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Crystal structure of the TmNi, compound has been investigated by means of X-ray
single crystal method (Oxford Diffraction Xcalibur four-circle diffractometer, MoK_ radia-
tion) for the first time: CaCu_-type structure, Pearson symbol hP6, space group P6/mmm,
a = 4.8684(12), ¢ = 3.9541(7) A, R1 = 0.0529, wR2 = 0.1835 for 80 reflections. Similarly to
intermetallic compounds with high transition metal content, atoms in the title structure have
rather high coordination numbers: 20 for thulium and 12 for nickel.

Key words: thulium, nickel, crystal structure, single crystal method.

INTRODUCTION. The most efficient me-
thod of new compound discovering is the com-
plex investigation of component interaction in
ternary system and construction the isother-
mal section. Such investigations always start
from the study the binary systems bounding
the investigated ternary system. So far as, the
character of component interactions in bound-
ing binary systems have a great influence on
interaction in ternary system. As it is shown by
our research group systematic research of the
phase relations and the crystal chemistry in
the ternary systems with rare earth, transition
metal and silicon the great influence have the
binary RE-T system (RE - rare earth metals,
T - transition metal). Unfortunately, these bi-

nary systems have not yet been fully investigat-
ed and crystal structure not of all binary com-
pounds have been determined. Good example
of this is the Tm-Ni system, where compound
TmNi, with the CaCu,-type structure exist
[1-5]. However, according to the literature
data, a detailed study of the crystal structure
of this compound has not previously been per-
formed. Therefore, we present the results of the
complete crystal structure investigation of the
TmNi, compound.

EXPERIMENT AND DISCUSSION OF THE
RESULTS. Starting materials for the prepa-
ration of the alloys were ingots of the thuli-
um and nickel with nominal purities Tm >
99.88 wt.%, and Ni > 99.99 wt.%. The samples
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were synthesized by arc-melting under a puri-
fied argon atmosphere, using Ti as a getter and
a tungsten electrode. To achieve high efficien-
cy of the interaction between the components,
the sample was melted twice. The ingot was
annealed at 600°C in an evacuated quartz am-
poule for 720 h and subsequently quenched in
cold water. The weight loss during the prepara-
tion of the sample was less than 1 % of the total
mass, which was 2 g. After annealing no reac-
tion with quartz was observed and the irregu-
larly shaped single crystals were grown on the
surface of the specimen. Single crystals exhibit
metallic lustre while ground powders are grey.

The crystal structures of the TmNi, com-
pound were investigated by X-ray single-crys-
tal diffraction. X-ray diffraction was performed
at room temperature on an Oxford Diffraction
Xcalibur four-circle diffractometer (MoKa ra-
diation). The structures were solved by direct
methods and refined by the SHELX-2018/3
program package [6] with anisotropic atomic
displacement parameters. The crystallograph-
ic data and details on the data collection for
TmNi, are listed in Table 1. The final atomic
positional and displacement parameters of the
compounds are listed in the Table 2. All the
crystallographic positions are fully occupied.

Table 1

Crystal data and structure refinement details for TmNi_.

Empirical formula
Formula weight
T,K
Space group
Pearson code
Unit cell dimensions, A
Volume, A’

No. formula units per unit cell
Calculated density, grem™
Absorption coefficient, mm™
F(000), e
Crystal color
Crystal size, mm
0 range for data collection
Index ranges
Measured reflections
Independent reflections / R
Reflections with I > 2 o(I) / R
Data / restraints / parameters
Goodness-of-fit on F>
Final R1 / wR2 [I > 2 o(I)]
Final R1 / wR2 (all data)

Largest diff. peak / hole, e A3

TmNi,
462
295(2)
P6/mmm
hP6
a=4.8684(12), c = 3.9541(7)
81.16(4)
1
9.46
55.137
209
metallic
0.027x0.023x0.018
4.795-31.996
-6<h<7,+7, 5
2395
81/0.0858
80/0.0220
81/0/9
1.386
0.0529/0.1835
0.0514/ 0.1827

2.772 | -4.079
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Table 2
Atomic coordinates and thermal displacement parameters for TmNi,.

Atom Wyckoft Site X y z Uy A

Tm la 0 0 0 0.0194(12)

Nil 2c 2/3 1/3 0.0168(14)

Ni2 3g 1/2 0 1/2 0.0265(15)
Atom Ull U22 U33 U12 U13 = U23

Tm 0.0253(13) 0.0253(13) 0.0076(14) 0.0126(7) 0

Nil 0.0239(19) 0.0239(19) 0.003(2) 0.0119(9) 0

Ni2 0.038(2) 0.026(3) 0.012(2) 0.0132(13) 0

Interatomic distances (8), reduced values
of interatomic distances (A = 100(d — Yr)/ Yr,
where Y'r is the sum of the respective atomic
radii) and coordination numbers of atoms for
TmNi, are listed in Table 3. Most of interatomic

distances in the structure of our compound are
in good agreement with the atomic sizes. The
Tm-Nil and Nil-Ni2 interatomic distances are
rather short in comparison with the sum of the
respective atomic radii.

Table 3

Interatomic distances (d, A), A values and coordination numbers of the atoms
for TmNi, (r, = 1.746 A, = 1.246 A [8]).

Atom d(A) A(%)| CN | Atom d(A) A (%) | CN
Tm 6Nil  28107(7) -6.0 18 Ni2 4Nil  24257(4) -27 12
12Ni2  3.1359(5) 4.8 4Ni2  24342(6)  -2.3
4Tm  3.1359(5) 4.8
Nil 6Ni2  24257(4) -2.7 12
3Nil  2.8107(7) 128
3Tm  2.8107(7) -6.0

The projection of the crystal structure of
TmNi, on the ab plane and the coordina-
tion polyhedra (CP) of the atoms are shown
in Fig. 1. All CP are typical for the structure
of compounds with CaCu,-type structure.
The coordination polyhedron of the thulium

https://ucj.org.ua

atoms [Tm(Nil Ni2 )] is hexagonal prism
with Ni-capped lateral sides. The Nil atom
is surrounded by 12-vertices polyhedron
[Ni1(Ni2 Nil,Tm,)]. The Ni2 atoms are loca-
ted inside the icosahedra [Ni2(Nil,Ni2 Tm,)].
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Ni2

Fig. 1. A projection of the TmNi, unit cell on the ab plane and a view of the coordination polyhedra

of the atoms.

The structure of TmNi, compound (Fig. 2)
can be considered as a packing of trigonal bypi-
ramids from nickel atoms which are connected
by common apexes along the c direction and in
the bc plane. Six such bypiramids build up ring
units, which in turn form a hexagonal atomic
network. Tm atoms fill holes in the hexagonal
rings.

Fig. 2. The hexagonal rings of trigonal bypira-
mids in the TmNi, structure.
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Binary RENi, compounds with CaCu,-type
exist in all the systems with rare-earth metals
and nickel [7]. Fig.3 displays variations of the
linear parameter (V/N) (where V is a volume
of the unit cell, N is a number of atoms per unit
cell) depending on the size of the RE*" ion (ac-
cording to Shannon [9]) for the series of the
isostructural compounds. The trend observed
confirms the effect of the lanthanide contrac-
tion.
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Fig. 3. Dependence of the parameter (V/N) on
RE* radii in the RENi, compounds.
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CONCLUSIONS. The crystal structure of
binary TmNi, have been investigated in detail
using single crystal X-ray data for the first time.
This compound is isotypical to CaCu,-type
structure. All three crystallographic positions
(1a, 2c and 3g) are fully occupied by Tm and Ni
respectively. The coordination polyhedral are
typical for rare earth binary compounds with

high content of nickel.

g/' was performed under the project
“New substances, materials, types of

matter and approaches to energy saving and

environmental protection’, state registration
number: 0121U113567 (21-01-2022).
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Is niTepatypm BiffoMO TIpO icHyBaHHA
cronyku ckiaapy TmNi, y noasiitiit cucre-
mi Tm-Ni. OgHak [eTanbHOIO MOCTiMKEHHS
KPUCTA/TIYHOI CTPYKTYpPU Iji€l CIIOMYKM IOCi
He npoBopmau. OCKiIbKM HaM BJAJOCAd OT-
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puMaTy MOHOKPMCTAJI, MU BII€pIlEe IIPOBEIN
IIOBHE JIOC/TI/IP)KEHHA KPUCTATIYHOI CTPYKTYpU
cnonyku TmNi,. 3pasok CMHTE30BaHO METO-
IOM €JIeKTPOAyTroBOro IiaBleHHA. MoHo-
KpucTan BifibpaHo 3i 3paska, BifmaneHoOro
3a temneparypu 600 °C ynpogosx 720 rof,.
MacuB excriepuMeHTaIbHUX iHTEHCUBHOCTEN
BifIONTb OTPUMAHO Ha aBTOMAaTIYHOMY MOHO-
KpuctanbHoMy audpakromerpi Xcalibur fo-
ur-circle Oxford Diftraction (MoKa nmpomin-
Hi). CTPYKTypy BM3HAau€HO HIPAMMMU Me-
TOJAMM 3a JOIIOMOTOK KOMIIJIEKCY IpOrpam
SHELX-2018/3. IlapameTpu TemmoBOro 3mi-
LIeHHA BCiX aTOMiB YTOYHEHO B aHi30TPOIIHO-
My HabmoKeHHi. CIlonmyKa KpUCTaTi3yeTbCs B
crpykrypHomy Tuiry CaCu,, cumson Ilipco-
Ha cuMBON hP6, mpocTtoposa rpyma P6/mmm
(Ne 191), a = 4,8684(12), ¢ = 3,9541(7) A,
R =0,0529, wR = 0,1835 st 80 pecdrexcis. Yci
Kpucranorpadiyni mosmuii B cTpykTypi S0-
CITIIPKYBAHOI CIIONMYKM 3aMIHATO IIOBHICTIO.
MixaTOMHI Bifjani y CTPyKTypi CIOTYKM
TmNi, o6pe y3rofxyrorbcs i3 cymamm aToM-
HIX PaJliyCiB KOMIIOHEHTIB. ATOMU TYIIIO Xa-
PaKTEpU3YIOTbCA KOOPAMHALIIHUM YUCIOM
20, a MeH11Ii 32 pO3MipOM aTOMM Hikenwo — 12.
Koopaunaniiini nomniegpu aToMiB y CTpyKTypi
conyku TmNi, € TUIOBUMU I MpeEfCTaB-
HuKiB cTpykryproro tuny CaCu.. Koopau-
HallifiHMMU O6araTorpaHHMKaMM aTOMIB TYJIiIO
[Tm(Nil Ni2 )] € rexkcaronambHi mpusmm 3
OIYHMMY CTOpPOHaMU, IIEHTPOBAHMMIY aTOMa-
mu Hikemo. KoopanHaniitHuMu 6aratorpas-
HMKaMy 11 atroMis Hikenro €: 12-BepiuyHHK-
ku [Nil(Ni2 Nil,Tm,)] ansa aromis Nil Ta iko-
caeapu [Ni2(Nil Ni2, Tm,)] as atomis Ni2.
Crpykrypy cnonyku TmNi, MOXHa mper-
CTaBUTY SIK YKIAJKy TPUTOHAAbHMX Oimipa-
Mifl 3 aTOMIB HiKeNo, AKi 3’€HaHi MO-1IiCTh
CIIiIBHMMU TPaHAMMY B3[JOBXX HaIlIpsAMKY C Ta B
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wrouyHi be. ITpoctip Mk 6imipamigamn 3a-
IIOBHEHMII aTOMAaMM TYJIiIO.

binapui cronyku cknagy RENi, 3 tumnom
crpykrypu CaCu, iCHYyIOTb y MOABITHUX CUC-
teMax RE-Ni 3 ycima pifiKicHO3eMenbHUMMI
MeTallaMu.

KnrodoBi cnoBa: Tysiit, Hike/b, KpUcTaiu-
Ha CTPYKTypa, METOJ, MOHOKPUCTAIIy.
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