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The new intermetallic compound CaCu, ,,Ga; z; was found dur-
ing the investigation of the stability of the BaAl, structure type in
ternary gallium-containing systems. The crystal structure has been
investigated by means of a powder diffraction technique. The ex-
perimental diffraction data set has been obtained by the use of a
Ge(111) primary monochromator and a linear position sensitive
detector. The sample was mcasured in transmission mode using
CuK o, radiation in the range from 10° to 130° in 20 with a step
width of 0.02°. Unit cell parameters have been determined by
means of automatic indexing and refined from the diffraction
angles of 45 reflections: monoclinic system, a = 11.5741(2) A, b =
4.2264(1) A, c = 4.3573(1) A, B = 110.499(1)°, V = 199.65(1) A%,
space group C2/m. Full profile refinement of coordinate and aniso-
tropic thermal displacement parameters led to the residuat values
R(I) = 0.058 and R(P) = 0.155 for all 193 reflections possible in
the range measured. The final values of the atomic coordinates
are as follows: 2Cain 2(a)06 6, B, = 1.0(2) A2 4(Gay 56,Cug 0391
in 4(i) x0z, x = 0.3858(1), z = 0.4099(5), B, = 0.50(7) A%
4Gag 96, Cuig 03p)2 in 4(i), x = 0.2524(2), z = 0.7764(4), B~
0.66(7) A2. Atomic coordination numbers are 20 for Ca, 9 for
(Gaﬂ_%zcu“_nag)l, and 12 for (Gao'gﬁzcu‘]_om)z. The shortest in-
teratomic distances are observed between gallium (copper) atoms:
2.485, 2.568, 2.605, and 2.655 A. The structure of CaCuy ;sGa; g
is the first representative of a new structure type and is de-
scribed as a distorted variant of the BaAl, structure type:
(@, B, €)cacuy qGay, = (@ B Opany, X (1,9, 151,0, 0,0, 1, 0). Isotypic
compounds were found in the ternary systems {Ca, Yb}-{Ni, Pd,
Pt, Cu, Ag, Au}-Ga.  © 1995 Academic Press, Inc.
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INTRODUCTION

The BaAl, type of structure is very significant among
the ternary gallides of rare earth (alkaline earth) and tran-
sition metals. A large group of ternary phases in the sys-
tems RE-{Co, Ni, Cu, Pd, Ag, Pt, Au}-Ga (see, for exam-
ple, (1)) and {Ca, Sr, Ba}-{Ag, Au}-Ga (2) has been found
to have this type of structure. The binary gallides rarely
have the 1 : 4 stoichiometry and this structure type; excep-
tions are EuGa, (3), SrGa, (4}, and BaGa, (4). The struc-
ture of the compounds CaGa, (5) and YbGa, (6) can be
described as the monoclinically distorted variant of the
BaAl, type. Another way to stabilize this structural mo-
tive in the systems mentioned above is the building of the
defect derivatives: for example, the RE;Ag, Ga,,_, phases
with the La,Al,, structure type (7) or the new compound
Yb;Au; sGas 5 with its own structure type (8). During the
investigation of the stability of the BaAl, structure type
in the ternary gallium-containing systems, we found new
phases with a constant content of 20 at.% of Yb or Ca
and a very small amount of the transition metal. The
aim of this work was the structural analysis of the new
compounds found.

EXPERIMENTAL

The samples, each with a total mass of about 2.5 g,
were prepared from stoichiometric amounts of ingots of
the elements with a minimum purity of 99.9 mass% in
tantalum crucibles in a high-frequency furnace under
argon (SN purity grade, Messer—Griescheim). Weight
losses were found to be within 0.5 mass%. Homogeniza-
tion heat treatment was performed for 300 hr at 600°C
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on samples wrapped in protective molybdenum foil and
sealed in evacuated silica tubes, and was followed by
quenching in cold water.

For the crystallographic characterization of the phases
found, Enraf—-Nonius Guinier FR552 cameras with mono-
chromatized CuKe, or FeKq, radiation were used.

The experimental diffraction data set was obtained on
a STOE STADI P focusing monochromatic beam diffrac-
tometer (9) equipped with a curved Ge(111) primary
monochromator and a linear position sensitive detector.
The samples were measured in transmission mode using
CuKa, radiation in the range from 10° to 130° in 26 with
a step width of 0.02°,

Data treatment, structure solution, and presentation
were performed using the CSD (crystal structure determi-
nation) program package (10).

RESULTS AND DISCUSSION

Phase Formation

Ternary phases with the composition RM,Ga,_, have
been found in the 11 systems {Ca, Yb}-{Ni, Cu, Pd, Ag,
Pt, Au}-Ga. Some of them exist in a narrow temperature
range: the characteristic powder pattern of YbPd, ,Ga,
and YbPt, »sGa; g5 can be recorded only immediately
after heat treatment at 600°C, as the material is unstable
with time. The as-cast samples and the samples heat
treated at the lower temperature (400°C) reveal mainly
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the original BaAl, structure type. No ternary compound
with the new structure type was found in the Ca—Pt-Ga
system. The solid solution of Pt in CaGa, was found
at 600°C in the sample CayPt,Gasg, and the sample
Ca,,Pt;Ga,y, always had the original BaAl, structure after
heat treatment at 600°C.

The new phases found are probably formed by chemical
reaction with a small amount of liquid or without a liquid
phase. No single crystals suitable for structure determina-
tion were obtained. Therefore, the crystal structure of
the CaCu, 5Ga; 35 and CaAgg ;Ga, 4 samples has been
investigated by the powder diffraction method.

Structure Solution

Diffraction angles and peak intensities for the Ca
Cuy 5G4, ¢s compound have been evaluated from the total
diffraction profile. Unit cell parameters have been deter-
mined by means of automatic indexing and refined from
the diffraction angles of 45 reflections: monoclinic system,
a=1157412) A, b = 4.2264(1) A, c = 4.3573(1) A, B =
110.499(1)°, V = 199.65(1) A%, with possible space groups
C2/m, C2, and Cm. The structure solution was deter-
mined in the space group C2/m by means of direct meth-
ods. The atomic coordinates of all three independent
atoms in the unit cell were evaluated using the reflections
with E > 1.0. Full profile refinement of coordinate and
anisotropic thermal displacement parameters led to the
residual values R(I) = 0.058 and R(P) = 0.155 for all 193
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FIG. 1.
differences in the same scale.

Measured (---) and calculated (—) diffraction profiles for CaCuysGa;gs are shown in the upper graph. The lower graph depicts
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TABLE 1
Structural Data of Ca(Cu, Ag,); ;sGa; 35 Compounds
{CaCu, 1sGa, g5 Structure Type, Space Group C2/m)

Composition CayCu;Gazy CayAgGay;
a (!:\) 11.5741(2) 11.5749(2)
b () 4.2264(1) 4,2654(1)
c (A) 4.3573(1) 4.3670(1)
B 11(.499(1} 110.753(1)
Ca in 2(a) 000
B 1.0(2) 0.20(1)
X1in 4(i) x0z
X1 0.962Ga 0.962Ga
+ 0.038 Cu + 0.038Ag
x 0.3858(1) 0.3868(2)
z 0.4099(5) 0.4076(6)
B 0.50(7) 0.69(35)
X2 in 4(i) x0z
X2 0.962Ga 0.962Ga
+ 0.038Cu + 0.038Ag
X (.2524(2) 0.2531(3)
z 0.7764(2) 0.7725(6)
B 0.66(7) 0.62(5)
Type of data Powder, full profile Powder, full profile
Number of reflections 193 195
R() 0.0577 0.0939
R(P) 0.1550 0.2124
d{Ca-X1) (A) 3.235(1) 3.248(2)
3.314¢1) 3.330(2)
d(Ca-X2) (A) 3.377(2) 3.410(3)
3.421(2) 3.418(3)
diCa-Ca) (A} 4.2264(1) 4.2654(1)
4,3573(1) 4.3670(1)
d(X1-X1) (;\) 2.485(2) 2.452(3)
d(X1-X2) (A) 2.568(2) 2.585(4)
2.605(2) 2.624(2)
2.655(3) 2.653(4)
d(X2-X2) (A) 2.883(2) 2.933(3)
3.184(2) 3.177(3)

reflections possible in the range measured. The experi-
mental and calculated diffraction profiles for the Ca
Cug 5sGa; ¢s compound are shown in Fig. 1.

The final values of the atomic coordinates are listed
in Table 1. In view of the small difference between the
scattering factors of Cu and Ga and the very small amount
of copper in the structure, no refinement of the occupation
coefficients for the X1 and X2 site positions was per-

GRIN ET AL.

FIG. 2. The structure view of CaCu, sGa, g along the y axis and
the coordination polyhedra of the atoms.

formed. No significant preferences in the distribution of
the transition metal atoms between the two possible sites
could be detected during the refinement of the structure
of the isotypic CaAg; sGa, g compound. Refinement was
performed with isotropic thermal displacement coeffi-
cients. The structural data are given in Table 1.

Crystal Chemistry

The crystal structure of the CaCu, sGa; g compound
is the first representative of a new structure type. The
space view of the structure and the coordination polyhe-
dra of all atoms are presented in Fig. 2. The coordination
number of the Ca atoms is 20; they are located in the large
holes of the gallium (copper) atom framework outlined in
Fig. 2. Gallium (copper) atoms have coordination num-
bers of 9 for the X1 site (the coordination polyhedron is
a tetragonal antiprism with an additional vertex in front
of the basic face) and 12 for the X2 site (the coordination
polyhedron is a strongly distorted cubooctahedron), The
interatomic distances observed between gallium (copper)
atoms (see Table 1) are significantly shorter than the sum
of the atomic radii (r5, = 1.39, re, = 1.28, and r., =
1.97 A).

All atomic environments are very similar to those in
the BaAl, type of structure, which confirms the close
relationship between these two structure types. In fact,
all phases having the CaCu, sGa, ¢ structure are located
on the isothermal section (600°C) of the ternary phase
diagrams between the binary compounds CaGa, (or
YbGa,) and are ternary phases with the BaAl, type of
structure. Therefore, the structure of CaCuy 5Ga; 35 can
be described as a distorted variant of the BaAl, structure
type with the unit cell relationship (a, b, €)cacuy ;iGay g5 =
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TABLE 2
Crystallographic Data of the RT,Ga,_, Compounds {CaCu, ,;Ga, 3 Structure Type,
Space Group C2/m)

Composition a (A) b (A) ¢ (A) B v (A%
CayCuyGayy 11.5741(2) 4.2264(1) 4.3573(1) 110.499(1) 199.65(1)
CayAgsGar 11.5749(2) 4.2654(1) 4.3670(1) 110.7531) 201.62(1)
CapAu,Gay 11.6495(8) 4.2571203) 4.35154) 110.632(5) 201.99(8)
CayNiGaz 11.5481(9) 4.2460(8) 4.3548(6) 110.65(1) 199.81(10)
CayPd,Gar 11.5414(2) 4.2750(9) 4.3626(2) 110.70(2) 201.35(8)
Yhy,Cu;Gary 11.4816(5) 4,2204(4) 4.3382(2) 110.594(6) 196.79(7)
YbyAg, Gars 11.5189(6) 4,2613(6) 4.3404(3) 110.857(8) 199.09(8)
YbyAuGay 11.5574(4) 4.2519(4) 4.3364(2) 110.666(4) 199.38(6)
Yb,,Ni;Gay 11.4839(9) 4.2482(8) 4.3326(3) 110.760¢10) 197.65(12)
Yh,PdyGarg 11.4818(4) 4.2397(3) 4.3442(23 110.626(5) 197.91(6)
YbyPt, (Gar s 11.5435(7) 4,2540(6) 4.3214(4) 110.913¢7) 198.03(11)

{a,b, c)BaAL‘ x{1,0,1;1,0,0;0, 1, 0). The structure of
the CaGa, type shows the next step of the distortion:
(a, b, C)CaGa4 = (a, b,c)BaAl_‘ X (1, =1, O; 0.5, —0.5, 0.5;
[, 1, 0}, The deformation stage is remarkably dependent
on the concentration: small amounts of transition metal
replacing gallium in the binary CaGa, (or YbGa,) com-
pounds again restore the original BaAl, type of structure.

Isotypic Compounds

The compounds isotypic to CaCuysGaye and
CaAg, ,sGa, 3 have been found in chemically related ter-
nary systems of ytterbium or calcium with gallium and
transition metals of nickel or copper groups. The unit cell

4,500
4,000 S =
T YbM{x)Gal4-x)
o 3.5001 C a
< - . T CaM{x)Ga{4-x)
z 3.0004 E e -
& 2500
2 20001 e
T 1.5001 . -
2 a
< 1.000 .
0.500 Ni Cu Pd Pt Au  Ag
ool — 1 ¥ iy id
1000 1100 1200 1300 1400 1500 1600 17.00 18.00
V(M)A

FIG. 3. Unit cell volume contraction Vage, = V) RM Ga,_, veISUs effec-
tive atomic volume of the transition metal (VM) for the ternary com-
pounds with the CaCuy sGa, g5 type of structure.

parameters were refined from the X-ray Guinier powder
patterns and are shown in Table 2. A ¢ontraction of the
unit cell volume of the ternary phases compared to binary
CaGa, (or YbGa,) compounds has been observed in alj
cases (Vi,g,, = 202. 8 A% (5), Viega, = 200.0 A (11)). The
unit cell volume contraction for YbM Ga,_, compounds
in all cases is larger than that for the 1sotypic calcium
phases (Fig. 3).
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