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LaNi Si,: CRYSTAL STRUCTURE AND ELECTRICAL PROPERTIES
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The structure of LaNi,Si, compound has been investigated by X-ray powder ans sing-
le crystal method. This silicide crystalize in CeNi,,Si, structure type: space group 14 mcm,
Pearson symbol tI56, a = 7.86415(6), ¢ = 11.5101(1) A, R, = 0.0653; a = 7.83933(17),
¢ =11.4472(5) A, R = 0.0220, wR = 0.0734 for X-ray single crystal data. Unlike the prototype
CeNi, Si, ., where the Wyckoff position 4d is occupied by mixture of Ni and Si atoms, in the
structure of the ternary silicide LaNiSi,, the atoms are ordered in all Wyckoft positions. Ad-
ditionally, the electrical properties for the compound were investigated. The temperature de-
pendence of the electrical resistivity exhibits metal behaviour (p, = 121.60 pQ-cm, 6 = 191K,

A =22107 uQm-K?).
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INTRODUCTION

The ternary systems RE-Ni-Si (RE = rare
earth metals) have attracted interest of scien-
tist due to complicated interaction of the com-
ponents. A high number of compounds with
various crystal structures and interesting phy-
sical properties exists in these systems [1-5].
Probably the La-Ni-Si system is the most inte-
resting among them. The isothermal section of
this system has been constructed in the whole
concentration range at 400 °C [6] and twen-
ty ternary compounds have been found, but
full crystal structure determination has been
performed not for all of them. Given this, we

conducted research the part of the La-Ni-Si
system, namely the section 7.14 at. % La. Pre-
viously we reported on the study of the com-
pound LaNi, . . Si ., which adopts the cu-
bic structure type CaCu Al . (space group
Fm-3c, Pearson code cF112) [7]. Another phase
exist on this section is LaNi,Si, compound,
which is isotypic to CeNi,Si, .-type according
to Refs. [8, 9]. Since we were lucky enough to
synthesize a single-phase sample and obtain
a single crystal, the detailed crystal structure
determination of LaNiSi, and investigation of
electrical resistivity was performed. Herein we
present the results of these investigations.
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EXPERIMENT AND DISCUSSION
THE RESULTS.

X-ray powder investigations

12 ternary samples along the isoconcentrate
7.14 at.% La were melted under an argon at-
mosphere in an arc furnace, and annealed at
870 K under vacuum for 720 h.

In the beginning, the structure of the in-
vestigated phase was studied by X-ray pow-
der diffraction of sample with composition
La, Ni_ .Si, .. The powder intensity data
was collected on automatic diffractome-
ter STOE STADI P with linear PSD detector
(transmission mode, 26/w-scan; Cu Ka, radia-
tion, curved germanium [1 1 1] monochro-
mator; 20-range 6.000 < 20 < 120.225° with
step 0.015 °26; PSD step 0.480 °26, scan time
250 s/step). The value of linear absorption co-
efficient was estimated from the logarithmic
ratio between the primary beam intensity and

OF

its intensity after passing through background
and measured samples. A preliminary data
processing, X-ray profile and phase analyses
were performed using the STOE WinXPOW
(version 2.21) program package [10]. The pro-
gram DBWS [11] was used for the refinement
of the crystal structure. The crystallographic
data and the results of crystal structure refine-
ments of the silicide are listed in the Table 1.
Fig. 1 shows the X-ray diffraction patterns of
La  Ni_ Si . sample. The results of investi-
gation confirmed that the investigated silicide
is isotypical to the structure of CeNi, Si, . type.
However, in the structure of our compound,
all crystallographic positions are occupied by
atoms in an orderly manner, and the compo-
sition of the compound is described by the for-
mula LaNi Si, while in the prototype one of
the positions occupied by mixture of Ni and Si
atoms.

Table 1.

Crystal data and structure refinements for LaNi Si, compound.

Structure type CeNi, Si,

Pearson symbol tI56

Space group I4/mcem

Unit cell dimensions, A a="7.86415(6), b = 11.5101(1)
Volume, A3 711.84(1)

No. formula units per unit cell 4

Calculated density D, g/sm’ 7.285

Number of reflects 162

Zero value of 26, ° 0.0109(6)

Profile parameters U; V; W
Reliability factors R ; R ; R

p wp
La4a (00 1/4)
B, A2

iso’

Nil 16/ (x y z)

0.034(1); -0.012(2); 0.0116(4)
0,0653; 0,0513; 0,0650

0.59(2)

x = 0,6294(1); y = 0,1294(1); z = 0,1824(1)
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Structure type

CCNI&SSI is

B, A2

Ni2 16k (x y 0)
B, A2

Ni3 4d (0 % 0)
B, A2
Sil6l(xyz)
Biso’ A

X

1,20(2)
x = 0,0692(2); y = 0,2047(2)
1,20(2)

1,20(2)
= 0,1715(2); y = 0,6715(2); z = 0,1176(2)
1,06(2)
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Fig. 1. Observed (*), calculated (-) and difference X-ray diffraction patterns of LaNi,Si,.

X-ray single crystal investigations

More detail crystal structure investigation
was performed by X-ray single crystal method.
Single crystals were selected from the sample
by mechanical fragmentation from the sample

https://ucj.org.ua

with composition La_  Ni_ Si .. They exhibit
metallic lustre whereas the ground powders are
dark grey. The reflections intensities were mea-
sured with graphite-monochromatized Mo Ka

radiation on an STOE IP diffractometer at
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295(2) K. The structures were solved by direct
methods and refined by the SHELX program
package [12] with anisotropic atomic displace-
ment parameters. After the data collection,
the single crystal was analyzed by EDX spec-
troscopy with a Leica420i scanning electron
microscope. The experimentally determined
composition of the grain of is close to the com-
position calculated from the structure refine-
ments.

The crystallographic data and details on the
data collection for LaNi,Si, are listed in Ta-

ble 2. The structure was refined in space group
I4/mcm with anisotropic atomic displacement
parameters. A final electron-density difference
map was flat and did not reveal any significant
residual peaks. Concerning the occupations of
crystallographic positions, the results of single
crystal investigations correlate with the results
of the X-ray powder study, namely, the fully
and orderly occupations of all crystallographic
positions. Final atomic positional and displa-
cement parameters of LaNi,Si, compound are
presented in Table 3.

Table 2.
Crystal data and structure refinement details for LaNi,Si,
Empirical formula LaNiSi,
Formula weight 779.66
T,K 295(2)
Structure type CeNi, Si, .
Space group I4/mcem
Pearson code 156,140
Unit cell dimensions, A a=7.83933(17), ¢ = 11.4472(5)
Volume, A3 703.49(4)
No. formula units per unit cell 4
Calculated density, g:cm™ 7.361
Absorption coeflicient, mm™ 30.005
Crystal color metallic
Index ranges -11<h<11, -9<k<10, -16<I<17
Measured reflections 2177
Independent reflections / Reflections with I > 2 o(I) 352 /343
Data / restraints / parameters 352/0/24
Goodness-of-fit on F? 1.053
Final R1/ wR2 [I > 2 o(I)] 0,0220 / 0,0734
Largest diff. peak / hole, e A3 2.525/-1.408
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Table 3.
Atomic coordinates and thermal displacement parameters for LaNi,Si,
Wyckoft .
Atom , G X y z U ,A?
Site “

La 4a 1 0 0 1/4 0.0039(2)
Nil 16l 1 0.63048(7) 0.13048(7) 0.18442(6) 0.0070(2)
Ni2 16k 1 0.06884(10) 0.20317(9) 0 0.0065(2)
Ni3 4d 1 0 1/2 0 0.0061(3)

Si 16/ 1 0.17072(14) 0.67072(14) 0.11833(14) 0.0066(3)

Atom U, U, U, U, U, U,
La 0.0028(2) 0.0028(2) 0.0062(3) 0 0 0
Nil 0.0073(3)  0.0073(3)  0.0064(3)  -0.0004(2)  0.0007(2)  -0.0007(2)
Ni2 0.0051(3) 0.0058(3) 0.0085(4) -0.0003(2) 0 0
Ni3 0.0047(4) 0.0047(4) 0.0089(6) -0.0006(5) 0 0
Si 0.0062(4)  0.0062(4)  0.0074(7) 0.0016(5)  0.0001(3)  -0.0001(3)

The interatomic distances (3), the values of majority of interatomic distances are in good
interatomic distances reductions from the sum agreement with the sum of atomic sizes. Some
of atomic radii and coordination numbers of Ni-Si interatomic distances are rather short
atoms for LaNi,Si, listed in Table 4 (values of and a few Ni-Ni distances are rather long in
the atomic radii are taken from [13]: r(La) = comparison with the sum of the respective
1.877 A, r(Ni) = 1.240 A, r(Si) = 1.320 A). The atomic radii.

Table 4.
Interatomic distances (3), A values (A = 100(6 —Xr)/ Xr, where Xr is the sum of
the respective atomic radii) and coordination numbers (CN) of of LaNi,Si, compound.

Atoms S, A A, % CN Atoms S, A A, % CN
La 8 Nil  3.1625(6) 1.5 24 Ni2 2Ni2 2.3782(11) -4.1 12
8Si  3.2751(12) 7.5 1Ni3  2.3887(7) 3.7
8Ni2 3.3193(4) 6.5 28 24633(14) -3.8

Nil 1Si 2.3016(17) -10.1 13 2 Si 2.5177(14) -1.7
1Si 2.3302(13)  -9.0 I Ni2  2.5276(11) 1.9
281 2.4994(13) -2.4 2Nil  2.5280(8) 1.9
2Ni2  2.5280(8) 1.9 2Lal  3.3193(4) 6.5
2Nil  2.5376(9) 2.3 Ni3 4Si 2.3275(13) -9.1 12

https://ucj.org.ua 7
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Atoms S, A A % CN Atoms S, A A, % CN
1Ni3  2.5591(7) 32 4Ni2  2.3887(8) 3.4
1 Nil  2.8931(8) 16.7 4Nil  2.5591(7) 3.2
1 Nil  3.0459(8) 22.8 Si 1 Nil  2.3016(17) -10.1 12
2La  3.1625(6) 1.5 I Ni3  2.3275(13) -9.1
1Nil  2.3302(13)  -9.0
INi2  2.4633(14)  -3.8
2Nil  2.4994(13) -24
2Ni2 2.5177(14) -1.7
1 Si 2.7091(19) 2.6
2Lal  32751(12) 7.5
b
A

Fig. 2. A projection of the LaNiSi, unit cell on ab plane and a view
of the coordination polyhedra of the atoms.

The projection of the crystal structure of
LaNi,Si, on the ab plane and the coordination
polyhedral (CP) of the atoms are shown in
Fig. 2. The LaNi,Si, compounds belong to the
family of transition-metal rich compounds,
which have complex multilayer structures with

high values for the coordination numbers of
all atom types. The lanthanium atoms have the
largest coordination number (CN = 24) and its
pseudo Frank-Kasper polyhedron [La(Ni, Si,)]
can be described as a combination of three

antiprisms, two of which consists from eight
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nickel atoms each, and the third of eight silicon
atoms. A distorted icosahedron with one ad-
ditional atom [Nil(La,Ni_Si )] is the CP of the
Nil atoms (CN = 13). The similar types of po-
lyhedra were observed for Ni2 and Ni3 atoms.
The coordination polyhedrons of the these
atoms (CN = 12 for both) can be described as
distorted icosahedrons, [Ni2(La,NiSi,)] and
[Ni3(Ni,Si,)], respectively. The first difference
lies in the greater deformation of the Ni2 poly-
hedra. Furthemore, the environment of these
atoms is also somewhat different. The atoms
of all sorts form the CP of the Ni2 atoms and
only nickel and silicon atoms surround the Ni3
atoms. The Si atoms have 12 neighbors and the
polyhedron [Sil1(La,Ni,Sil)] can be described
as a strongly distorted icosahedron.

The structure of LaNiSi, compound can
be considered as a packing of the tetragonal
prism and antiprism, which are built from the
eight silicon atoms each (Fig. 2). These prisms
and antiprisms alternate along the ¢ direction,
forming endless columns that form a three-di-
mensional framework. The La atoms center the
antiprism, and a square from the four Ni atoms
situate in one prism. The columns from such
clusters connect to each other by common ed-
ges and empty trigonal Si, prisms or Si, tetra-
hedra, which are formed in layers of tetragonal
prisms or tetragonal antiprisms, respectively.

Fig. 4. Packing of [La(Ni, Si)] (yellow) and
[Ni3(NigSi,)] (blue) slabs in the LaNi,Si, structure.

https://ucj.org.ua
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Fig. 3. The arrangement of the tetragonal prisms
(blue) and antiprisms (yellow) in the LaNiSi,
structure.

The alternative representation as packing
of CP around lanthanium and nickel atoms
shows even more compact filling (Fig. 3). The
structure of LaNi,Si, can be described as a 3D
compact packing of two types of polyhedron:
24-vertex pseudo Frank - Kasper polyhedra
around the La atoms in Wyckoft position 4a
and icosahedra around the Ni atoms in Wyck-
off position 4d. These both polydrons consists
of nickel and silicon atonms and have the com-
positions [Ni Si ] and [Ni,Si,], respectively.
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Investigation of electrical properties

The specific electrical resistance of a poly-
crystalline La, ,Ni_ ,Si, . sample of regular
geometric shape was measured in the tempe-
rature range of 11-290 K on a potentiometric
setup by the standard two-probe method. The
temperature dependence of electrical resis
tance, with slight nonlinearity, was approxi-
mated using the Bloch-Griineisen-Mott for-

mula [14].
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Fig. 5. Temperature dependence of specific
electrical resistance for the LaNi Si, compound.

Fig. 5 shows the temperature dependence
of the specific electrical resistance for the
LaNi,Si, compound. The temperature depen-
dence of the specific electrical resistance in-
dicates the metallic nature of the conductivity
at relatively low absolute values of the specific
electrical resistance of the investigated alloy
(Proox ! Prix = 156.26 pQecm / 121.60 puQecm).
The slight nonlinearity of the temperature de-
pendence of the resistivity at higher tempera-
tures indicates that, in addition to scattering by
lattice phonons, there is an additional mecha-
nism, which can be explained by the process
of scattering of s-d conduction electrons of a
transition metal. Calculation of the obtained

10

experimental results using the Bloch - Gru-
neisen — Mott formula gives the following pa-
rameters: p, = 121.60 pQecm, 6, = 191 K, A =
2.2¢107 pQemeK?.

CONCLUSIONS

The crystal structure of ternary compound
LaNi,Si, have been reinvestigated in detail us-
ing powder and single crystal X-ray data. This
compound is isotypical to the structure of
-type. Additionaly, the investigation
of electrical resistivity was performed.
ngi ACKNOWLEDGMENTS.

Ef This study was performed under the
research international project at Ivan
Franko National University of Lviv
“Search of new structure types”, regis-
tration number: HX-010123.

LaNi,Si

 KPUCTAJIINHA CTPYKTYPA
TA ENEKTPWUYHI BNACTUBOCTI
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Bimomum € daxr icHyBaHHA B3JJOBX i30-
KOHLIeHTpatn 7,14 ar.% La cmonmyk ckmangy
LaNi Si LaNi_ . Si iLaNi _ .Si

11,6-9,5 1,4-3,5 8,8-8,4 4246 7,8-4,5 5285
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Iliz 9ac pjeTanbHOrO BMBYEHHA CUCTEMU
La-Ni-Si 3a temmneparypu 600 °C migTBep-
JKeHo icHyBanHs criomyku LaNiSi, ta mpo-
BEIEHO KOMIUIEKCHE NOCTiJ)KeHHA ii KpucTa-
JIYHOI CTPYKTYPM METOMOM IIOPOILKY Ta MO-
HOKpPUCTAIY.

YTo4HEeHHA KPUCTaNTivYHOI CTPYKTYPH CIIO-
myku LaNiSi, cmovarky 3fiificHEHO MeTOf[OM
IIOPOIIKY Ha OCHOBI MacUBY PEHTIE€HiBChKUX
nndpakLiiHUX JaHUX Bif MOIIKpKUCTamiv-
Horo spaska ckmapy La  Nig .Si, . (#ud-
pakromerp STOE Stadi P, moexmua xBumi
A =1,5406 A, miamason kyTiB 6 < 20 < 120,225
i3 xpoxom 0,015° i vacom ckanyBaHHA 250 ¢):
crpykryprmit un CeNig Si, ;, a = 7,86415(6),
¢ =11,5101(1) A. Ockinbku 3i 3pa3Ky CKIafy
La, Nig Si,. BEamocs oTpuMary MOHOKpYC-
Taja, TO MOJajblle JeTalbHe JOCi>)KeHH
IIPOBEJIEHO PEHTTEHOCTPYKTYPHUM METO[IOM
MOHOKpMCTany. Macus eKcnepyuMeHTalbHUX
iHTEHCMBHOCTEI BiIOUTh OTPMMAHO Ha aBTO-
MaTMYHOMY MOHOKPMCTA/JIbHOMY AVUQPaKTO-
metpi STOE IP (Mo K -BUIpOMiHIOBaHHSA).
CTpyKTypy BM3Ha4Y€HO INpPAMMMM METOAMMU
3a monomorow kKoMmiuiekcy nporpam SHELX.
ITapameTpy TeIIOBOrO 3MillleHHA BCiX aTo-
MiB yTOYHEHO B aHi30TPOIHOMY HaO/IVKEHHI.
[ligTBEp/IHKEHO TIPUHANEXKHICTD CTPYKTYpH
MOCIIPKYBAHOI CIOMYKU IO CTPYKTYPHO-
ro tumy CeNig Si,, (CII 56, III' I4/mcm):
a =7,86415(6), c = 11,5101(1) A, R, =0,0653;
a=7,83933(17), c = 11,4472(5) A, R = 0,0220,
wR = 0,0734. Cnig BigMmiTuTH, 10 Ha BigMi-
Hy Big mpororumy CeNi Si ., e momoxen-
HA 4d-npoctopoBoi rpymn I4/mcm 3aitHATe
CTaTUCTUYHOK CyMimmio aromiB Ni Ta Si vy
criBBifHOWIEHH] 1:1, y cTpyKTypl TepHapHOTO
cuninuny LaNiSi, aromu posmiueni Bnopsj-
KOBAHO B YCiX IIpaBWJIbHMX CHCTE€MaX TOYOK.

OkpiM TOrO, JOCHI>KEHO TeMIIepaTypHY

https://ucj.org.ua

3a/IEKHICTh IUTOMOTO €1EKTPOOIOPY 1A
cronykn LaNiSi,, 0 Bkasye Ha MeTanivHui
xapakTep npoBifHocTi (p, = 121,60 MKOM-cM,
GD =191K, A =2,2.10° MmxOm-M-K*3).

KirodoBi cmoBa: ymaHTaH, HiKelb. CUTIIIIN,
KpUCTa/lTi4Ha CTPYKTYpPa, eAEKTPUYHNUIN OIIip.
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