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Abstract

Two new compounds, LazRugBg and Y30sgBg, were synthesized by arc melting the elements. Their structural characterization was
carried out at room temperature on as-cast samples by using X-ray diffractometry. According to X-ray single-crystal diffraction results
these borides crystallize in Fimmm space group (no. 69), Z=4, a=>5. 5607(1)A b=09. 8035(3)A c=17. 5524(4)A p =8.956 Mg/m’,

=2523mm~" for LasRugB¢ and a = 5. 4792(2)A b=09. 5139(4)A c=17. 6972(8)A p =13343Mg/m>, p=12823mm~" for
Y3OSgB6. The crystal structure of LazRugBg was confirmed from Rietveld refinement of X-ray powder diffraction data. Both LasRugBg¢
and Y;0sgBg compounds are isotypic with the CazRhgBs compound and their structures are built up from CeCo;B,-type and CeAl,Ga,-
type structural fragments taken in ratio 2:1. They are the members of structural series R(A),,M3,_1B», with n = 3 (R is the rare earth
metal, A the alkaline earth metal, and M the transition metal). Structural and atomic parameters were also obtained for Lag 94Ru3B,

compound from Rietveld refinement (CeCozB,-type structure, P6/mmm space group (no. 191), a = 5.5835(9) A c= 3.0278(6) A).
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1. Introduction

In the course of our work on structural and magnetic
characterization of new intermetallics with potentially
promising physical properties, our attention was drawn
by Y-Os-B [1,2] system. The formation of five yttrium
osmium borides was previously reported in the literature:
YOSB2 [3], YOS4B4 [1], YOSB4 [4], YOS3B2 [5] and Y205B6
[6]. From magnetic and electrical transport measurements,
the YOs;B, sample was observed to display superconduct-
ing properties at 5.5K [7].

The crystal structure of YOs;B, was not completely
determined. However, for the so-called “YOs;B,” type, an
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orthorhombic deformation variant of CeCosB, type [5] was
suggested, which itself is a derivative structure of CaCus
type. Isotypic LaRu;_,B, (x = 0.25) compound was claimed
to form in La—-Ru-B system [5]. Bearing on previous
numerous reports on variety of CaCus-type-related struc-
tures of borides (e.g., CeCos3B,, P6/mmm, a= 5.057 A,
¢=3.036A [8]; ErlrsB,, C2/m, a=5409A, b= 93794,
¢=3.101 A B =91.2° [9]; CeCo4B, P6/mmm, a = 5. OOSA
c=6932A [2]; NdNiyB, Imma, a = 5.057 A, b =6.980 A,
¢=26271A [10]; Yoo1sNis1»B, P6/mmm, a= 14.908,
c=6919A [11]; CesCosBs, P6/mmm, a=5053A, ¢ =
12.97 A [12]; CesCoy By, P6/mmm, a = 5.045A, ¢ = 9.925A
[12]; Nd3Nij3By, P6/mmm, a =5.005A, ¢ =10.904 A [13];
LusNigBg, P6/mmm, a =4.943 A, ¢ =17.161 A [14]), we
decided to perform more detailed structural studies for the
samples of composition close to LaRu;B, and YOs;3B,.
Several alloys were synthesized within the 16.66 at% La (Y)
isoconcentrate slightly varying the content of Ru(Os) and B.
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All obtained samples were found to be multiphase. Analysis
of X-ray powder diffraction patterns revealed the presence
of unknown isotypic phases structurally related to CeCo3B,
type. The results of X-ray single-crystal investigations for
these compounds, as well as Rietveld refinement for
La;¢¢RusoB33.4 sample, are given in this paper.

2. Experimental

Samples with a total weight of 0.5g each were
synthesized by arc melting the proper amounts of the
constituent elements under high-purity argon on a water-
cooled copper hearth. The ingots of lanthanum and
yttrium (Alfa Aesar Johnson Matthey Gmbh., 99.9%),
boron (Aldrich Chem. Co., 99.7%), and re-melted pellets
of compacted ruthenium and osmium powder (Alfa Aesar
Johnson Matthey Gmbh., 99.95%) were used as starting
materials.

Intensity X-ray diffraction data from single crystals were
collected with a Nonius Kappa CCD diffractometer. The
complete strategy to fill more than a hemisphere was
automatically calculated with the use of the program
COLLECT [15].

Philips X Pert diffractometer (CuKo radiation, 260 range
20-115°, step width of 0.02°, a constant counting time
of 30s per step) was used to collect X-ray powder
diffraction data. Automatic indexing and lattice para-
meters refinement were accomplished using the WinPlotr
[16], TREOR [17], DICVOL [18] and Powder Cell [19]
programs. Structure refinements from powder X-ray
diffraction data were performed with the assistance of
FullProf program [20].

3. Results and discussion
3.1. Single-crystal X-ray diffraction

Several crystals were selected from as-cast Lajq¢Rusg
B3> 4 and Yi660s50B3> 4 samples and tested with Nonius
Kappa CCD diffractometer (MoKo radiation, 1=
0.71073 A, w-scan). The crystal of better quality of each
alloy was measured. The face-centered orthorhombic unit
cells were determined from first 10 measured frames of
each single-crystal diffraction data. 448 and 350 images,
with total exposure times of 11.0 and 11.3 h, respectively
were collected for lanthanum ruthenium boride and
yttrium osmium boride crystals, respectively. After inte-
gration of all the collected frames with the EVAL program
[21] of the Kappa CCD software package, data merging
process has been performed using the SADABS program
[22]. Further experimental details are listed in Table 1.

For space group determination, crystal structure solu-
tion and refinement, the program package WinGX 1.70
[23] was used. The space group extinctions for both crystals
lead to the possible Fmmmm (no. 69), Fmm2 (no. 42) and
F222 (no. 22) space groups [24], from which Fmmm was
found to be correct during the refinements. The structures

Table 1
Parameters for the single-crystal X-ray data collection and refinement for
the Y30sgB4 and LasRugBg compounds

Crystal LasRugBg Y;0s3Bg

Lattice parameters (A)

A 5.5607(1) 5.4792(2)

B 9.8035(3) 9.5139(4)

C 17.5524(4) 17.6972(8)

Cell volume (A%) 956.86(4) 922.53(7)

Space group Fmmm (no. 69)

Formula per unit cell 4

Calculated density (Mg/m®) 8.956 13.343

Absorption coefficient 25.23 128.23

(mm™")

Data collection Nonius Kappa CCD diffractometer

Theta range for data 4.16-42.00 4.28-27.41

collection (deg)

Data set —10<h<9 —7<h<7
—13<k<18 —11<k<I12
—-32<1<29 —18</<22

Number of measured 5611 2341

reflections

Number of unique reflections 951 (Rjy = 0.0272) 312

(Rin = 0.0417)

Number of reflections with 776 275

I>20(1p)

Number of refined 26

parameters

Ry, WRy (I>20(1y) 0.0251, 0.0516 0.0377,0.0971

Ry, wR; (all data) 0.0384, 0.0540 0.0444, 0.1005
Goodness of fit on F* 1.148 1.284
Extinction coefficient 0.00038(3) 0.00011(2)
Largest diff. peak and hole 4.506/—2.544 2.894/—-6.862
(e/AY

Refinement method Full-matrix least squares on F>

Table 2
Atomic coordinates and thermal parameters for La;RugBg obtained from
single-crystal X-ray diffraction

Atom Wyckoff position x z Ueq. x 102(A2)
Lal 8(1) 0 0 0.18181(2)  0.879(8)

La2 4(a) 0 0 0 1.001(9)

Rul  16() i 0.08590(2)  0.478(6)

Ru2 8(1) 0 0 0.41370(2)  0.675(8)

Ru3 8(H) Il i 0.412(8)

Bl 16(m) 0 0.16344(47) 0.32848(23) 0.702(63)

B2 8(h) 0 0.33122(68) 0 0.760(91)

were solved with the aid of SHELXS-97 [25] using a
Patterson function, which resulted in the positions of the
La(Y) and Ru(Os) atoms. The positions of boron atoms
were localized from difference Fourier synthesis. The
structures were refined by a full-matrix least-square
program package SHELXL-97 [26]. No deviations from
full occupation of atomic positions were observed in result
of refinement of occupancies. The formulae derived from
the structure refinement led to LazRugBg (Y30sgBg).
Tables 2 and 3 present the standardized coordinates
(STIDY [27]) and thermal parameters for all atoms for
Las;RugBg and Y;0s3Bg, respectively. Selected interatomic
distances are given in Tables 4 and 5. Further details of the
crystal structure investigations can be obtained from the
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Table 3
Atomic coordinates and thermal parameters for Y;O0sgBg

Atom Wyckoff position x z Ueq* % 10%(A?)
Y1 8(1) 00 0.17916(18) 0.53(7)
Y2 4(a) 00 0 0.65(9)
Osl  16(j) L1 0.08994 (5) 0.29(4)
Os2 8(i) 00 0.41955(7)  0.27(4)
0s3 8 11 1 0.22(4)
Bl 16(m) 0 0.147923)  0.3225(14)  0.45(44)
B2 8(h) 0 0.31926 (30) 0 0.01(53)

#U;so. for B atoms.

Table 4

Interatomic distances (d, A) and coordination numbers of atoms (CN) in
La3Ru?SB() (dmax La—La = 426A, dmax La—Ru — 3.77 A, dmaqua—B =3.26 A,
dmax Ru—Ru = 3.28 Aﬂ dmux Ru—-B — 2.77 A, dmax B-B — 2.26 A)

Atom d CN Atom d CN
Lal-2BI 3.032(4) 19 Ru3-4Bl1 2.134(3) 12
Lal-4Ru3 3.0614(2) Ru3-2Ru3 2.7804(1)
Lal-La2 3.1912(4) Ru3-2Rul 2.8804(4)
Lal-4Bl 3.214(2) Ru3-4Lal 3.0614(2)
Lal-2Ru2 3.2467(3)

Lal-4Rul 3.2823(3)

Lal-2Lal 3.6689(3)

La2-4Ru2 3.1662(2) 20 B1-2Ru3 2.134(3) 8
La2-2Lal 3.1912(4) B1-1Ru2 2.192(4)
La2-8Rul 3.1957(2) Bl-2Rul 2.216(3)
La2-4B2 3.236(4) Bl-1Lal 3.032(4)
La2-2B2 3.247(7) Bl-2Lal 3.214(2)
Rul-2B2 2.200(2) 14 B2-4Rul 2.200(2) 9
Rul-2Bl1 2.216(3) B2-2Ru2 2.243(5)
Rul-2Rul 2.7804(1) B2-2La2 3.236(4)
Rul-2Ru2 2.8177(1) B2-1La2 3.247(7)
Rul—Ru3 2.8804(4)

Rul—Rul 3.0155(5)

Rul-2La2 3.1957(2)

Rul-2Lal 3.2823(3)

Ru2-2Bl1 2.192(4) 13

Ru2-2B2 2.243(5)

Ru2-4Rul 2.8177(1)

Ru2-1Ru2 3.0295(5)

Ru2-2La2 3.1662(2)

Ru2-2Lal 3.2467(3)

Fachinformationszentrum Karlsruhe, 76344 Eggenstein-
Leopoldshafen, Germany (fax: (49) 7247-808-666, e-mail:
crysdata@fiz.karlsruhe.de) on quoting the depository
numbers 417472 and 417473.

3.2. X-ray powder diffraction

Both LaléAéRu50B33A4 and Y16_6OS50B33_4 alloys WwEere
found to be multiphasic from X-ray powder diffraction
data analysis. Lanthanum ruthenium boride sample
appeared to contain two phases, i.e. LazRugB¢ (78%) and
a compound isotypic with CeCo3B, type (22%). For multi-
phase Rietveld refinement of this sample, the experimen-

Table 5

Interatomic distances (d, A) and coordination numbers of atoms (CN) in
Y3OSSB6 (dmax\’—Y =4.06 Aa dmax Y—-0s = 3.62 A: dmax Y-B — 3.24 Aa
dmaxOs—Os =3.19A, dmaxOs—B = 272A: dmax B—B = 2.26 A)

Atom d CN Atom D CN
Y1-2B1 2.91(2) 19 0s3-4B1 2.11(2) 12
Y 1-40s3 3.017(1) 0s3-20s3 2.7391(11)
Y1-4B1 3.08(1) 0s3-20s1 2.8325(9)

Y 1-40sl 3.166(2) 0s3-4Y1 3.017(1)
YI—Y2 3.171(3)

Y1-20s2 3.249(2)

Y1-2Y1 3.714(3)

Y2-2B2 3.04(3) 20 B1-20s3 2.11(2) 8
Y2-40s2 3.087(1) B1-10s2 2.21(2)

Y2-2Y1 3.171(3) B1-20s1 2.27(2)

Y2-80s1 3.172(1) Bl-1Y1 2.91(2)

Y2-4B2 3.24(2) B1-2Y1 3.08(1)

Os1-2B2 2.20(1) 14 B2-40s1 2.20(1) 9
Os1-2B1 2.27(2) B2-20s2 2.23(2)
0s1-20s1 2.7396(1) B2-1Y2 3.04(3)
0s1-20s2 2.7499(1) B2-2Y2 3.14(1)
0s1—O0s3 2.8325(9)

Osl-2Y1 3.166(2)

Os1-2Y2 3.172(1)

0Osl—Osl 3.183(1)

0s2-2B1 2.21(2) 13

0s2-2B2 2.23(2)

0s2-40s1 2.7499(1)

0s2-10s2 2.847(2)

0s2-2Y2 3.087(1)

0s2-2Y1 3.249(2)

tally determined K,,/K, ratio of 0.5, cos 6 = 0.7998 for the
monochromator polarization correction and a pseudo-
Voigt profile shape function were used. The background
was refined with a polynomial function. Initial positional
parameters for La;RugB¢ were taken from single-crystal
refinement, and for ~LaRu;B,—those characteristic for
CeCosB, type of structure were used [8]. The angular
dependence of the peak full-width at half-maximum
(FWHM) was described by Caglioti’s formula [28]. Initial
unit cell parameters were obtained with the assistance of
PowderCell Program [19]. Parameters obtained from
Rietveld refinements of La;s ¢RusoB33 4 powder diffraction
data are given in Table 6, together with refined atomic
coordinates and thermal parameters for both phases.
Observed, calculated and difference profiles for the
La;¢¢RusoB3, 4 sample are shown in Fig. 1.

Strong reflections of Yi4¢0s50B3,4 powder diffraction
pattern were indexed on the basis of a face-centered
orthorhombic unit cells leading to unit cell parameters
a=54682A, b =9.5260 A, ¢ = 17.6868 A. The intensities
resembled a good agreement with those calculated on the
basis of atomic models determined from Las;RugBg and
Y;0s3Bg single crystals; however, a significant amount of
unknown phase prevent the successful accomplishment of
structural refinement from powder data for this alloy.


mailto:crysdata@fiz.karlsruhe.de

O.L. Sologub et al. | Journal of Solid State Chemistry 180 (2007) 2740-2746 2743

Table 6

Parameters of structural refinements from X-ray powder diffraction data
for the La;qsRusoB334 sample; atomic coordinates and thermal para-
meters of observed compounds

Compound LazRugBg Lago4sRu3B,

Space group Fmmm (no. 69) P6/mmm (no.

191)
Cell parameters (A) a = 5.5572(5) a=5.5831(9)
b =9.7930(9) ¢ = 3.0272(5)
¢ = 17.5523(17)
Volume (A%) 955.2(1) 81.72(2)
Number of reflections 225 40
Zero-point (20 deg) —0.041(5)
n (pseudo-Voigt) 0.81(5)
Half-width parameters
U 0.25(2)
4 —0.19(2)
w 0.063(5)
Reliability factors, (%)
Ry 7.36 5.51
Rg 14.0 7.83
Atomic coordinates Lal: 8(i), z = 0.1850(2), La: 1(a),
and thermal B =0.65(1) B =0.49Q2)*
parameters (B, Az)
La2: 4(a), B=0.59(2) Ru: 3(g),
B =0.46(2)
Rul:16(), z = 0.0853(2), B: 2(c),
B =0.60(1) B=0."
Ru2:8(i), z = 0.4204(4),
B =0.59(1)
Ru3:8(f), B =0.55(2)
B1:16(m),
y=0.21(1),z = 0.329(6),
B=09"
B2:8(h), y = 0.30(1),
B=0.9"

#QOccupancy parameter was refined to be 0.94.
Fixed parameter.

3.3. Crystal structure description

Projections of the LazRugB¢ structure on XY and XZ
planes and coordination polyhedra for atoms are presented
in Fig. 2.

The structure of LazRugBg has two crystallographically
different atomic positions of La, both with high coordina-
tion numbers, as is typical for rare earth atom in
intermetallic compounds. The coordination number (CN)
of La2 (Fig. 2b) is the same as for Ce in CeCo3;B,
(CN = 20) (Fig. 3a) [8] and its coordination polyhedron
(CP) differs from that of Ce by a slight deformation of
faces. The La2-Lal contact distance is shorter than the
sum of covalent radii of two La atoms (dp.o—pa1 =
3.1912(4) 1&). However, these shortened contacts are typical
for rare earth atoms in CeCoszB,-type compounds
(dce_ce = 3.036 A for CeCo3B,, dy_y =3.038A for
YCosB, [8]), as well as in the structures containing
CeCosB, structural fragments [29]. CP for Lal atom has
19 atoms (Fig. 2a) and its shape comprises a combination
of one-half of rare earth atom polyhedron in CeCo3B,-

Lal6.6Rus0B33.4
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Fig. 1. Experimental (solid black line), calculated (gray crosses), Bragg
positions (black vertical bars) and differential (solid black line) powder
diffraction profiles for La;ssRusoBs;4 sample.

type structure compounds and one-half of a polyhedron
of La (Fig. 4a) in LaCo,B, [30] (CeAl,Ga,-type structure
[31D).

The coordination sphere of Rul (Fig. 2c) is similar to
that of Co in CeCo3B, (Fig. 3b) and corresponds to a
deformed cubooctahedron with two additional atoms of
ruthenium placed against the faces which are formed by
two lanthanum and two boron atoms. The CN of Ru2 is 13
and its polyhedron differs from that of Rul by the absence
of one ruthenium atom (Fig. 2d). The CP for Ru3 is
12-apexes distorted cubooctahedron which is slightly
deformed as compare to CP of Co in LaCo,B, (Figs. 2e
and 4b , respectively).

The first coordination sphere of B2 is trigonal prism built
by six ruthenium atoms with three additional atoms of
lanthanum located against rectangular faces (Fig. 2g) and
is similar to that of B atom in the structure of CeCo3B,
(Fig. 3c). The CP of B1 has a shape of deformed tetragonal
antiprism (Fig. 2f) and differs from CP of boron atom in
LaCo,B, by the shape of larger face which is formed in
presented structure by atoms of different type (three
lanthanum and one ruthenium). In intermetallic com-
pounds, the Archimedean cube atomic coordination sphere
usually possesses one additional atom against larger face
[32]. However, in LasRugBg and Y3;O0sgB¢ as well as in
LaCo,B, and other rare earth ternary borides of CeAl,
Ga,-type structure, the neighboring B1(B) atom is located
too far from the B1(B) central atom to be included in its
coordination sphere (dg1_p1 = 3. 204(2)A for Las;RugBg,
dBl Bl = =2. 814(2)A for Y3OSgB6, and dB B= =2. 48A for
LaCo,B,) and consequently the formation of B-B pairs is
rather relative.

3.4. Structural relationships
The characteristic environments of the La(Y),

Ru(Os) and B atoms suggest a structural similarity of
investigated structure with CeCosB, type and CeAl,Ga,
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Fig. 2. Projections of LazRugBg unit cell on XY and XZ planes and coordination polyhedra of atoms: Lal—a, La2—b, Rul—c, Ru2—d, Ru3—e, B1—f,
B2—g. Large dark gray circles stand for La atoms, smaller light gray circles—for Ru atoms, and small black circles—for B atoms.

Fig. 3. Projections of CeCo3B, unit cell on XY plane and coordination
polyhedra of atoms Ce—a, Co—b, B—c. Ce atoms are drawn as large
dark gray circles, Co atoms are smaller light gray circles, and B atoms—
small black circles.

Fig. 4. Projections of LaCo,B, unit cell on XY plane and coordination
polyhedra of atoms La—a, Co—b, B—c. La atoms are presented as large
dark gray circles, Co atoms are smaller light gray circles, and B atoms are
small black circles.
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v

Fig. 5. LasRugBg unit cell (a) as arrangement of CeCo3B,-type (b) and
CeGa,Al,-type structural fragments (c). Large dark gray circles stand for
rare earth metal atoms, smaller light gray circles—for the atoms of
transition metal, small black circles stand for B atoms.

type. Comparison of all three structures shows that
effectively the structure of LasRugBg (Y30s3Bg) represents
the intergrowth of CeCos;B,-type and CeAl,Ga,-type
structural fragments taken in ratio 2:1 (Fig. 5). Conse-
quently, the structure contains typical for CeCo3B; layers of
B2 trigonal prisms connected by vertical edges to form a
hexahedral rings where the rare earth atoms are located
(one R atom per ring in LazRugBg and Y30sgBg structures)
(Fig. 6a). These sheets are stretched in XY plane and
alternate in the z direction with the zig-zag like walls
composed of two columns built up of tetragonal antiprisms
of B1 stacked in inverse way via rectangular faces (Fig. 6b).

Both compounds belong to the Caz;RhgBg structural
family and are new members of a homologues series
R(A)M3,_1By, with n=3 (m=2: Ca,Rh;B; and
SI'2Rh5B4, n=>5: SrsRh14B10, n="7: Ca7Rh20B14 [33])
The relationships between CasRhgBg-, CeCosB,- and
CaRh,B,-type [34] (Fig. 7) structures were described earlier
by Jung [33]. CaRh,B; structure itself (Fddd space group
(no. 70), a =5.832A, h=9.240A, ¢ =10.606 A) and its
derivative CeRu,B, (F222 space group (no.22),
a=64861A, b=9.0573A, ¢=10.0263A) [35] are the
stacking variants of CeAl,Ga, type.

Similarly to CeCo3B,, the CazRhgBg¢ (Figs. 8a and b) and
CaRh;B,; (Figs. 8c and d) structures contain Ca,B-layers
and Rh-layers. In CaRh,B,, % of atoms per each Rh-layer is
missing, as compare to CeCo3B,, and the layers are shifted
for % unit cell in the y direction with respect to each other.
The same shift of Ca,B- and Rh-layers for { of unit cell
along the z-direction was observed for Ca;RhgBg structure
but with a different sequence, and the only two of a total
six Rh-layers contain two vacant cites each giving a é
missing atoms per unit cell, as compared to CeCo3B..

Fig. 6. B2 trigonal prisms layers (a) and Bl tetragonal antiprisms columns (b) in the structure of LasRugBg.
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Fig. 7. The unit cell of CaRh;B, structure. Large dark gray circles stand
for calcium atoms, smaller light gray circles—for rhodium atoms, small
black circles stand for B atoms.

a
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Fig. 8. Ca,B- and Rh-layers in the structures of CazRhgBs (a, b) and
CaRh;B, (c, d). Large dark gray circles stand for calcium atoms, smaller
light gray circles—for rhodium atoms, small black circles stand for B atoms.
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