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Abstract. Seven new ternary RZn;:xGasx (R = Ce, Pr, Nd, Sm, Ho and Er) and CesZn,Ga;;7 phases
are synthesized for the first time. Their crystal structures are solved on basis of X-ray powder
diffraction data. The above mentioned compounds belong to the BaAl,s (space group /4/mmm) and
RbsHg9 (space group /4/m) structure types. Details of the structure of the CesZn,Ga;7 compound
and relationship with RZn;Gayix (BaAls type) and R3Zng Gasix (LazAl;; type) are briefly
discussed.

Introduction

The rare earths-transition metal-gallium systems have been intensively investigated in recent
years with respect to their phase relations, crystal structures and magnetic and transport properties
[1-4]. However, among them, the R-Zn-Ga systems were poorly studied: the phase diagram, crystal
structure and physical properties of the compounds from the Yb-Zn-Ga system were reported in [5-
71; structural and magnetic studies on the RZn, yGa,x (R = La, Ce, Pr, Nd, Sm, Eu, Gd, YD) phases,
with BaAls and/or CaCuy 5Gasgs structure types, can be found in [8-11]; identification of the new
intermediate phases with the CeCu,, Caln,, CeCd, and AlB; structure types from the RGa,-RZn; (R
=Y, La, Ce, Pr, Sm, Eu, Gd, Dy, Er, Tm) cross-section are published in [12,13]; structural studies
on the new representatives with BaAly (RZn, \Gay, R =Y, Gd, Tb, Dy), LazAl;; (R3ZngGas, R
= Dy, Ho, Er, Tm, Lu) and BaHg;; (RZn¢xGa,x, R =Y, Gd, Tb, Dy, Ho, Er, Tm) structure types
are given in [14,15]; investigations on the YZnyGa, 4 alloys are reported in [16]; single crystal
studies of the defected Las.<Zn; sGa; s phase with WsSi3 are shown in [17]. Herein, we present data
on the crystal structure of other new ternary phases from the R-Zn-Ga systems.

Experimental details

Metals with nominal purities > 99.95 wt. % (rare earth ingots, Zn spheres and Ga pieces) were
used as starting materials. The samples, with a total weight 0.5-1.0 g, were prepared by heating the
elements under vacuum at T > 900°C inside quartz ampoules, followed by annealing at 400°C for 1-
3 months and quenched by submerging the quartz tubes into cold water.

X-ray phase and structural analysis were performed using a PANalitical X’Pert Pro
diffractometer (Cu Ko-radiation). The scans were taken in the 6/20 mode with the following
parameters: 20 region 15-120° step scan 0.03° counting time per step 15-20 s. The lattice
parameters were obtained by least-squares fitting using the Latcon program [18]. The FullProf [19]
program was used for Rietveld refinements. Pseudo-Voigt profile shape function was used. The
background was refined with a polynomial function.

Results and discussion

Six new ternary phases, with BaAly structure type, were identified in the annealed alloys with the
CeZnGas, RZn;sGays (R = Ce, Pr, Nd, Sm and Ho) and ErZn,;5Ga,s compositions. Their
calculated lattice parameters, as well as atom coordinates and thermal parameters are given in Table
1. The formation of RiZng Gasz« (0.5 < x < 4) phases with LazAl;; structure type was also
confirmed in the annealed alloys. As examples, X-ray diffractograms of SmZn;sGa,s and
Er;ZnsGa; are shown in Fig. 1a and 15, respectively. The relation between the structures of R-Zn-
Ga phases with BaAl, and LazAl;; structure types was discussed in [14,15].

All rights reserved. No part of contents of this paper may be reproduced or transmitted in any form or by any means without the written permission of TTP,
www.ttp.net. (ID: 193.136.74.100-12/10/12,12:00:32)


http://www.ttp.net

6 Solid Compounds of Transition Elements Il

Table 1. Crystallographic data for RZn, yGa,.x phases (BaAls-type structure, [4/mmm, Z = 2)

Phase CeZn; 5Gay 5 PrZn; sGa, s NdZn, sGa, 5 SmZn,; sGa, 5 HoZn, sGa, 5 ErZn,; ;5Gay »s

Lattice parameters:

a(A) 4.2758(1) 4.2421(2) 4.2171(1) 4.1764(1) 4.0973(3) 4.0817(2)

c(A) 10.6680(3) 10.6865(5) 10.7134(3) 10.7534(3) 10.8177(9) 10.8443(5)

V(A% 195.03(1) 192.31(1) 190.52(1) 187.56(1) 181.61(3) 180.72(2)

Reliability factors:

Rg, Rr (%) 5.28,4.44 6.03, 3.57 5.85,4.63 7.70,5.27 7.20,4.53 7.38,5.89

Ry, Ry (%) 8.84,11.6 10.7,13.9 9.71,12.7 10.2,13.5 14.0, 18.0 11.8,15.9

Atom coordinates and thermal parameters:

R (000), 1Ce 1Pr INd 1Sm 1Ho 1Er

By (A% 1.12(4) 0.92(4) 0.95(3) 0.94(4) 1.30(15) 0.98(6)

MI1(0 2 Va), M M IM IM M IM

Biso (A% 1.16(5) 1.52(6) 1.38(5) 1.26(5) 1.52(16) 0.89(7)

M2 (00 z2), M M M M M IM

Bis, (A% 0.38483(15) 0.38578(17) 0.38624(15) 0.38635(18) 0.3889(4) 0.3906(3)
0.84(5) 0.84(5) 0.84(4) 0.90(5) 0.90(11) 1.17(8)

Mixture M 3/8Zn+5/8Ga  3/8Zn+5/8Ga  3/8Zn+5/8Ga  3/8Zn+5/8Ga  3/8Zn+5/8Ga 7/16Zn+9/16Ga
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Fig.1 X-ray diffraction patterns of SmZn; sGay s (@), Er;ZnsGa; (b) and CesZn,Gay7 (¢).

X-ray analysis of ~CeyoZn;9Gayo as-prepared alloys at 1000°C indicated the existence of a new
compound and monophasic samples were obtained for the CeysZng4Gazs (CesZnyGa;y)
composition. XRD data was successfully indexed within a tetragonal unit cell, and taking into
account stoichiometry, symmetry and two possible space groups (I4/m or 14), the RbsHg structure
type was chosen as a model for the crystal structure refinement. Results of such refinement can be
seen in Fig. 1c. Atoms parameters as well as interatomic distances are given in Tables 2 and 3. The
shortest interatomic distances are in the good agreement with the sum of the atomic radii of pure
metals. Due to the small difference between Zn and Ga scattering factors, statistical mixture of
these elements was presented as M = 0.10Zn + 0.90Ga. Ce atoms occupy the Rb sites, while small
atoms M (Zn and Ga) are distributed over the Hg positions. It should be noted that the final XRD
refinement indicates a partial occupation of the 2a, 4d and 16i Wyckoff positions. Similar tendency
was also observed for other gallides, RsAg>.«Gai7.y (R = Gd, Tb), with RbsHg¢ structure type [20].
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Table 2. Atom coordinates and isotropic displacement parameters of CesZn,Ga;; (RbsHgo-type
structure, /4/m, Z = 2), with lattice parameters a = 9.7240(2) A, ¢ = 10.1108(3) A, V' =956.03(4) A’

Atom Site X y z Biso (A7) Occ.
Cel 2 0 0 v 1.0Q2) 1Ce
Ce2 8h 030743)  0.10574) 0 0.9(1) 1Ce
M1 2a 0 0 0 0.94) 0.78M
M2 4d 0 v Ve 0.8(3) 0.91M
M3 16i 0.2053(6)  0.3963(7)  0.12483)  0.9(1) 0.94M
M4 16i 0.0869(5) 0.1788(4) 0.2297(4) 0.8(1) 1M

Rg = 8.54%, Rr = 6.48%, R, = 10.3 %, M = 0.10Zn + 0.90Ga

Table 3. Interatomic distances and coordination number of the atoms in the CesZn,Ga;.

Atoms d(A)/CN Atoms d(A)/CN Atoms d(A)/CN
Cel- 16 M2- 8 MIl- 12
8M3 3.290(6) 4M3 2.570(5) -8M4 3.022(4)
-8M4 3.348(4) -4Ce2 3.310(2) -4Ce2 3.161(3)
Ce2- 13 M3- 9 M4- 9
-1M1 3.161(3) -1M3 2.524(4) -1M3 2.604(7)
2M4 3.235(5) M2 2.570(5) IM3 2.621(7)
M4 3.240(5) M4 2.604(7) M3 2.631(7)
M3 3.250(7) “1M4 2.621(7) -2M4 2.734(6)
M3 3.291(7) M4 2.631(7) 1M1 3.022(4)
M2 3.3102) -1Ce2 3.250(7) -1Ce2 3.235(5)
M3 3.389(7) 1Cel 3.290(6) 1Ce2 3.240(5)
-1Ce2 3.291(7) J1Cel 3.348(4)
1Ce2 3.389(7)

Projection of the CesZn,Ga,; structure on the XY plane is shown in the top of Fig. 2a. Unit cell is
marked by bold dark lines. This phase can be seen as an intergrown structure of the two types of
internal and/or external deformed BaAly-like unit cells (slabs) along z axis. Here, the tetragonal
BaAl, subcells with @y = 4.267 A and ¢y = 10.111 A are shown by dotted squares. Calculated “ao
of deformed BaAly subcell vary between 4.273 and 4.267 A. The sharp angle £Ce2 is equal to
87.3°. Similar to the RZn,.«Ga,x phases with BaAly type, the small M (Zn and Ga) atoms form a
three-dimensional network in the structure of CesZn,Ga,;. Part of these nets is shown in the centre
and bottom part of Fig. 2a. Surroundings of the Ce and M (Zn and Ga) atoms are also similar to the
BaAlj, type phases.

Fig. 2b shows the relationship between the BaAly, LasAl;; and RbsHg)g structures of the R-Zn-
Ga phases. The last two structures can be interpreted as a defected variant of the BaAly structure
type, where the collapsing of part of the small atoms is observed. The general formula A,Ba4,.,, can
be used to describe such structures, with # - number of the BaAl, subcell (with lattice constants a
and ¢y) and m - pair of collapsing atoms (2 — 1). Transformations of above mentioned structure are
following: (LaAl4)3 = La3A112 —> La3A111 (l’l = 3, m = 1; a ~ dp, b~ Cp, C ~ 300) and (Rng4)5 =
RbsHgyy — RbsHg9 (n =5, m=1; a ~ \/Sao, ¢ ~ ¢p). A more detailed description of the RbsHgo
type can be found in [21].
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Fig. 2 Projection of CesZn,Ga;; on XY plane and three-dimensional [ZnGa] network (a) (dark filled
circles represent Ce atoms; Zn and Ga atoms are represented by white balls). Relationship between
BaAly, LasAly; and RbsHg)g structure types (b).

Conclusions

Seven new phases, namely, RZn;Ga; 4 (R = Ce, Pr, Nd, Sm, Ho and Er) and CesZn,Ga,;, were
identified by means of X-ray diffraction. They belong to the known structure types BaAls and
RbsHg9, respectively. Crystal structures of the title compounds were fully investigated. The
coordination of the atoms, interatomic distances and relation with other structures of the
CesZn,Ga;7 compound were discussed. The available data on the R-M-X (R - rare earth, M - Zn and
Cd, X - Al and Ga) systems point to the possibility of existence of new compounds of the above
cited structure types in the yet unexplored systems.

Acknowledgements

This work was partially supported by FCT, Portugal, under the contract No.
PTDC/CTM/102766/2008. The FCT Grant No. SFRH/BPD/34840/2007 for the research work of
Yu.V. at ITN, Sacavém, Portugal is highly appreciated.



Solid State Phenomena Vol. 194 9

References

[1]

[2]
[3]

[4]
[3]
[6]
[7]

[8]

[9]

[10]
[11]
[12]
[13]

[14]

[15]

[16]

[17]

[18]
[19]

[20]

[21]

O.1. Bodak, E.I. Gladyshevskii, Ternary systems containing rare earth metals, Vyshcha
Shkola, Lviv, 1985.

Yu. N. Grin, R.E. Gladyshevskii, Gallides, Metallurgiya, Moscow, 1989.

P. Villars, Pearson's Handbook, Crystallographic data for intermetallic phases, ASM
Materials Park, OH, 1997.

A.O. Fedorchuk, Intermetallides of gallium and rare-earth elements. Synthesis, structure,
properties, Thesis, Lviv, 2006.

Yu. Verbovytskyy, A.P. Gongalves, The Yb-Zn-Ga system: partial isothermal section at
400°C with 0-33.3 at.% Yb, Intermetallics 18 (2010) 655-665.

Yu. Verbovytskyy, L.C.J. Pereira, A.P. Gongalves, Crystal structure and magnetic properties
of YbZl’lg.3_9.2Ga2.7_1.g with BaHgU, J. Alloys COl’l’lpd 509 (201 1) L14-L17.

Yu. Verbovytskyy, L.C.J. Pereira, E.B. Lopes, A.P. Gongalves, Crystal structure and
properties of the new ternary YbZn,Gasx and YbsZn;; \Gay phases, Intermetallics 19 (2011)
1989-1995.

Yu. Verbovytskyy, D. Kaczorowski, A.P. Gongalves, Novel RZn,Ga, (R=La, Ce, Pr, Nd,
Sm) intermetallic compounds with BaAly structure type, J. Alloys Compd. 508 (2010) 20-
23.

Yu. Verbovytskyy, K. Latka, J. Przewoznik, A.P. Gongalves, Crystal structure and magnetic
properties of GdZn,Ga,, Intermetallics 22 (2012) 106-109.

Yu. Verbovytskyy, D. Kaczorowski, A.P. Gongalves, On new ternary phases from Eu-Zn-T
(T = Al and Ga) systems, Intermetallics 19 (2011) 613-620.

Yu. Grin, K. Hiebl, P. Rogl, Crystal structure and magnetism of YbTxGasx, T = Zn, Cd with
the BaAls-type, J. Alloys Compd. 227 (1995) L4-L5.

A. liandelli, Crystallographic studies of some pseudobinary intermetallic systems of rare
earths, J. Less-Common Met. 169 (1991) 187-196.

R. Pottgen, G. Kotzyba, F.M. Schappacher, B.D. Mosel, H. Eckert, Yu. Grin, Structure and
properties of EuZnGa, Z. Anorg. Allg. Chem. 627 (2001) 1299-1304.

Yu. Verbovytskyy, N. Leal, A.P. Gongalves, New representatives with BaAls, LazAl;; and
BaHg;; structure types from the R-Zn-Ga systems (R = Y, Lu, Gd-Tm), Intermetallics 19
(2011) 1080-1084.

I. Hajduk, M. Chykhrij, B. Stelmakhovych, New ternary gallides in Re-Zn-Ga systems with
BaAl, and LasAlyj; types of structures, Visnyk Lviv Univ. Ser. Chem. 52 (2011) 100-106.
J.-T. Zhao, D.-K. Seo, J.D. Corbett, Synthesis, structures and properties of CaGa, YGa and
Y(Ga, Z) phases: a model for the transformation of a CrB to a MoB-type structure in doped
Y Ga phases, J. Alloys Compd. 334 (2002) 110-117.

A.K. Ganguli, S. Gupta, J.-T. Zhao, E.A. Leon-Escamilla, J.D. Corbett, Inherent instabilities
of some W;Sis-type binary phases with large electropositive metal atoms: Six examples in
the Ba-Pb, Ca-Sn-Mg,Cu,Zn, and La-Ga-Al,Zn systems, J. Solid State Chem. 178 (2005)
2959-2972.

D. Schwarzenbach, Program LATCON, University of Lausanne, Switzerland, 1975.

J. Rodriguez-Carvajal, T. Roisnel, FullProf.98 and WinPLOTR: new Windows 95/NT
applications for diffraction commission for powder diffraction, International Union for
Crystallography, Newsletter Ne 20 (May-August), Summer, 1998.

R.V. Gumeniuk, L.G. Akselrud, Yu.B. Kuz’'ma, Compounds Lns(Ag,Ga) 9 (Ln = Gd, Tb) -
defective partially ordered representatives of the RbsHg)¢ structure type, Z. Naturforsch. 60b
(2005) 929-932.

E. Biehl, H.J. Deiseroth, RbsHg;o: A new defect variant of the BaAl,s structure type, Z.
Anorg. Allg. Chem. 625 (1999) 389-394.



