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Synthesis and Crystal Structure of La;ScBi;

PAN Da-Chun SUN Zhong-Ming LEI Xiao-Wu MAO Jiang-Gao*
(State Key Laboratory of Structural Chemistry, Fujian Institute of Research on the
Structure of Matter, Chinese Academy of Science, Fuzhou 350002)

Abstract: The new ternary phase, La;ScBis was obtained by the high temperature solid-state reactions of the pure
metal elements in welded Ta tubes under argon atmosphere. lts structure was established by single-crystal X-ray
diffraction. The title compound crystallizes in the hexagonal space group P6;/mcm (No.193) with cell parameters
of a=b=0.97573(5) nm, ¢=0.65592(6) nm, V=0.54341(9) nm?, and Z=2. The structure of La;ScBis belongs to the
“anti” HfsSn;Cu type, and features 1D linear Bi chains and {ScBi;} chains composed of face-sharing ScBi4 octa-

hedra. Band calculations indicate that La;ScBis is metallic. CSD: 416609.
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0 Introduction

Ternary rare-earth transition metal antimonides
and bismuthides are of research interest during the
last three decades due to their possible use as new
magnetic materials and their interesting structure

U-16 " Most of compounds have been struc-

chemistry
turally determined by single crystal X-ray diffraction.
Several examples include RE;MSbs (M=Ti, Zr, Hf, Nb)

with the hexagonal HfsSn;Cu structure!™, whose struc-

ture features chains of face-sharing MSby octahedra

and linear Sb chains; REMSb, (M=Mn-Zn, Pd, Ag,

Wi B 11 .2006-06-19, W& i B 1 .2006-07-25,

Au) with the HfCuSi, structure®, which is composed
of 2D Sb~ square sheet and [MSb]*~ layers with rare
and REMSh; (M=Cr, V)&,

However, the corresponding bismuth compounds have

earth ions as spacers,

been rarely documented. Several such phases reported
are RE,MPn;, (RE=Eu, Yb; M=Mn, In; Pn=Sh, Bi)
with a Ca,AlSby, structure™", REsM,Pn (M=Ni, Pd;
Pn=Sh, Bi) with a MosB.Si structure™; REMPn (M=
Rh, Ni; Pn=Sbh, Bi) with a TiNiSi structure, and
YboZn,Bi, features [Zn,Bio|"~

[16]

ribbons running along
the c-axis

Mixing two types of cations with different size
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and charge has been found to be an effective route to
prepare novel polar intermetallic phases, due to the
lessening of cation packing limitation and changing of
electronic requirements!"”?l. By using such technique,
we have successfully isolated two new polar inter-
metallic phases, namely La;MgBis and LaLiBi,™. As
an extension of the work, we used two different lan-

thanide metals (La and Sc) as cations. Our research
La;ScBis.

Herein, we report its synthesis, crystal structure and

efforts resulted in a new ternary phase,

chemical bonding.
1 Experimental

1.1 Synthesis

All manipulations were performed inside an ar-
gon-filled glove box with moisture level below 1 ppm.
Scandium turnings (99.9%, Acros), lanthanum chip
(99.9%, Aldrich) and bismuth block (99.9%, Alfa)
were used as received. Single crystals of La;ScBis
were initially obtained by the solid state reaction of
scandium (0.023 g, 0.5 mmol), lanthanum (0.138 g,
1.0 mmol) and bismuth (0.313 g, 1.5 mmol). The mix-
ture was loaded into a niobium tube. The tube was
then arc-welded and sealed in a quartz tube under
vacuum (~107 Torr). Tt was put into an oven and
heated at 1080 “C for 2 days, and annealed at 980 °C
for 7 days. Afterwards, it was allowed to cool at a rate
of 0.1 C-min™ to the room temperature. Brick-shaped
gray single crystals of La;ScBis were obtained. Several
single crystals of La;ScBis were analyzed by using en-
ergy-dispersive X-ray spectroscopy (EDAX 9100). The
measured La:Sc:Bi molar ratio of 3.14:1.0:5.50 is in
good agreement with the one from structural refine-
ment. After its structural analysis, a lot of efforts were
subsequently made to synthesize a pure phase of
La;ScBis, however, X-ray powder patterns of the resul-
tant products revealed the presence of impurity phas-
es, such as LaBi (Fm3m), as well as other unidentified
compounds. The highest yield is about 70% based on
XRD powder studies.

were not studied because of no pure sample available.

Physical properties of La;ScBis

1.2 Crystal structure determination

Single crystals of La;ScBis were selected from the
reaction products and sealed within thin-walled glass
capillaries under an argon atmosphere. Data collection

was performed on a Rigaku Mercury CCD (Mo K« ra-

diation, graphite monochromator) at room temperature.
A total of 252 independent reflections were measured,
of which 247 reflections with />20(I) were considered
as observed. The data set was corrected for Lorentz
factor, polarization, air absorption and absorption due
to variations in the path length through the detector
faceplate. Absorption corrections based on Multi-scan
method were also applied'®!.

The structure was solved using direct methods
(SHELXTL) and refined by least-square methods with
atomic coordinates and anisotropic thermal paramete-
s The final stage of least squares refinement showed
no abnormal behaviors in the occupancy factors. Final
difference Fourier maps showed featureless residual
peaks of 3527 (0.0 nm from Bi(2)) and -5 821 e-nm™
(0.055 nm from Bi (2)). The relatively higher residual
peaks were due to the fact that bismuth element in
the compound is very heavy. Crystal data and further
details of data collection are given in Table 1, important
bond lengths and angles are listed in Table 2.

CSD: 416609.
Table 1 Summary of crystal data and structure

refinement for La;ScBi;

Formula La;ScBis

Formula weight 1 506.57

Crystal system Hexagonal

Space group P65/mem (No.193)
a=b / nm 0.975 73(5)

¢/ nm 0.655 92(6)

vV / nm? 0.540 80(6)

Z 2

Dy ! (g+cm™) 9.252

©/ mm 93.106

F(000) 1254

Size / mm 0.15 x 0.10 x 0.10
Color and habit Gray, brick

Range in hkl -12 <h<12, -12<k<11,-4<1<8
Reflections collected 3894

Unique reflections 252 (R;,=6.23%)
Reflections (I > 207(I)) 247

GOF on F? 1.225

R\, wR, (I > 20(I))*
R, wR, (all data)

0.035 4/0.070 9
0.036 1/0.071 3

3 527 (0.0 nm from Bi(2)) and
-5 821 (0.055 nm from Bi(2))

Residual extremes / (e nm™)

“R=INF] - \EWSIF), wR=[ S w(F? — F2 S w(E2R)"
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Table 2 Important bond lengths (nm) and angles (°) for La;ScBis
Se(1)-Bi(1) 0.302 30(7) Bi(2)-Bi(2) 0.327 96(3) La(1)-Bi(1) 0.329 81(9)
La(1)-Bi(1) 0.348 81(6) La(1)-Bi(1) 0.349 0(1) La(1)-Bi(2) 0.345 66(4)
Bi(2)-Bi(2)-Bi(2) 180.0 Bi(1)-Sc(1)-Bi(1) 86.64(1) Bi(1)-Se(1)-Bi(1) 93.36(1)
Bi(1)-Se(1)-Bi(1) 180.00(2)

1.3 Band structure calculations

3D band structure calculation for La;ScBis along
with the Density of States (DOS) and Crystal Orbital
Overlap Population (COOP) curves were performed us-
ing the Crystal and Electronic Structure Analyzer
(CAESAR) software package™. The following atomic
orbital energies and exponents were employed for the
calculations (H;=orbital energy, £=Slater exponent): La
6s, H;=—0.56 eV, £=2.14; 6p, H;=—4.38 eV, £=2.08;
5d, H;=-1.52 eV, £€=3.78; Bi 6s, H;=—15.19 €V, ¢=
2.56; 6p, H;=-7.79 eV, £=2.07; Sc 4s, H;=-8.87 €V,
£=1.30; 4p, H;=-2.75 eV, £=1.30; 3d, H;=-8.51 eV,
£=4.35.

2 Results and discussion

As shown in Fig.1, La;ScBis can be considered as
an “antt”-type of HfsSn;Cu with the bismuth atoms on
the hafnium sites, and lanthanum and scandium atoms
occupy the tin and copper sites, respectively. It is also
isostructural with La;MgBis previously reported®. Tts
{ScBis}

chains composed of face-sharing ScBi4 octahedra. The

structure features linear chains of Bi and

linear Bi chain along the c-axis is formed by Bi(2)
atoms (Fig.2a). Within the Bi chains, the Bi-Bi dis-
tance of 0.327 96(3) nm corresponds to a Pauling sin-
gle bond,
chain (0.327 46(5) nm) in La;MgBis™), as well as the
Bi-Bi bond distance found in the dumbbell (0.327 nm)
of SrBi,¢®. The Sc atoms are octahedrally-coordinated
by six Bi(1) atoms with Sc-Bi distances of 0.302 30(7)
nm, which is slightly shorter than that of {MgBis} oc-
(0.3072 nm) in LasMgBis (Fig.2b).

These ScBig octahedra are further interconnected into

and it is very close to that of the linear Bi

tahedral chains

an infinite {ScBi;} chain along the c-axis via face shar-
ing (Fig.2b). The La atom is surrounded by five Bi(1)
and four Bi(2) atoms with La-Bi distances in the range

of 0.329 81(9)~0.349 0(1) nm, which are comparable to

the sum of covalent radii of La and Bi atoms (0.347
nm). Its coordination geometry can be described as a

distorted tricapped trigonal prism (Fig.3).

The La, Sc and Bi atoms are drawn as open, gray and

black circles, respectively. The cell edges are drawn as
thin solid lines

Fig.1 View of the structure of La;ScBis down the c-axis

03279
@ & & & & o
Bi2 Ri2
{a)
Bil
0.302 3
Sc
()

Fig.2 Drawing of a 1D liner Bi chain (a) and a face-

sharing ScBig octahedral chain (b) in La;ScBis

Bil

Fig.3 Coordination geometry around the lanthanum

atom in La;ScBis
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To further understand the chemical bonding of

La3SCBi5,
formed by using the CAESAR program'®.. Results are

3D band structure calculations were per-
shown in Fig.4 and 5. There is no observable band
gap around the Fermi level, indicating that La;ScBis is
expected to be metallic. The states just below and
above Fermi level are predominately from p-orbitals of
the bismuth and d-orbitals of the scandium and lan-
thanum atoms. The states below —14 eV are predomi-
nately from s-orbitals of the bismuth atoms. The
COOP curves are more informative. The Sc-Bi (0.306
7 nm) has a large average overlap population (OP)
value of 0.302, and those for the Bi-Bi (0.328 0 nm)
and La-Bi (0.33~0.35 nm) are 0.278 and 0.295, re-
spectively.  These results indicate significant Bi-Bi,
La-Bi bonding interactions. The Bi-Bi interaction is
weakly bonding around the Fermi level. Such interac-
tion is composed of significant oy interaction as well
as weak 775 interaction, since states around the Fer-
mi level show significant contributions from the Bi(2)
p. and p, orbitals in addition to p. characters. Weak 7
.-+ bonding interaction may be responsible to the

short Bi-Bi distance in La;ScBis.

0
0 m— =
6. 4 >
= & £ [ £, £,
> | SN | D SUSE R | O
© 9 };- 35 g_}
=12 TDOS: selid ine ; Bonding ing| Bonding ing|  Bonding
-15 ' 0330~ % <
18 0350 nm 03280 nm 03067 nm
0 10 20 30 -0.15 0.00 0.15-0.15 0.00 0.15-0.15 0.00 0.15
TDOS La-Bi COOP Bi-Bi COOP Sc-Bi COOP

The Fermi level is set at -8.05 eV
Fig.4 Density-of State (DOS) (contributions of the Bi
atoms shown in the blackened area) and COOP

curves for La;ScBis

E/eV
o

Bi(2) DOS: solid line
Bi(2)-(s): shaded area

Bi(2) DOS: solid line
Bi(2)-(p, + p,): shaded area

Bi(2) DOS: solid line
Bi(2)-(p,): shaded arca

TDOS TDOS TDOS

The Fermi level is set at -8.05 eV
Fig.5 Relevant densities-of-states (DOS) curves showing

the contribution of Bi linear chain in La;ScBis
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