N

N

R8xRu3d3lIn7+x, R3Rul-xIn 3, R 39 Ru 12-x In
35, and R 16 Ru 5 In 14 (R=La-Nd, Sm, Gd-Er, Lu) -
New ternary indides with 2D intergrowth of CsCIl- and
AlB 2 -related slabs
A. Tursina, V. Chernyshev, S. Nesterenko, H. Noél, M. Pasturel

» To cite this version:

A. Tursina, V. Chernyshev, S. Nesterenko, H. Noél, M. Pasturel. R 8x Ru 3 In 7+x , R 3 Ru 1-x
In3,R 39 Ru12-x In 35, and R 16 Ru 5 In 14 (R=La-Nd, Sm, Gd-Er, Lu) - New ternary indides
with 2D intergrowth of CsCl- and AIB 2 -related slabs. Journal of Alloys and Compounds, 2019, 791,
pp.641-647. 10.1016/j.jallcom.2019.03.224 . hal-02122176

HAL Id: hal-02122176
https://univ-rennes.hal.science/hal-02122176
Submitted on 13 May 2019

HAL is a multi-disciplinary open access L’archive ouverte pluridisciplinaire HAL, est
archive for the deposit and dissemination of sci- destinée au dépot et a la diffusion de documents
entific research documents, whether they are pub- scientifiques de niveau recherche, publiés ou non,
lished or not. The documents may come from émanant des établissements d’enseignement et de
teaching and research institutions in France or recherche francais ou étrangers, des laboratoires
abroad, or from public or private research centers. publics ou privés.


https://univ-rennes.hal.science/hal-02122176
https://hal.archives-ouvertes.fr

RgxRUsIN7.4y, ReRUL N3, RagRUi2dN3s5, and ReRusIng, (R=La-Nd, Sm,
Gd-Er, Lu) - new ternary indides wi2D intergrowth of CsCI- and

AlB o>-related slabs

Anna Tursind Vladimir Chernyshe¥/ Sergey NesterenkoHenri No&t, Mathieu Pasturgl

& Department of Chemistry, Lomonosov Moscow Stateelbity, 119991, Moscow, Russia
®Univ Rennes, CNRS, Institut des Sciences Chimipi&ennes — UMR6226, F-35042 Rennes, France

Abstract

Twelve rare earth ruthenium indides were synthesigea two-step reaction and their
crystal structures were determined by single-ctyétay diffraction. RRuxIn3 (Pbam oP28)
and ReRusIny4 (P2/m, mP35) crystallize with new structure types whereagReh».xIn3s (Pbam
o0P172 and R.xRwlnz.+x (Pmma oP36) present occupation variants of Nd; o 9dNzs.02and
Y sCusMgg structures, respectively. The new indides are béiwo different layers alternatively
stacking along the shortest unit cell axis. Thetfmyer is formed exclusively of rare-earth atoms
while the second layer is built of ruthenium andiim thus displaying RIn and RRu fragments
of CsCl type and Rinand RRy fragments of AIB type.

Key-words: A. Intermetallics; A. Rare earth allaysd compounds; C. Crystal structure; D. X-
ray diffraction
Introduction

Some structures of rare-earth intermetallics (IlMish one short unit cell dimension
(< 4 A) can be considered as 2D inhomogeneousgiteths of CsCl- and AlBtype slabs.

Their general formula is given asRT2nXm, Where R, T, and X accordingly are atoms of rare-
earth, transition metal amEelement. The structures are composed of two éifitlayers

stacking along the shortest unit cell axis. Thetfmyer is formed exclusively of rare-earth atoms
while the second layer is built of transition metatip-element thus displaying RX fragments

of CsCl-type anah RT, fragments of AlB-type.

Some of the family members are widely encountenedray the ternary indides. The
LusNizlng-type structurer(=4,n=1) [1] is typical nearly for the whole row of raearths with
platimun as T element [2] and for the late raréhsawith palladium [3]. The N@Pding
structure typer(=9, n=2) [4] was found for nickel [5], cobalt [6], and@lfadium rare-earth
indides [7]. Numerous H>X IMCs crystallize with MgFeB; type structurerf=1, n=1) [8].

The first ruthenium indide built of CsCI- and AHBype units - CeRus gdng [9] - was
established to exist within the N&diIng type. Synthesis of other rare earth rutheniumdesliof
the same composition yielded a variety of new cammpis with new structure types [10]. To the



best of our knowledge, they are the first ruthenindides based on rare earths other than Ce or
La. Indeed, ternary rare earth ruthenium indidesséill sparse compared to those with Pd and
Pt. Besides GeRus sdng, they comprise eight compounds with cerium wsR&slng; [11],
CesRuglng [12], CeRuysdny [13], CegRwlIn; [14], CeRwIns [14], CesRu/ing [15], CegRuln
[16, 17] and CgRwIn3 [18] — and two compounds with lanthanum —»;Ran4Ins [19] and
LagRwlns [20].

Herein we report on the synthesis and detailedttstral characterization of the
ruthenium indides - RRwlng (R=Gd, Tb), R«RwlIn7.x (R=La, Pr, Nd, Sm, Gd, Tb, Dy),
RsRuxIn3 (R=Tb, Ho, Er, Lu), RRU2N3s (R=Sm, Gd), and BRRuwslIn14 (R= Dy, Ho, Er) built
of the fragments of CsCl and AlRrototypes.

Synthesis

Elemental components of high purity (rare eartlota®9.85 wt%, Ru powder 99.99
wt%, and In ingots 99.999 wt%) were arc meltednredmund Buhler MAM-1 compact arc-
furnace on a water-cooled copper hearth undergonmatmosphere with Zr getter. In order to
minimize mass losses the ruthenium powder wasllyitarc-melted into buttons.

As the synthesis by direct reaction of the elemesis not successful — a small amount of
pure ruthenium was found in the crushed sampletve gtage synthesis was applied. Firstly,
ruthenium and a rare-earth metal were arc-meltégktvn the second stage, indium was added
to the binary alloy and arc melted at least thiees to ensure homogeneity. Each of the arc-
melting procedures included weighing of samplesoiatrol weight losses and addition of the
appropriate amounts of a rare earth in order totam the initial stoichiometry. Subsequent
annealing was performed at 873 K in evacuated gaanpoules during one month. Reactions
for all rare earths from La to Lu (except for Cey Bnd Eu) were attempted. The desired ternary
phases were not obtained for Tm and Yb.

Based on the stoichiometry of the first rutheniundide - Ce;Rwlng, the initial
composition of the alloys was 11R:4Ru:9In. As saserthe first structures were solved from
single-crystal data a new series of synthesis basdbe corrected stoichiometry was performed.

The compositions of the annealed polycrystallimagas and their microstructure were
investigated by means of energy dispersive X-raggpscopy (EDX) using a Carl Zeiss LEO
EVO 50XVP scanning electron microscope; equippet am INCA Energy 450 (Oxford
Instruments) EDX-spectrometer. The standard deviaif these measurements did not exceed
0.9 at.%.



Single crystals of nearly all the compounds weretbon the surfaces of the as-cast
samples with the exception o FRwlIn7.«x IMCs . Single crystals of the latter compoundsever
extracted from the crushed samples after anneptimgedure.

Single-crystal XRD

Single crystal data for Ls&Ruy 97AN3, Thy sgRWsIN7 40 PBRWsIN7, GthgR W11 6dN35,
SmegR U1 6dN35, SNy 72RWsIN7 25, and H@eRUsIN14 Were collected at room temperature on a
Bruker Apex Il diffractometer (Mida radiation). An empirical absorption correction vegplied
using the program SADABS [21]. Single-crystal irgity data for TeRUy 97AN3, HOzR Uy odN3,
ErsRuw g1n3, Dy16RuU5IN14, and GRuslny were collected by using a CAD4 Enraf Nonius
diffractometer (Ad¢la radiation). An empirical absorption correction vamse on the basis ¢
scan data [22]. The relevant crystallographic det#ithe data collections and the structure
refinements are listed in Table 1.

The crystal structures were solved by direct methaing SHELXS-97 [23] and refined
using SHELXL-97 [23] (full-matrix least-squares Bf) with anisotropic displacement
parameters for all atoms in the unit cells. Thedat the single crystal structures of IMCs were
deposited at the Inorganic Crystal Structure Datal{fCSD, Karlsruhe) and may be obtained
from the Fachinformationszentrum Karlsruhe, 76344dnstein-Leopoldshafen, Germany (Fax:
+49-7247-808-666; E-Mail: crysdata@fiz-karlsruhe laldp://www.fiz-karlsruhe.de/request_for__
deposited_data.html) on quoting the following deéfoog numbers: CSD 434543
(Th7.6dRWsIN7 49), CSD 434533 (RRuwsIn;), CSD 434221 (GERW 1 6dN3s), CSD 434222
(SmegR U1 6dN35), CSD 434075 (H@RUsIN14), CSD 433893 (TdRw.97AN3), CSD 433894
(HosR W 9dN3), CSD 434069 (DyRusInyg), CSD 434551 (ShayRuslIn7 29, and CSD 433888
(GdsRwsIn;). Further details on the crystal structure refieatrof LR U 974Nz and EsR W g1lN3
can be obtained complimentary from the joint CCOZ/Karlsruhe database via
www.ccdc.cam.ac.uk/data_request/cif by quotingrédierence number CCDC1874079 and
CCDC1898839, respectively.

Powder XRD

Polycrystalline samples of the new IMCs which wexpected to be nearly single-phase
from EDX analysis were studied by powder XRD. Measwents were performed at the ESRF
(Grenoble, France) at the high-resolution powd#ratition beamline ID22 equipped with a
cryogenically cooled double-crystal Si(111) monachator and a Si(111) analyzer [2%hin-
walled glass capillaries (0.5 mm diameter) contagriMC powders were rotated during
measurements at a rate of 1200 rpm to improvedhetmg statistics. The calibration of the



goniometer and the refinement of the X-ray wavellerfg= 0.399996(4) A) were performed
using the Si NIST 640c silicon standard. The dateeveollected in the angle range=20.8—
30° with a scan step of 0.002°. The Rietveld refirat was performed taking into account the
contribution of a single crystalline phase with MRIA program [25] though most of the
samples contained negligible amount of admixtudemntification of admixtures turned to be a
complicated task as the powder patterns of alsthecture types look very similar. The typical
guality of Rietveld refinement is illustrated ingFil for the DysRusIn14 sample.
Cell parameters for all the investigated polycrista samples obtained from powder XRD are
gathered in Table 2.

Table 2. Cell parameters from powder XRD data

Compound a A b, A c, A
GdsRusIn7-type,Pmma
LagRusIn; 29.7671(12) 3.9979(3) 8.2666(5)
NdgRusIn; 29.3145(12) 3.8877(2) 8.1218(4)
SmgRusIn; 29.0399(11) 3.8353(2) 8.0807(4)
GdsRuwsIn; 29.0098(11) 3.7877(2) 8.0656(4)
ThgRuwslIn; 28.9225(11) 3.7528(2) 8.0402(3)

HoieRWsIN14-type, P2/m
Dy16RUsIN14 12.9685(7) 3.5766(2) | 19.0465(8)
B=105.493(12)°
ErigRUsIN14 12.9151(6) 3.5247(2) | 18.9911(8)
B=105.472(11)°
Nd;1Pding-type,Cmmm
GdyPdiing | 14.4633(6)  21.7047(9) | 3.7319(2)
ThiPdine | 14.3975(5)  21.6524(9) |  3.6922(2)

Results and discussion

New compounds

Reactions were attempted for all rare-earths withanium and indium. However, Tm
and Yb are not inclined to form any ternaries ia ithvestigated concentration range. Other rare
earths readily react producing IMCs with five drifat types of structure. Results of structural
analysis of the investigated compounds are sumethiiz Table 3.

Table 3. Formation of the new compounds from powder andlsinrystal data.

Compound | LaCe|Pr{Nd|Sm|Gd | Tb | Dy| Ho| Er| Lu




R11Rwlng [8] Pl P

RsRu«Ing S s| s/ s
RisRUsIN14 S,p s | Pp
RaoRU124N35 S S

Ra-RUeiN7ex | P s| p|spsp|sp

*p = powder data, s = single crystal data

RsRu Nz and ReRusIn14 compounds form with new types of IMCs, angfRu,.xNnss
and RxRwln7.x are occupation variants of pitt10.0dN36.02[26] and YsCusMgs [27] structures,
respectively. The NdPd;Ing structure type [4] was described in detail in [4sb we will not
analyze the isostructural G&wlng and ThiRwlIng IMCs in the present work.
RsRuixIn3 (R=Tb, Ho, Er, Lu) crystal structures

TR 974Nz, HOsRWy 9dN3, EBRW 01lN3 and LR odns crystallize with a new structure
type. Its orthorhombic unit cell (space-group Pbam,55) consists of seven crystallographic
sites, each occupied by a unique atom sort (Suppitary Table S1). All the atoms displan..
site symmetry with z=1/2 for rare earth positiond @=0 for ruthenium and indium atoms
positions. In contrast to the fully occupied raegtlk and indium crystallographic sites, the
occupancy of that of ruthenium is lower than 1008tcl was earlier observed for ruthenium
atom in rare-earth ruthenium indides; (Rag gdng [9] and CeRplgdn, [13].

Two types of rare-earth coordination polyhedradadrgerved in this structure type (Fig.
2a). The R1 atom is enclosed in a §Ry] tetragonal prism capped on all faces by R-atams t
form R1[R;RwIng] coordination polyhedra. R2 and R3 atoms are sugted by 15 and 14
neighbors in the form of pentagonal prisms cappedaih basal faces and on three and two side
faces, respectively — R2fRwIng] and R3[RRw.Ing]. Ruthenium atom is coordinated by a
triangular prism of six R atoms with three indiutoras capping the side faces of the Ry
prism. Three crystallographically inequivalent inaii sites have different coordination
environments and coordination numbers. Inl is Egtatside a triangular prism capped on all
faces - In1[RIns]. Coordination polyhedra of In2 and In3 atoms barpresented as distorted
tetragonal prisms centered on four and five faesgectively — In2[ERulng] and
IN3[RgRWINg].

The shortest interatomic distances R-In and InHnkelow the sums of respective atomic
radii. R-Ru contacts are significantly smaller thia@ sum of R and Ru metallic radii 68.1 A
(Supplementary Table S2). Ru-In interactions ex¢eedsum of metallic radii. R-R contacts, in

turn, are approximately equal to or larger thandbeble metallic radii of the elements.

Ri6Rusl n14 (R=Dy - Er) crystal structures



R1sRWsIN1, compounds crystallize in a novel structure tygasBtructure type seems to
be relatively complex as it contains 17 independépntkoff positions in space grolg2/m
(Supplementary Table S3). All crystallographic piosis are fully occupied by a unique atom
kind. The Rul atom occupies tha dosition with 2m symmetry while all other sites display
symmetry with R atoms at y=1/2 and In and Ru atatms=0.

Coordination polyhedra of rare-earth atoms canrbegnted as distorted tetragonal (R1-
R3, R5, R8) and pentagonal (R4, R6, R7) prismsecedton the basal faces and on some of the
side faces (Fig. 2b). Within the coordination pa@giha, R-In contacts are slightly smaller or
approximately equal to the sum of the R and Inir@ilipplementary Table S4). In contrast, all
the R-Ru interatomic distances are noticeably sméllan the sum of the element radii, in
agreement with the observations on the previouststre-type. The coordination environment of
Rul and Ru2 atoms consists of six rare-earth atrmdgshree indium atoms which form slightly
distorted tricapped triangular prisms with interaio distances in the range of 2.775-3.177 A
and 2.781-3.161 A for Dy and Ho compounds, respelsti The Ru3 atom is surrounded by
eight rare earths in the form of practically ideabe and a narrow range of R-Ru contacts —
2.980-3.040 A. The In6 atom is located in a digitriangular prism of six rare-earth atoms
capped on all side faces by two indium atoms amdrathenium atom with the shortest Ru2-In6
contact of 2.78 A. The other six indium atoms residequatorially capped distorted tetragonal
prisms, In-In contacts all being shorter the doubétallic radius of In.

RasgRU124I N3s (R=Sm, Gd) crystal structures

The structures of SgRw 1 6dN3s and GdgRy1 6dN35 represent a partial occupancy
variant of the Neblr10.0dnses.02type [26]. A complex intergrowth structure buift@sClI- and
AlB ,-related slabs constituted of 44 atomic positidtig.(3 and Supplementary Table S5). In
spite of a rather complex composition the strucune perfectly ordered and coordination
polyhedra of atoms can be easily described in tefneentered triangular, tetragonal and
pentagonal prisms. Thus, rare-earth atoms residghar tetragonal or pentagonal prisms built
of Ru and In-atoms (Supplementary Table S6). Sigtistorted triangular [R] prisms
equatorially tri-capped by indium atoms are typicalall ruthenium atoms. Two of the 18
indium sites have a triangular prismatic environtwelile the other 16 indium atoms are located
inside tetragonal prisms s§Ru»-N3s structures differ from the Nelri0.0dn36.02 prototype by
the following. If in Naglr10.9dNn36.02Ir and In statistically occupy one of thg dites, in BoRu .
xIN3s the corresponding site is occupied by Ru. Anotbature of BgRui2-N3s Structures is a
partial occupancy (~90%) of both Ru5 and Ru6 porsgi



RsxRuslnz (R=La, Pr, Nd, Sm, Gd, Tb) crystal structures

RsxRwlIn7.« (R=La, Pr, Nd, Sm, Gd, Thb) crystallize with an occupawnersion of the
Y sCusMgs structure [27]. In contrast to the above descriteactures discovered exclusively for
the representatives of the late rare earths, ypiswas found nearly for all rare earths including
the early ones. Going from §RusIn; to TksRwsln,, a significant shortening of the cell
parameters is observed which agrees well withahthbnide contraction (Table 2).

A structural peculiarity of this type of IMC is alg R5 position, of about 0.4 A in the
direction, for some of the representatives (Sm,(Fm. 3). Special cycles of least-squares
refinement were aimed to estimate the atom sodspéng the split position. Analysis of the
refinement results and interatomic distances ardb@dplit positions unambiguously indicates
that rare earths (R5) and indium (In5) are seplyrédeated over the split position
(Supplementary Table S7). As a consequence, ratte-@ad indium content tends to converge,
which was definitely confirmed by EDX analyses lod appropriate phases.

The closely structurally related compoundss€¥%Mgs [27] and R.xRusIn7.x — exhibit a
different distribution of the element types oveg tlrystallographic sites. Ins€usMgs
coordination arrangement around each elementaslgldistinguished: Y atoms are situated in
pentagonal prisms, Mg atoms are distributed im¢gnal prisms, and Cu atoms - in trigonal
prisms. It results in a stacking along the b-axisvo different layers, the composition of the
first one (y=1/2) being [Yo«Cu:Mg,4] and composition of the second one §fg,,]. Compared to
Y sCusMgs, in the R.\RusIn7.« Structure the atoms are not so orderly coordin&eebking the
order, R1 and R5(/In5) atoms are enclosed by tetragorisms (respective Mg2 and Mg5 sites
in YsCusMgg) and In2 atoms by trigonal prisms (respective 6ite®), accordingly. Thus, in
Rs-xRWsln7. structure the compositions of the two layers &R u,] (y=1/2) and [RRuwln14]
(y=0) which does not correspond to the ideal aechiire of layers observed for the compounds
of the Ry+nT2:Xm family. Consequently, if this new structure-ty@ende mainly described as a
stacking of CsCl- and AlBunits, different kinds of bricks also have to lsed in the vicinity of
the R5(/In5) atoms.

Crystal chemical peculiarities of the new structures

The structures of LgNizIng [1], Ndi1PdiIng [3], Nd;Co,Mgs [28], 0-LayNiqIn [29] form a
homologous series based on a 2D intergrowth obAMRd CsCl-type slabs described by the
general formula RinT20Xm (R, T, and X accordingly are atoms of rare-edrtdmsitional metal
and p-element) (Fig. 4). Likewise, atomic arrangethie some transition metal borides such as



Mo,FeB; [8], Nb/FeBs[30], RwbAlsBs [31, 32], FeAl,B; [31], and RyAl3B; [32] can be
described as JJinT'mB2n family members built of a 2D intergrowth of TBagments of AlB-
type and TT' fragments of CsCl-type (Fig. 4).

All four new types of structure presented in thigcée are fully or mainly built of CsCl
and AlB, fragments. However, none of them follows the gahirmula Ry T2nXm.

The structures are built from two types of layensnming perpendicular to the short axis
(Fig. 3). The first layer is formed solely of ra@arth atoms whereas the second layer consists of
ruthenium and indium atoms. The only exceptioméR.xRusIn7.« structure where one of the
ruthenium atoms (Ru2) breaks the ideal arrangearahtesides inside the “rare-earth layer” and
one of the rare-earth atoms (R5) resides in thénRalab. Keeping in mind this distortion let us
define the main peculiarities of the new structutethe structures described by the formula
Rm+nT2nXm are composed ah RX fragments of CsCl-type amdRT, fragments of AlB-type,
the new structures reveal two new types of fragmerRT fragments of CsCl-type and RX
fragments of AlB-type. Thus, in the KRwslIN7.x, RsRu«IN3, and SrgeRui2-4IN3s structures, we
observe Ripfragment of AlB-type along with RIn fragments of CsCl-type and RRagments
of AlB,-type. The structure of lgRusIn14 comprises four types of fragments - RIn and RRu
fragments of CsCl-type and RRand RIn fragments of AlB-type. Fig. 2 presents a view of the
new structures projected along the short axis. Bezaf In radius being 0.25 A larger than that
of Ru, R-In contacts are longer than those of ReiR0.15 A and more. This is distinctly visible
in Fig. 2 wherein the area of a basal face of tradgrism centered by In is greater than those
centered by Ru. The same is peculiar for the rgctan prisms centered by In or Ru atoms — the

area of a basal face is greater for the In-centerisths (see RRusIn,4 structure).

Conclusion

New compounds extend the family of ternary raréhearthenium indides which was
previously restricted to the representatives olucerand lanthanum. All four new types of
structure - BRuxIN3, RigRUsIN14 R3gR U2 4IN35, and R.xRuwsIn7.« - can be presented as built of
the RIn and RRu fragments of CsCl type and,Rimd RRy of AIB; type displaying more
complex variants of a 2D inhomogeneous intergrasatimpared to IMCs with general formula
of Rm+nT 20X
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Figure captions.

1. Rietveld refined PXRD pattern of a [gRusIn14 sample showing the experimental
(black) and difference (red) profileg*(= 7.511 R, = 0.042 Ryp = 0.060,Rexp = 0.020). The blue
vertical bars denote the calculated positions efBragg peaks.

2. (@) Unit cell projection of thegRuw «In3 structure onto thea(b) plane. The network of

four- and five-membered rings at z=0 is shown Hiddmes, the networks of three- and

four-membered rings at z=1/2 is shown by dotteedir{b) Unit cell projection of the

Ri1sRUsINy4 structure onto thea(c) plane. The network of four- and five-memberedsiiat

y=0 is shown by solid lines, the network of thraad four-membered rings at y=1/2 is

shown by dotted lines. R atoms are drawn as bignghballs, Ru atoms as blue balls, and In
atoms as pink balls.

3. Projections of the fRu«In3, RigRUsIN14, R3gRW24IN3s, and BxRusln7.« structures along
the short unit cell axis presented as membershafimmogeneous 2D intergrowth structure
series with AIB- and CsCl-type constructive units.

4. Projections along the short unit cell axis of thegstal structures of RnT2Xm and

Tm+n T 'mB2n homologous series as a combination of Al@d CsCl-type fragments.
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Table 1

Crystallographic data and details of single crgssaitucture refinement for the new compounds

Empirical ThsRw 97AN3 | HOsRWy 0dN3 | ErsRUp g1ln3 | LUsRUodNs | HO1gRWsIN14 | Dy16RUsIN14
formula
Structure Tb3RLb.97|n3 Tb3RU()_97|n3 Tb3RU()_97|n3 Tb3RU()_97|n3 HoigRWsIN14 | HOgRWsIN14
type
Space group Pbam Pbam Pbam Pbam P2/m P2/m
Pearson symbol oP28 oP28 oP28 oP28 mP35 mP35
Cell dimensions
a, A 11.338(7) 11.299(3) 11.289(8 11.2601(3) 12H4BH 12.902(5)
b, A 16.262(9) 16.195(3)| 16.173(12) 16.0996(5) 3.5688(2)3.5571(18)
c, A 3.645(2) 3.6034(13) 3.590(6)] 3.53820(10)18.9908(9) 18.959(8)
B, ° 105.58(3) 105.58(4)
v, A° 672.1(7) 659.4(3) 655.5(13 641.42(3) 843.91(7) 8.8®)
Calculated density, g ¢t 9.083 9.431 9.513 10.028 9.350 9.337
Radiation’, A Ag Ko/ Ag Ko/ Ag Ko/ Mo Ko/ Mo Ka/ Ag Ko/
0.56087 0.56087 0.56087 0.71073 0.71073 0.56087
Absorption 22.961 25.450 26.831 58.407 48.467 24.91
coefficient, mnt
Theta range 1.73+19.96 1.73+19.95 1.74+21.96 3.3P273| 2.910+27.485 0.88+19.97
Range irh, k, | 0<h<13 -13<h<0 -15<h<10 | -18<h<18 -16<h<16 -15<h<15
-19<k<0 -19<k<0 O<k<21 -25<k<25 -4<k<4 0<k<4
0<I<4 -4<1<3 0<I<4 -3<1<5 -24<1<24 0<I1<23
Data/parameters 502/45 490/44 539/44 1306/45 1670/1 984/107
Goof on E 0.976 0.983 0.981 1.06 1.167 0.943
R indices (I1>3l) 0.0346/ 0.0376/ 0.0517/ 0.0305/ 0.0553/ 0.0633/
0.0711 0.0787 0.1003 0.0582 0.0941 0.1500
Extinction coefficient 0.00086(11) - - 0.00034(5) - -




Table 1. Continued.

FmpirliCéﬂ SmeoRU1 6dN35 | GhoRU11.69N35 PeRWwIN7 | Sy 7RWsIN7 28| GosRWsINz | Thr edRWsIN7 40

ormula

Structure Ndsolr10.90dN36.02 | Ndsolr10.0dN36.02| YsCusMQs YsCusMgsg YsCusMgs | YsCusMgs

type

Space group Pbam Pbam Pmma Pmma Pmma Pmma

Pearson symbol oP172 oP172 oP36 oP36 oP36 oP36

Cell dimensions

a, A 31.451(3) 31.366(10) 29.3940(13) 29.1608(1j7) .8@8(12)| 28.7450(12)

b, A 37.221(2) 37.09(3) 3.9128(2) 3.8509(2) 3.7660(12) .7384(2)

c, A 3.7268(3) 3.6797(14) 8.1356(4) 8.1022(4 8.830( 8.0883(3)

ﬁ’ o

v, A° 4362.8(6) 4281(4) 935.70(8) 909.84(8) 873.0(p) .B6&)

Calculated density, g ¢t 8.422 8.787 7.930 8.395 8.997 9.025

Radiation’, A Mo Ka/ Mo Ko/ Mo Ko/ Mo Ko/ Ag Ko/ Mo Ko/
0.71073 0.71073 0.71073 0.71073 0.56087 0.71073

Absorption 36.728 40.883 31.106 35.847 22.063 42.551

coefficient, mnt

Theta range 2.910+27.485 2.910+27.485 1.386+40,24.397+45.091| 1.11+19.991.417+45.199

Range i, k, | -3%<h<40 -40<h<28 -39<h<53 -57<h<56 0<h<35 -57<h<57
-43<k<48 -48<k<47 -3<k<7 -4<k<7 -2<k<4 -7<k<7

-4<|<4 -4<|<4 -14<1<14 -15<1<16 0<I<9 -16<1<16

Data/parameters 3603/263 3760/263 2508/60 2713/64 05/58 2889/65

Goof on E 1.150 1.062 1.036 1.037 1.080 1.017

R indices (I1>2l) 0.0494/0.0927| 0.0653/0.141f 0.0380/0.06110625/0.1157 0.0538/| 0.0524/0.1307

0.1354
Extinction coefficient - - 0.00023(3) 0.00040(6 - 0.00127(16)
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16 new rare-earth ruthenium indides synthesized by a two-step reaction.
Crystal structures were studied by single-crystal and powder XRD.
The compounds are built of two layers stacking along the shortest axis.

Four new types of structure are described.



