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The structure of Pr,Co,Ge

7.36

(Cmmm, a = 4.236 (1), b = 25.994(5), c = 4.272(1) A, Z =2)

can be considered as a partly disordered derivative of the La,Co,Sn, type. The Ge positions
in the Pr,Ge, cuboctahedra of the AuCu,-type slabs are conveniently described by two partly
occupied sites, one of which is split. The Co and Ge atoms are characterized by square-anti-
prismatic, cubooctahedral, and trigonal-prismatic coordination.

Key words: praseodymium, cobalt, germanium, crystal structure, single crystal method.

INTRODUCTION. Intermetallic compo-
unds formed in the ternary systems RE-Co-Ge
(RE = rare earth metals) have attracted consi-
derable scientific interest due to various crystal
structures and interesting physical properties.
On the other hand, the most effective way to
find new compoundsis to study in detail the iso-
thermal sections of the corresponding systems.
Therefore, our main scientific interest is focus-
es on the investigation of RE-Co-Ge ternary
systems. Some of the RE-Co-Ge systems have
been studied only for searching of new com-
pounds, for example the La-Co-Ge system [1].
The isothermal section have been constructed
for other systems. Particularly, the isothermal
sections of the ternary systems Ce-Co-Ge [2, 3],
Pr-Co-Ge [4], Nd-Co-Ge [5], Sm-Co-Ge [6],

and Eu-Co-Ge [7] have been constructed in
whole concentration range. The majority of
these systems are characterized by formation
of rather large number of compounds. Thus,
11 ternary compounds have been found in the
Ce-Co-Ge system, 13 ternary compounds - in
the Pr-Co-Ge system, 16 compounds - in the
Nd-Co-Ge system, 18 compounds - in the Sm-
Co-Ge system, and only three compounds - in
the Eu-Co-Ge system. However, crystal struc-
tures are determined only for a few of them.
During the study of the Pr-Co-Ge system, we
have found the new ternary compound. Here-
in we present the results of the crystal struc-
ture determination of Pr,Co,Ge ., which is
the new representative of La,Co,Sn_ structure

type.
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EXPERIMENT AND DISCUSSION OF
THE RESULTS. The sample with composition
Pr . Co, Ge,, was melted under an argon
atmosphere in an arc furnace, and annealed at
870 K under vacuum for 350 h. Single crystals
were selected from the sample by mechanical
fragmentation. They exhibit metallic lustre
whereas the ground powders are dark grey.

The crystal structures of the compound were
investigated by X-ray single-crystal diffraction.
The reflections intensities were measured with
graphite-monochromatized Mo Ka radiation
on an KM4CCD diffractometer at 293(2) K. The
structures were solved by direct methods and
refined by the SHELXL-97 program package [8]
with anisotropic atomic displacement parame-
ters. The composition of the investigated sin-
gle crystal was analyzed in a scanning electron
microscope with an EDAX Genesis XM4 spec-

trometer. The experimentally determined com-
position of the grain of is close to the composi-
tion calculated from the structure refinements.
The crystallographic data and details on the
data collection for Pr,Co,Ge. , are listed in Ta-
ble 1. The structure was refined in space group
Cmmm with anisotropic atomic displacement
parameters. A final electron-density difference
map was flat and did not reveal any signifi-
cant residual peaks. The majority of the crys-
tallographic positions are fully occupied. The
exception is the positions Ge4, Ge5 and Ge®6,
which are occupied only on 0.215, 0.287 and
0.361 accordingly. Due to such low occupation
if these positions the U, has been calculated
instead of anisotropic displacement parame-
ters. Final atomic positional and displacement
parameters of Pr,.Co,Ge_, compound are pre-
sented in Table 2.
Table 1.

Crystal data and structure refinement details for Pr,.Co,Ge. .

Empirical formula

Formula weight

T,K

Space group

Pearson code

Unit cell dimensions, A
Volume, A’

No. formula units per unit cell
Calculated density, g:cm™
Absorption coefficient, mm™!
F(000), e

Crystal color

6 range for data collection

Index ranges

Pr.Co,Ge._ .,

524.36

293(2)

Cmmm

0C24,72

a=4.236(1), b =25.994(5), c = 4.272(1)
470.4(2)

2

7.404

40.553

910

metallic

10.60-30.50

-3<h<6, -35<k<34, -5</<6
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Table 1.

Measured reflections 3325
Independent reflections / R | 422 /0.1888
Reflections with I > 2 o(I) / R, 311/0.0892
Data / restraints / parameters 422/0/31
Goodness-of-fit on F* 1.170
Final R1/ wR2 [I > 2 o(I)] 0.0760 / 0.1900
Final R1 / wR2 (all data) 0.0975 / 0.2044
Largest diff. peak / hole, e A3 3.391/-4.018
Table 2.
Atomic coordinates and thermal displacement parameters for Pr,Co,Ge._ ...
Atom | Wyckoft Site G x y z Ueq, A2 0 A2
Prl 4 1 0 0.31584(6) 0.5 0.0161(6)
Pr2 2a 1 0 0 0 0.0145(7)
Co 4i 1 0 0.13092(15) 0 0.0180(9)
Gel 4j 1 0 0.09140(13) 0.5 0.0190(8)
Ge2 4i 1 0 0.22086(13) 0 0.0159(7)
Ge3 4i 1 0 0.40856(13) 0 0.0203(8)
Ge4 4j 0.215(1) 0 0.4480(6) 0.5 0.015(2)
Ge5 4 0.287(1) 0 0.4734(4) 0.5 0.015(2)
Geb 2c 0.361(2) 0.5 0 0.5 0.015(2)
Atom U, U, U, U,=U,=U,
Pr1 0.0190(9) 0.0208(10) 0.0086(8) 0
Pr2 0.0178(10) 0.0168(11) 0.0088(9) 0
Co 0.0218(16) 0.0221(19) 0.0099(13) 0
Gel 0.0267(15)  0.0220(16) 0.0082(11) 0
Ge2 0.0167(13) 0.0199(14) 0.0111(11) 0
Ge3 0.0201(14) 0.0260(18) 0.0149(12) 0
https://ucj.org.ua 5
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The interatomic distances (8), the values of
interatomic distances reductions from the sum
of atomic radii and coordination numbers of
atoms for Pr,Co,Ge_, listed in Table 3 (values
of the atomic radii are taken from [9]: (Pr) =
1.828 A, r(Co) = 1.253 A, r(Ge) = 1.220 A).

The majority of interatomic distances are in
good agreement with the sum of atomic sizes.
Some Ge-Ge interatomic distances are rather
short and another one are rather long in com-
parison with the sum of the respective atomic
radii.

Table 3.

Interatomic distances (§), A values (A = 100(Xr — §)/ Xr, where Xr is the sum of the respec-
tive atomic radii) of Pr,Co,Ge7.36 compound (alternative positions are italicized).

Atoms | 5, A | A, % | Atoms | S, A | A, %
Prl 4 Ge2 3.156(1) 3.4 Ge2 1 Col 2.338(5) 5.8
2 Gel 3.209(3) 5.0 2 Ge2 2.604(3) 6.3
2 Ge3 3.220(3) 5.3 4 Prl 3.156(1) 34
2 Ge2 3.265(3) 6.6 2 Prl 3.265(3) 6.6
4 Col 3.311(2) 6.9 Ge3 2 Col 2.354(2) 5.0
1 Ge4 3.435(16) 11.3 2 Ged 2.369(7) -3.0
2 Prl 4.025(2) 9.2 2 Ges 2.721(7) 10.3
Pr2 4 Ge6 3.008(1) -1.3 4 Gel 3.008(1) 18.9
8 Ge5 3.087(2) 1.3 2 Pr2 3.184(3) 43
4 Ge3 3.184(3) 4.3 2 Ge6 3.196(3) 23.7
4 Gel 3.195(3) 4.6 2 Prl 3.220(3) 5.3
8 Ge4 3.298(6) 7.6 Ge4 2 Gel 2.353(7) -3.7
2 Col 3.403(4) 9.5 2 Ge3 2.369(7) 3.0
Co 1 Ge2 2.338(5) -5.8 1 Ged 2.703(22) 9.7
2 Ge3 2.354(2) -5.1 4 Pr2 3.298(6) 7.6
2 Gel 2.370(2) -4.3 1Prl 3.435(16) 11.3
4 Prl 3.311(2) 6.9 Ge5 2 Gel 2.706(7) 9.8
1 Pr2 3.403(4) 9.5 2 Ge3 2.721(7) 10.3
Gel 2 Ge4 2.353(7) -3.7 4 Pr2 3.087(2) 1.26
2 Col 2.370(2) -4.3 Geb6 4 Pr2 3.008(1) -1.3
2Ge5 2.706(7) 9.8 4 Gel 3.183(3) 23.3
4 Ge3 3.008(1) 18.9 4 Ge3 3.196(3) 23.7
2 Ge6 3.183(3) 23.3
2 Pr2 3.195(3) 4.6
2 Prl 3.209(3) 5.0

ISSN 2708-129X. VKp. Xim. XypH., 2022
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The projection of the crystal structure of
Pr,Co,Ge_ ., on the ab plane and the coordina-
tion polyhedral (CP) of the atoms are shown
in Fig. 1. It must be noted that some coordi-
nation polyhedrons are rather unusual due
to partial occupation of crystallographic po-
sitions and some disordered of the structure
in comparison with the structure of prototype
La,Co,Sn.. Moreover, the Ge4, Ge5 and Ge6
atoms are too close and cannot be in one re-
gion simultaneously. Therefore, only one of
these atoms can be in one region, respective-
ly, or the Ge4, or the Ge5 or the Ge6 atom is
included to coordination polyhedra as well
(such positions are marked in Table 3 with
italics). Additionally, only the Ge6 atoms are
indicated in Fig. 1 and 2 for clarity. The coor-
dination polyhedra for the Pr atoms have from
17- and 20-vertices and consist of the atoms of
all sorts. The coordination sphere of the Prl
atoms consist of 11 germanium atoms, four
cobalt and two praseodymium atoms, which
form of a very irregular polyhedron. The Pr2
atoms are surrounded by 12 Ge atoms and

two Co atoms. Eight germanium atoms form
distorted square prism (if the Ge6 atoms are
taken) with four additional germanium atoms
on the side faces. The one cobalt atom is lo-
cated above each of the square bases of this
prism. The Co atoms are surrounded by five
germanium atoms and five praseodymium
atoms. The CP can be described as pyramid
with quadrangular base with additional atoms.
The coordination number of the germanium
atoms are ranges from 8 to 12. The Gel and Ge3
have similar coordination polyhedral, which
can be described as tetragonal prism with four
additional atoms opposite sides. The Gel and
Ge3 atoms are surrounded by four praseo-
dymium atoms, two cobalt and six germani-
um, two of which are two Ge 4 or two Ge5 or
two Ge6. The CP of the Ge2 atoms is tricapped
trigonal prism, which consist of all three types
of atoms. The CP of Ge 4 atoms are similar to
the CP of the Co atoms. The tetragonal anti-
prism is the CP of the Ge5 atoms. The Ge6
atoms are surrounded of by four Pr and eight
Ge atoms.

https://ucj.org.ua

Fig. 1. A projection of the
Pr,Co,Ge,,  unit cell on ab
plane and a view of the coordi-

nation polyhedra of the atoms.
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The structure of Pr,Co,Ge_, can be con-
sidered as a partly disordered derivative of the
La,Co,Sn, type. The main difference between
these structures is in the additional position of
the Ge atoms. The (2¢) position of Ge6 atoms
in the structure of our compound is partially
occupied and two additional split positions
(47) of Ge 4 and Ge5 atoms are partially oc-
cupied as well. All these three postion can be
considered as displacement of some Ge atoms

from (2c¢) in (4j) with simultaneous splitting.
The Pr,Co,Ge, , structures can be de-
scribed as packing of two types polyhedra
with the Pr in the center (Fig.2). First polyhe-
dral is cuboctahedra [Pr2(Ge ,)] similar to the
AuCu,-type slabs with two partly occupied
sites of Ge atoms, one of which is split. The se-
cond one is slightly distorted hexagonal prism
[Pr1(Co,Ge )] with two additional germani-

um atoms opposite the side faces.

¢ o 9

R

¢

0\
«

- b
50—0\
¢

Fig. 2. Packing of [Pr2(Ge,,)] (yellow) and [Pr1(Co,Ge, )] (blue) slabs
in the Pr,Co,Ge_,_ structure.

CONCLUSIONS. The crystal structure of
ternary compound Pr,Co,Ge_, have been in-
vestigated in detail using single crystal X-ray
data for the first time. This compound is disor-
dered derivative of the La,Co,Sn_-type struc-
ture.
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KPUCTAJIIMHA CTPYKTYPA HOBOIr0 FEPMA-

HIRY Pr,Co,Ge, .
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[orpitiny cucremy Pr-Co-Ge pocmimxy-
Ba/u i panime. Tak, 6y1o mobyzmoBaHo i3oTep-
MIYHUIT TIepepis JiarpaMu II CTaHy B IIOBHOMY
KOHLIEHTpaL[ilHOMY iHTepBa/li Ta 3Hali[IEHO
icHyBaHHA 13 TepHapHux cnonyk. OpHak,
KPUCTaMI4YHY CTPYKTYPY BOCIIIKEHO JINILE [T
KizbKOX i3 Hux. ITig yac 6i1bII IeTaIbHOTO [O-
crnimpxennsa cucremn Pr-Co-Ge sHalifieHO HOBY
norpiiiay cionyky Pr,Co,Ge, , Ta BCTAHOB/IEHO
il KPUCTa/IiYHy CTPYKTYPY METOLOM MOHOKPM-
cTaiy. 3pa3oK CMHTE30BaHO METOJOM €/1eKTPO-
JlyTOBOTO I/TaB/IeHH:A. MOHOKpMCTa BifjibpaHo
31 3paska, BifimasieHoro 3a temneparypu 870 K
BIIpofoBX 350 rof. Macus eKcIlepyMMEHTa/Ib-
HUX IHTEHCHMBHOCTEe! BifOMTH OTpMMaHO Ha
aBTOMATMYHOMY MOHOKPJCTa/IbHOMY An(pak-
tomeTpi KM4CCD (MoKa-mpominas). CTpyk-
Typy BU3HA4YE€HO NIPAMUMI METOIAMU 32 [OIIO-
MOrow Komiulekcy mnporpam SHELX-2018/3.
[TapameTpy TemIOBOro 3MillleHHA YCiX aro-
MiB YTOYHEHO B aHi30TPOIIHOMY HaOJVDKEHHi.
Kpucraniuny crpykrypy cnonyku Pr,Co Ge,
(Cmmm, a = 4,236 (1), b = 25,994(5), ¢ =
4272(1) A, Z = 2) moxHa PO3IJIAATY SIK Ya-

https://ucj.org.ua

CTKOBO HEBITOPAJKOBaHMI BapiaHT CTPYKTYpH
tuity La,Co,Sn.. binbmicts kpucranorpadiy-
HUIX MTO3NUILIN B CTPYKTYPi JOC/TIIPKEHOI CIIOMYy-
KU € TIOBHICTIO 3aliHATUMHA. BUHATKOM € 11031-
nii Ge4, Ge5 i Ge6, ki 3aitHaTi e Ha 0,215,
0,287 i 0,361 yacTkm BimmoBigHO. bBinblIicTh
MDKaTOMHMX BificTaHeill BoOpe y3TOKYITb-
CA 3 CyMOIO aTOMHMX PO3MipiB, 32 BUHATKOM
nmeakux BigcraHelt Ge-Ge, ofHi 3 AKUX € MIeI0
KOpOTIIMMY, A iHIIi el0 JOBIIVMY IIOPIBHA-
HO i3 CyMOIO BifITIOBiJHMX aTOMHMX pajiyciB.
Kooppunaniiizi nomiefpu aTomMiB € TUIIOBUMHI
IUIA TOAiOHMX CTPYKTYP, IIPOTE BOHM € HEILI0
BiMiHHI Bifi BiJIOBIJHMX IIONi€ApPiB aTOMIB
y crpykrypi mporotuny La,Co,Sn . Ile Mox-
Ha IIOSACHUTU [EAKOK PO3YIOPANKOBaHICTIO
crpykrypu crnonyku Pr.Co,Ge, . Ta HasBHic-
TIO PO3ILEIUVIEHNX MO3ULiN aTOMIB I'eépMaHilo.
Kooppunaniiini noniefpn aToMiB npaseopumy
MaroTh 17 1 20 BepIIMH i CKIaJal0ThCA 3 aTOMIB
ycix copriB. Koopaynaniiianii nomiefp aromis
K00aJIbTy MO>KHA OIIMCATH AK IipaMify 3 4oTn-
PUKYTHOIO OCHOBOIO, IIOOYZOBAHOI 3 aTOMiB
Ipa3eofyIMy, 3 I ITbMa JOATKOBYIMIU aTOMaMy
repMaHilo HaBIIpOTH ycix rpaHeit. Koopaunari-
JIHE YMC/IO aTOMIB IepMaHil0 KOMMBAETbCA Bif
8 mo 12.

Crpykrypy cnonyku Pr,Co,Ge, . MoOxHa
IPeCTaBUTH K YIAKOBKY JBOX BUJIB IIOJi-
enpiB, NOOY/JOBaHMX HABKO/IO aTOMiB IIpase-
opumy. Ilepmmit nonienp — e Ky60KTaean,
nofiibHi [0 BIAUOBIZHMX Yy CTPYKTypi THITy
AuCu, 3 BOMa YaCTKOBO 3ailHATUMU TIOJIO-
JKeHHAMU aToMiB Ge, OffHe 3 AKX pOo3LIenie-
He. [HIIMIT momiefip — 1€ 3/IerKa CIIOTBOPEHA
reKcaroHajbHa IIpu3Ma 3 JBOMa JIOaTKOBUMMU
aTOMaMU repMaHilo HaBIPOTY OIYHMX TpaHel.

KnrouoBi cmoBa: mpaseogum, KobOasbT,
KpUCTa/lTi4Ha CTPYKTypa, METOJ, MOHOKPMUC-
Tay.
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