Al °© RAl; °© RAlg (R = rare-earth
metal). TheR atoms and the centers of;Aliangles
also form a triangular mesh~if. 4. These layers
derive from close-packe@atom layers by a statistical
(disordered) or ordered replacement of one-thirthef
R atoms by A triangles. In case of ordered
substitution, the translation unit for such layeil be

Chem. Met. Alloy4 (2008)

three times larger (new parametees:= 2a + b,

b' = -a + b, seeFig. 4. The monoatomic layers are
stacked along the crystallographic direction [0@1]

all the above mentioned structure types, they are
perpendicular to the 6-fold axes in the hexagonal
structures and 3-fold axes in the trigonal
(rhombohedral) structures. The ratio of different
layers, the stacking sequence and the degree of
ordering in theRAl3 layers distinguish the different
structure types. The interatomic distances within
triangles (~2.65 A) are the shortest Al-Al contaicts
the structures indicating strong interaction.

For the comparison and discussion of the above
mentioned structures we use the conventional sysnbol
introduced to define the stacking sequence of
monoatomic layers in close-packed structures:
positionA with coordinatex = 0,y = 0,B withx =,
y= andCwithx= ,y= (referring to the small
hexagonal translation unit).
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b b
v ..‘..Q.C v ‘O‘0.0.0
a Q@ Q@ Qo Qo a @ @ @ o
@) @ D @) @ D
® @ @ Q@ Q@
@ ° © @ ° D @ ¢ @ ¢ D
@ @ o @ Qo Q@ Q@ Q@

) @ Qo Qo @ @ @ @
.'..‘...—.00726 .0.0‘0.0.5726
® _® _©® _ ®:-oux ® © . ©® . @0

® O o0 0 ® O O 0:-:

2= -0.0726-0.0726 2= 04274-0.5726

Fig. 6 Monoatomic Pd- and Al-atom layers in the, ¥ dAl; structure.

The hexagonal unit cell of FhPdAl; contains
eight monoatomic layers along the crystallographic
direction [001]: two layers of composition J&Al (at
z=Y,and %), two Pd layerg £ 0 and %2) and four Al
layers ¢ = 0.0726, 0.4274, 0.5726, and 0.9274). The
composition of the compound can be written as
2Thys7Al + 2Pd + 4Al = 2TheAPdAL. In Figs. 5and
6, the TR Al layer atz = ¥ has been assigned the
relative stacking positiorC, whereas the To-Al
layer atz = % is shifted to positioB; both Pd layers
(z =0 and %) are located in the relative posithon
two of the Al layers{= 0.0726 and 0.4274) B, and
the remaining Al layersz(= 0.5726 and 0.9274) in
position C. Hence, the structure of the g&PdAl;
compound is characterized by the following stacking
sequence of monoatomic layersA(Pd)B(Al)-
C(Thg Al)-B(Al)-A(Pd)-C(Al)-B(Thg sAl)- C(Al).
Standardization of the symbols assigned to theivela
positions of the monoatomic layers so that thge#d
layer atz = ¥ is located in positioA, leads to the
following stacking sequenceB(T)-C(Al)-A(RysAl)-
C(Al)-B(T)-A(Al)- C(Ro67A1)- A(Al) (Fig. 7).

The structures of the,T;Aly compoundsT = Co,
Rh, Pd, Ir) adopting the ,Co:Ga type have cell
parameters similar to that of ThsAPdAl and contain
eight monoatomic layers stacked in the same way
along [001]: B(Te)-C(Alg)-A(RsAlG)-C(Al)-B(Te)-
A(Alg)-C(RsAlg)-A(Ale) (Fig. 8. However, contrary
to ThygAPdAl;, in the structure oR,T;Alg the R atoms
and Ak triangles are distributed in an ordered way,
leading to orthorhombic symmetry with a six times
larger cell volume. Thus, the ,€o:Ga type is an
ordered derivative of TP dAl. The group-subgroup
relation for the corresponding space groups is the
following: P6J/mmc (a, b, ¢) %¥® P6y/mcm
(@=2a+b b =-a+b c=c) F® Cmcm
@ =2 + b, b" =b', c" =c) [27]. Complete
ordering ofR atoms and Altriangles is not possible in
the intermediate superstructure with three-foldl cel
volume and space group6s/mcm since only one
Wyckoff position is available for the rare-earthiale
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atoms. Orthorhombic HR&hsAlg is a partly disordered
variant of Y,Co;Gay.

The RysPtHAls compounds belonging to the
hexagonal SgFeSis type and the trigonal
(rhombohedral) GghPtAlgs-type compounds also
contain disorderedR, ¢/Al layers. The unit cell of the
Sq e+ 6Sis type contains 14 monoatomic layers along
the crystallographic direction [001]Fig. 9): two
Ry67Al layers, fourT layers and eight Al layers. The
composition of the corresponding compounds may be
written in the following way: Ry ¢Al + 4T + 8Al =
2R, 67T-Als. The SgeF6Sis type is described by the
stacking sequence A(Al)-B(T)-C(AD-A(RysAl)-
C(A)-B(T)-A(Al)-B(Al)- A(T)-C(Al)-B(Ro.sAl)-
C(AN-A(T)-B(Al). Ordered derivatives of
S sFeSis type are not yet known.

The unit cell of the structure of GgPtAlg
contains sixRy¢/Al layers, nineT and eighteen Al
layers along the crystallographic direction [001]
(Fig. 10. The composition is®& Al + 9T + 18Al =
3Ry 33T3Alg, and the 33 monoatomic layers are stacked
in the following way in the triple hexagonal cell:
A(T)-C(Al)- B(Ro.Al)- C(Al)- A(T)-B(Al)- A(Al)-
B(T)-C(Al)- A(Ro.sAl)- C(Al)- B(T)-A(Al)- C(Ro 67Al)-
A(Al)-B(T)-C(Al)-B(Al)- C(T)-A(Al)- B(Ro 6Al)-
A(AD)-C(T)-B(Al)- A(Ry 67A1)- B(Al)- C(T)-A(Al)-
C(AN-A(T)-B(A-C(Ry6A)-B(Al). In fact, the
structure of Gds:PtAlIg is an intergrowth of
ThysPdAl- and SggFeSis-type slabs (in the ratio
1:1) delimited by the Rys7Al layers. Such an
intergrowth leads to rhombohedral symmetry.
Triclinic ErPKAl,, is an ordering variant of
Gd, 3PBAlg (R atoms and Altriangles are distributed
orderly) and its cell contains along the stacking
direction [01] 11 monoatomic layers in the sequence:
C(T3)-B(Al3)-A(ReAl5)-B(Al 3)-C(T3)-A(Al 5)-C(Al 3)-

the

A(T5)-B(Al3)-C(RAIl)-B(Al ) (Fig. 11). The
transformation  from the triple  hexagonal
cell of GdsPtBAlg to the triclinic cell of
ErPtAl,, is following: a=2a+b, b'=a+2b,

c =2a/3 +b/3 +c/3.
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Fig. 7 Stacking of monoatomic layers along [001] &d-M layers in the ThsPdAl structure.
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Fig. 8 Stacking of monoatomic layers along [001] &g layers in an ¥YCo;Ga-type structure.
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z=Y

Fig. 9 Stacking of monoatomic layers along [001] &&d-M layers in an SgFeSis-type structure.

Monoclinic  ErsPBAlg  (transformation  from
GdisPLAlg a8 =2a+b,b' =b, ¢ =-2/3 -b/3 +
c/3) and triclinic Y,PtLAl,, (transformation from
Gd; :PBAlg as for EfPKLAILL,) differ from EgPAl,,
by a partly disordered distribution Bfatoms and Al
triangles.

Along the translation periodc of the triple
hexagonal cell of the trigonal (rhombohedral)
structure type ErNAly there are 24 monoatomic
layers: three RAl; six T; and fifteen A{;
consequently, the composition of the compound is
3RAl; + 6T; + 15Ak = 6RT:Alg. The stacking
sequence of the monoatomic layers repeats thresstim
in the unit cell Fig. 12: B(Al3)-A(Al3)-B(T3)-C(Al)-
A(RAIl3)-C(Al3)-B(T3)-A(Al3), and the rhombohedral
Bravais lattice is the result of a relative shiftloe Al
triangles in consecutiveRAl; layers. Trigonal
(rhombohedral) DyNAlgy differs from ErNgAlg by
the distribution ofR atoms and Al triangles: in the
ErNizAlg structure it is fully ordered, whereas in the
structure of DyNjAly it is partially disordered. The
structure types ErNAlg and DyNgAlg derive from a
hypothetical hexagonal structure of composition
RosMNizAlg (hP11-2.33,P m2, a » 4.20,¢ » 9.12 A
[16]) with maximal disorder ofR atoms and Al
triangles. The unit cell volume of thBygNisAlg
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structure is nine times smaller than the voluméhef
triple hexagonal cells of the Erddlg and DyNgAlg
types &' = 2a/3 +b/3,b' = -a/3 +b/3,c' =c/3).

The stacking sequences of the monoatomic layers
in the structure types discussed above are sumadariz
in Table 7 For each type of layeRy Al © RAl3 °
R/Alg, T T30 Tg, Al © Al ° Alg, the symbols of their
relative positions 4, B, C) and the Jagodzinski-
Wyckoff symbols [, c) [29] are listed. Based on the
analysis of the known structures, some generakrule
for the stacking of the monoatomic layers in stites
containing layers with ordered or disordered
distribution of R atoms and Al triangles can be
deduced:

- an RygAl layer is always located in hexagonal

stacking f) between two Al layers;

aT layer is always located in cubic stackirgy (

between two Al layers;

- RosAl and T layers are bridged by a single Al
layer in cubic €) stacking;

- Tlayers are separated by one or several Al layers
in hexagonallf) stacking.

The degree of hexagonal stacking (hexagonality)

increases with increasing Al content: 25% of

hexagonal stacking for FPdAk and Y,.Co:Ga-

type aluminides (64.3 at.% Al), 36.4% for GePLAlg
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Table 7 Stacking sequences of monoatomic layers in strestcontainindRy /Al layers.

Structure type Stacking sequenge
Thy PdAl RIM|ITIMIRIM|T I MIRIMITIMIRIM|{TIMIRIM|{TIM|RIM|T|M|R
Yof:osea;' C|A|B|C|A|C|B|A|C|A|B|C|A|C|B|A|C|A|B|C|A|C|B|A|C
z h|jc|c|c|lh|lc|c|c|h]|c|c|lclh|c|c|lc|h|c|c|c|lh|c|c|c|h
TIM(MI T MIRIMITIMIM|ITIMIRMITIMIM|ITIM[RIM|T|IM|{M|T
S 6F&Sis BIA(IB/A|C|B|C/IA|[B/A|BIC/IA|C|B|[A|B|A|C|B|C|A|B|A|B
clhih|c|c|lh|jc|c|h|h|c|c|h|c|c|lh|h|c|c|h|c|c|h]|h]|C
Gy . PBAl MIRIMITIMIRIM|ITIM[IM|TIMIRIM|TIMIRIM|TIM(M|T|M|R|M
Er‘-j’awz‘f’ B|C|B|A|C|B|C|A|B|A|B|C|A|C|B|A|C|A|B|[C|B|C|A[B|A
clhijc|c|lclh|jc|clh|[h|c|c|h|c|c|lc|h|c|c|h|h|c|c|h]|cC
RosNiLAl MM TIMIRIM|ITIM(IM(IM|TIMIRIM|TIMIM|IM|T M[RIM|T|M|M
E-*;Ni;qlﬁ' B|A|B|C|A|c|B|A|B|A|B|C|A|C|B|A|B|A|B|C|A|C|B|[A|B
o hih|{c|c|h|jc|c|h|h|h|c|c|h|c|c|lh|h|h|c|c|h|c|c|h]|h

#R - layer of compositioRy sAl © R,Al3° R,Alg (R = rare-earth metall, - T° T3° T (T = Co, Ni, Rh, Pd, Ir, Pt),
- M° M3° Mg (M = Al); A, B, C — relative shift of the layer perpendicular to #tacking directionh, ¢ —
Jagodzinski-Wyckoff symbol

z=~0.270

Fig. 10 Stacking of monoatomic layers along [001] &dM layers in the GghdPtAlg structure.
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Fig. 11 Stacking of monoatomic layers along [001] &5 layers in the EPKAI,, structure.

Table 8 Members of the homologous seriRss7T Mo

Slabs .
Structure type Space group Ro oM MTM M Ideal composition

Tho ePdAl; P6s/mmc 2 2 - Ry s7TM3
Y2C0osGay Cmcm 2(R4Me) 2(MgTsMe) - 1Ry 67TM3 © 4R, T3Mg
SG.67Sis P6s/mmc 2 4 - Ry 6712Ms
Gdy 3P Al R'm 6 9 - 60.6771.5M4 © 3Ry.33T5Ms
EI’4PT9A| 24 P 2(R2M3) 3(M3T3M3) - 6?0.671-1.5'\/'4 ° R4T9M24
Ro.eNizAlg P m2 1 2 1 | RoerTaMe
ErNizAlg R32 3R:Ma) 6(M3T5M3) 3(M3) | 9Rye7ToMs° 6RTMg

(64.9 at.% Al), 42.9% for SeFeSis-type aluminides
(65.2 at.% Si), and 50% fdRysNiAlg and ErNsAlg
(69.2 at.% Al).

Since aT layer is always surrounded by two Al
(M) layers, it is possible to consider slabs formgd b
three consecutive layers ARAl (MTM slabs). The
structure types TP dAl, Y,Co:Ga, SG e eSis,
Gy 3PBAlg, EnPLAILL, RoeNizAlg, and ErNiAlg
form a homologous series with the general formula
Ry.67ThM2n+m, based on the stacking of three different
structural slabs. Two of them are identical to the
monoatomicRy,M and M layers discussed above,
whereas the third one is tMTM slab. In the structure
of Thy sPdAl; (as well as in YC0,Gay) Ry.sM (RiMe)
andMTM (MgTgMe) slabs alternate in the ratio 1:1. In
the SgesFeSis-type structure consecutiveRygM
layers are separated by tw@TM slabs. In the
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structure of RygMNisAlg (ErNisAlg) there is an
additional M (M) layer between consecutivdTM
(M3TsM3)  slabs, whereas in the structure of
Gdy3PBAlg (EPBALL,) eachRyeM (R:Ms) slab is
situated between a single and a doulNeTM
(M3T3Mg) slab. Structural features of the members of
the homologous serié% g7T,Mon., are summarized in
Table 8

Conclusions

The Al-rich part of theR-T-Al systems R — rare-earth
metal, T — d-element of group VIII; > 60 at.% Al)
contains a large number of compounds crystallizing
with structures that can be decomposed into
monoatomic layers with triangular (or derived) mesh

Chem. Met. Alloy4 (2008)
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Fig. 12 Stacking of monoatomic layers along [001] &5 layers in the ErNAlg structure.

Three kinds of layer are observed, among which the [2]
Ry6Al layer, which can be derived from a close-
packed R-atom layer by a disordered or ordered [3]
replacement of one-third of th& atoms by A
triangles. Probably, in the real structures thelayre [4]
ordered and the observed disorder is being due to
stacking faults. Simple stacking rules could be [5]
derived, which may help to predict new structures.

[6]

Acknowledgements

[7]
This work was supported by the Ministry of Ukraine

for Education and Science under the grant
No. 0106U001300. [8]
(9]
References
[10]

[1] P. Villars, K. Cenzual (Eds.Rearson’s Crystal
Data, Crystal Structure Database for Inorganic
CompoundsASM International, Materials Park
(OH), 2007.

Chem. Met. Alloy4 (2008)

[11] R.E. Gladyshevskii,

S. Niemann, W. Jeitschk&. Kristallogr. 210
(1995) 338-341.

S. Niemann, W. Jeitschkd, Alloys Compd221
(1995) 235-239.

J. Niermann., W. Jeitschkdnorg. Chem.43
(2004) 3264-3270.

B. Fehrmann, W. Jeitschkd. Alloys Compd.
298 (2000) 153-159.

A.l. Tursina, S.N. Nesterenko, E.V. Murashova,
I.V. Chernyshev, H. Noél, Yu.D. Seropeghcta
Crystallogr.E 60 (2004) i145-i146.

Yu.Ya. Lutsyshyn, Ya.O. Tokaychuk, R.E.
Gladyshevskii, R. erny, Ya.M. KalychakUkr.
Khim. Zh, in press.

K. Turban, H. Schéfer]. Less-Common Met0
(1975) 91-96.

Ya.P. Yarmolyuk, R.M. Rykhal', O.S.
Zarechnyuk, Tez. Dokl. 1l Vses. Konf.
Kristallokhim. Intermet. Soede(l1974) 39-40.

A.l. Tursina, N.G. Bukhan'ko, A.V. Gribanov,
H. Noél, T. Roisnel, Yu.D. Seropegid, Alloys
Compd.400 (2005) 194-196.

K. Cenzual,
J. Solid State Chem.00 (1992) 9-15.

E. Parthé,

315



Yu. Lutsyshyret al., Thy ¢PdAl; and Gd 3P BAlg with layers of rare-earth-metal atoms and Al-ataangles

[12] O. Tougait, J. Stepien Damm, V.. Zaremba,
H. Noél, R. Troc,J. Solid State Cheml74
(2003) 152-158.

[13] D. Gout, T.J. Barker, O. Gourdo@Ghem. Mater.
17 (2005) 3661-3667.

[14] R.E. Gladyshevskii, E. ParthActa Crystallogr.

C 48 (1992) 232-236.

[15] G. Cordier, C. Dietrich, T.
Z. Kristallogr. 211 (1996) 627-628.

[16] R.E. Gladyshevskii, K. Cenzual, H.D. Flack,
E. Parthé,Acta Crystallogr. B49 (1993) 468-
474,

[17] R.M.  Rykhal, 0.S. Zarechnyuk, Ya.P.
Yarmolyuk, Sov. Phys. Crystallogrl7 (1972)
453-455.

[18] R.M. Rykhal', 0O.S. Zarechnyuk, Ya.P.
Yarmolyuk, Dopov. Akad. Nauk Ukr. RSR, Ser.
A (1977) 265.

[19] B.Ya. Kotur, M. Bruvo,Sov. Phys. Crystallogr.
36 (1991) 787-789.

[20] S.E. Latturner, M.G. Kanatzidisjorg. Chem41
(2002) 5479-5486.

[21] V.M.T. Thiede, B. Fehrmann, W. Jeitschko,
Z. Anorg. Allg. Chem(625 1999) 1417-1425.

[22] Yu. Grin, R.E. Gladyshevskii, O.M. Sichevich,
V.E. Zavodnik, Ya.P. Yarmolyuk, V.

Friedrich,

316

RozhdestvenskayaSov. Phys. Crystallogr29
(1984) 528-530.

[23] J. Niermann, B. Fehrmann, M.W. Wolff,
W. Jeitschko,J. Solid State Chenl77 (2004)
2600-26009.

[24] R.E. Gladyshevskii, O.R. Strusievicz,
K. Cenzual, E. ParthéActa Crystallogr. B49
(1993) 474-478.

[25] Ya.P. Yarmolyuk, R.M. Rykhal', L.G. Akselrud,
0.S. Zarechnyukopov. Akad. Nauk Ukr. RSR,
Ser. A(9) (1981) 86-90.

[26] O.S. Zarechnyuk, P.l. KrypyakevycBpv. Phys.
Crystallogr.7 (1962) 436-446.

[27] T. Hahn (Ed.). International Tables for
Crystallography Vol. A, Kluwer, Dordrecht, The
Netherlands, 2002, 911 p.

[28] G.M. Sheldrick. SHELX-97 — WinGX Version.
Release 97-2A)niversity of Géttingen, Germany,
1997.

[29] E. Parthé, L. Gelato, B. Chabot, M. Penzo,
K. Cenzual, R. Gladyshevski, TYPIX -
Standardized Data and Crystal Chemical
Characterization of Inorganic Structure Types
Springer-Verlag, Berlin, Germany, 1993/1994,
Vols. 1-4, 1596 p.

Chem. Met. Alloy4 (2008)



