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In this work we report the synthesis and crystal sucture of the compounds LaCo3In, Las. Coslns, and
LasCo,n.,. From X-ray single crystal diffraction data: LagCosln crystallizes in the structure type of
NdsFesSi, 14/mem, Z = 4, a=8.1190(4)c = 23.7022(15; Las. Consy in the tetragonal structure type of
WsSis, 14/mem, Z = 4, a=12.9644(3),c = 6.1553(2)A at =0.125(15) andx = 0.06(3), anda = 12.9976(5),
€c=6.1229(7) A at =0.275(15) andx = 0.10(3); LaCo,n, is the solid solution of Co in Laln, which

crystallizes in the cubic structure type of CgAu, Pm m, Z

Intermetallic compounds / Crystal structure / Lanthanum

Introduction

Over the last years, investigations of the chemisfr
solids of indium with rare-earth and transition aigt
have led to the discovery of new intermetallic
compounds, many of which are of interest for solid
state physics[1,2]. For example, CeCodn[3,4],
CeRhlr, and Celrlg [5,6] belong to a special class of
heavy-fermion materials that have considerably
advanced the knowledge of the interplay between
superconductivity and magnetisii]. We have now
continued our systematic investigations of the
RE-T-In (RE = rare-earth metall = transition metal)
systems and their compounds. In this paper we prese
results on the synthesis and crystal structureoafes
lanthanum-rich compounds with cobalt and indium. It
is known that two tetragonal and one cubic ternary
compounds exist in this system: LaCoIrj8]
(HoCoGag structure type, space grotgt/mmmi9]),
LagCoyaln [10] (NdsFesSi structure type, space group
14/mcn) and cubic LaColn [11] (SmNigln
structure type, space groupm [11]). Atom
coordinates have been refined only for the Lagoln
compound8].

Experimental section

Metals of the purity: lanthanum 99.85 wt.%, cobalt
99.92 wt.%, and indium 99.99 wt.%, were used as
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= 1,a=5.0762(1)A at x = 0.05.

/ Cobalt / Indium

starting materials for the synthesis. Alloys of the
compositions LaCogslns, LaggC0oiolNag, LagsCoxglnos,

and LasCo,ln,s (defined from an investigation of the
isothermal section of the La—Co—In system at 870 K)
were prepared by arc-melting under an argon
atmosphere of 0.7-0.8 atm. The argon was purified b
melting titanium sponge. To ensure homogeneity, the
alloys were re-melted twice. The weight losses were
negligible. The alloys were wrapped into tantaluih f
and sealed in evacuated silica tubes. The following
heat treatment was performed: the samples were
quickly heated to 1170 K, and after one hour the
temperature was reduced by 10 K every 40 minutes
untii 1070 K. After two days at 1070K, the
temperature was reduced with the same rate down to
870 K. Then the samples were annealed at 870 K for
2 months, and finally quenched in cold water.

No reaction with tantalum was observed and on
the surface of the specimens irregularly shapeglesin
crystals had formed. The single crystals were sstec
by mechanical fragmentation and were investigated b
Laue photographs and the rotation method (Mo K
radiation) in order to check their quality for the
intensity data collection, symmetry and lattice
constants. Intensity data were measured at room
temperature on a Xcalibur diffractometer with a
charge-coupled device (CCD) detector. The
crystallographic data and details of the data ctte
are listed inTable 1 The single crystals investigated
on the diffractometer were also studied by energy
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Table 1 Crystal data and structure refinement of@@ln (1), Las g74C00.06N2.04 (I1A), Lag 724C 00 1dN2.90

(11B), and L&Cop osNo.os (111).

LasCoyaln Lau.878C00.0dN2.04 Lay, 724C00.1dN2.90 LasC0y.09No.05
Molar mass 1714.409 1018.293 995.221 528.74
Crystal system tetragonal tetragonal tetragonal iccub
Space group [4/mcm [4/mcm [4/mcm Pmm
Pearson symbol t180 t131.50 t130.90 cP4
Unit cell dimensiond, A) 8.1190(4) 12.9644(3) 12.9976(5) 5.07620(10)
Unit cell dimensiond, A) 23.7022(15) 6.1533(2) 6.1229(7) 5.07620(10)
Unit cell volume ¥, A3 1562.41(15) 1034.22(5) 1034.39(13) 130.803(4)
Formula units per cell 4 4 4 1
Calculated density (g/cth 7.2885 6.5400 6.3908 6.7481
Crystal size (m°) ~120x80x15 ~250%x100x15 ~250%x100x15 ~200x150%30
Absorption coefficient (mi) | 20.522 25.853 25.241 30.642
F(000) 2128 1659 1622 266

range for data collection 3.44 -26.34 2.22-26.3 2.22 - 26.28 4.01 - 26.28

Range irhkl -8 h 10 -16 h 16 -16 h 15 -6h5

-10 k 8 -15k 16 -16 k 16 -4k 6

291 29 617 77 616
Total no. reflections 4698 3115 3171 424
Independent reflections 457 313 312 45
Reflections with 1>2(1) 418 288 248 25
Data/parameters 418/34 288/18 248/16 25/5
Goodness-of-fit on ¥ 1.230 1.058 1.110 1.082
R [I>2 (D] (R1=) 0.0177 0.0478 0.0498 0.0365
R [1>2 ()] (WR2=) 0.0382 0.1239 0.1231 0.0989
R [all] (R1=) 0.0208 0.0509 0.0640 0.0528
R [all] (wR2=) 0.0401 0.1268 0.1329 0.1123
Extinction coefficient 0.00038(3) 0.00032(14) - 2309)
Largest diff. peak and hole 1.108/-0.962 6.37468.3 3.548/-4.014 8.471/-1.651

dispersive X-ray analysis (EDX), using a Leica420i
scanning electron microscope.

Results and discussion

The experimentally observed compositions from EDX

[13] (= LasCo0y1Gas [14]) structure type, crystals IIA

and 1IB with the WSi; structure type15], and il

with the CyAu structure typél5].

In the case of the compound ¢Casln (Fig. 2),
the cell parameters correlate well with literatdiaga
[10], and all the atomic positions are occupied

analysis are: 31.28% La, 63.25% Co, and 5.46%rin fo
crystal | from the LgCogslns alloy; 56.54% La,

8.34% Co, and 35.12% In for crystal IIA from the
LagoCorlng alloy, and 55.45% La, 8.81% Co, and
35.74% In for crystals 11B from the kg 0o,ln,s alloy
(Fig. ). We selected two crystals of compound Il for
the crystal structure investigation because theg ha
slightly different chemical compositions. The simgl
crystal 1ll was selected from the {:€0,9lny5 alloy.
The diffractometer data confirmed the symmetry and
lattice constants obtained by the photographic otketh
Starting atomic parameters were deduced from
automatic interpretations of direct methods with
SHELXS-97 [12], and the structures were refined
using SHELXL-97 [12] with anisotropic atomic

completely. The coordination polyhedra of the

displacement parameters. The results of the crystal

structure refinements are presented @bles 2and 3
and in Figs. 2 through 4. The refinement readily
revealed isotypism of the crystal | with the Nd,sSi
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Fig. 1 Single crystal of the

compound.

LaCoylng.
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Table 2 Atomic coordinates, site occupation&)( and equivalent isotropic displacement parameters
(Ueg AZ) for LagCoraln (1), Lay.g7sC00.0dN2.04 (I1A), Lag 724C00 1dN2.90 (11B), and LaCoy edlNo.os (111).

Wyckoff

Atom site X y z G Uy
LagCoy3ln
Lal 14 0.33752(4) 0.16248(4) 0.31860(2) 1 0.0133(2)
La2 & 0 0 0.39880(2) 1 0.0093(2)
Col 16 0.32220(8) 0.17780(8) 0.44472(4) 1 0.0082(2)
Co2 1& 0.0644(1) 0.2121(2) 1/2 1 0.0084(2)
Co3 16 0.11331(8) 0.38669(8) 0.41217(4) 1 0.0089(2)
Co4 i3 0 1/2 1/2 1 0.0068(4)
In 4a 0 0 1/4 1 0.0112(2)
Lay,g74C 00,06 N2.04
Lal i y] 0 1/2 3/4 0.88(2) 0.057(2)
La2 1& 0.0828(1) 0.2211(2) 0 1 0.0247(6)
In1 da 0 0 1/4 1 0.0222(8)
In2 &h 0.3369(1) 0.1631(2) 0 0.97(3) 0.024(1)
Co & 0.3369(1) 0.1631(1) 0 0.03(3) 0.024(1)
Lay 724C0p.1d N2 90
Lal ] 0 1/2 3/4 0.73(2) 0.067(3)
La2 1& 0.0823(1) 0.22162(11) 0 1 0.0298(6)
Inl 4a 0 0 1/4 1 0.0265(9)
In2 8h 0.3363(1) 0.1637(1) 0 0.95(3) 0.029(2)
Co & 0.3363(1) 0.1637(1) 0 0.05(3) 0.029(1)
LagCouy.odNo g5

La X 0 1/2 0 1 0.0134(8)
Co 1b 1/2 1/2 1/2 0.05(5) 0.009

In 1b 1/2 1/2 1/2 0.95(5) 0.009

Table 3 Anisotropic displacement parameter$)(Af LasCoysln (1), Lau g7¢C00.0dNz.04 (I1A), Las74C00.1dN2.00
(1B), and LaCay 09N g5 (111).

Atom | Ui | U,z | Uss | Uzs | Uiz | U,
LagCoy3ln

Lal 0.0144(2) 0.0144(2) 0.0111(2) 0.0003(1) -0.@ep3 -0.0022(2)
La2 0.0100(2) 0.0100(2) 0.0080(3) 0 0 0
Col 0.0067(5) 0.0067(5) 0.0070(8) 0 0 -0.0011(7)
Co2 0.0071(4) 0.0088(5) 0.0092(4) 0 0 0.0005(3)
Co3 0.0081(3) 0.0081(3) 0.0082(4) 0.0001(3) -0.@8p1 0.0001(3)
Co4 0.0092(3) 0.0092(3) 0.0085(5) -0.0003(3) 0.Q8p3 -0.0001(3)
In 0.0123(3) 0.0123(3) 0.0091(5) 0 0 0

Lay 576C0p.0d N2 04
Lal 0.0192(8) 0.0199(8) 0.0351(9) 0 0 -0.0021(5)
La2 0.0214(14) 0.0214(14) 0.127(5) 0 0 0
In 0.0193(10) 0.0193(10) 0.0280(16) 0 0 0

Lay 724C0p.1dN2 90
Lal 0.0294(9) 0.029(1) 0.031(2) 0 0 -0.0027(6)
La2 0.021(2) 0.021(2) 0.160(7) 0 0 0
In 0.027(1) 0.0267(1) 0.026(2) 0 0 0

LagConyodNo.o5

La | 0.014(2) | 0.012(2) | 00142 | 0 | o | o

Ueqis defined as one third of the trace of the ortimagized | tensor. The anisotropic displacement factor expbne

takes the formt; = -2 ’[h?a*?Uy; + ...+ 2hka*b*U,3).
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Fig. 2 Projection of the structure of §@o,3ln on the YZ-plane and coordination polyhedra @& &toms: La
(a,b), Co (c,d,e,f), In (Q).

Fig. 3 Projection of the structure of L.a&Colnsz, on the XY-plane and coordination polyhedra of af@ms:
La (a,b), (Co,In) (d), In (c).

o (Co,In)
O La

© 00

a
Fig. 4 Projection of the structure of §@o,In; on the XY-plane and coordination polyhedra of ébems: La (b),
(Co,In) (a).
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lanthanum atoms are pentacapped pentagonal prismsatomic radii. A single exception is the distanceha

with one (coordination number (CN = 16 for Lal) or
two (CN = 17 for La2) capped bases. The coordinatio
polyhedra of the cobalt atoms are distorted icodehe
(CN = 12), and those of the indium atoms are
tetragonal antiprisms with capped bases (CN = 10).
Compounds with the N#e;sSi structure type are
formed only for the light lanthanides when the
transition metal is FERE = Pr, Nd, Sm)[16]. The
peculiarity of LgCoyaln is the small amount of In and
its unusual coordination polyhedron. For other
RET,In, compounds with similar composition the
coordination polyhedra of the indium atoms are
derivatives of icosahedra or cuboctahedra. The
structure type NgFesSi, like the closely related type
LagCo;Ga, is an intergrowth structure, which
consists of YNjln,- [17] and CgBs-type slabs in the
ratio 2:1. In turn, the YNIn, structure is an
intergrowth of the simpler types /Al ; and CeMgSi,

in the ratio 2:2, and the structure sBf is an
intergrowth of the types CuAlnd USi, in the ratio
1:2. The USi, type itself consists of CsCI- and AIB
related slab§l].

The refinements of the 1A and IIB crystals,
which belong to the \W6i; type Fig. 3, are
satisfactory only when defects in positionb, 4
occupied by La atoms, and a statistical mixtur€of
and In atoms in position 8 are accounted for
(Table 3. The degree of defects is different for the IIA
and 1IB crystals and the composition of the sttt
mixture also differs. This leads to the concludioat a
certain homogeneity range exists for this compound.
For the Lal atoms, the coordination polyhedra are
distorted hexagonal antiprisms with capped bases
(CN = 14), and for the La2 atoms polyhedra with 15
vertices (CN = 15). The indium atoms are situated a
the centers of tetragonal antiprisms with cappestba
(CN = 10), and the statistical mixture (Co,In)2 in
defect icosahedra (CN = 10). Ternary compounds of
the WESiz structure type in th&®E-T—In systems are
found for the first time. Binary compounds with the
REsIn; composition exist inRRE-In systems of rare-
earth metals of the yttrium subgrolRE =Y, Gd, Tb,

Dy, Ho, Er, Tm, Lu). It is also known that for
RE = Gd, Th, Dy they belong to the 28i; type and
for RE = Er, Tm, Lu, Y they have the hexagonal
MnsSis structure type. The compound 4w has two
modifications: a low-temperature modification with
the MnSi; structure type and a high-temperature
modification with the WSi; structure type. The
Las. Colnz, compound is the binary “lmg"
compound, which does not exist without Co additjons
likely stabilized by Co atoms.

The presence of a statistical mixture of Co and In
atoms is also characteristic for the compound Il
(LasCoyodhng.o With CwsAu structure type, which is a
solid solution with a small (about 1 at.%) solufyilof
Co in the Laln compound.

For all of the compounds investigated in this pape
the interatomic distances are close to the sum of
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Las. Co,Ins, compounds between the atoms Lal in the
[001] direction. It is equal to half of the lattice
constantc, i.e. 3.0766(1) (17.6%) for the IIA and
3.0614(2) A (18.1%) IIB crystals, respectively.

Conclusions

1. The crystal structures of the ternary compounds
LagCosln, Las. Colns, and LaColn;, have been
studied by means of X-ray single crystal diffrantio

2. LagCo3ln belongs to the closely related structure
types N@Fe3Si and LgCo,,Gas.

3. The results of the refinements of thesL@o,INns,
compound (Lag7£C00.0dN2.94 Lay 724C0p.1dN2.90 Which
belongs to the \A&i; type, are satisfactory only when
defects in position B (site Lal) and a statistical
mixture of Co and In atoms in positionh 8are
accounted for.

4. LasColn., (X = 0.05) is the solid solution of Co in
the Laln compound, which crystallizes in the cubic
structure type GiAu.
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