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This article reports on the synthesis and crystal structure of CePt3_xAlx (x = 0.73). According to single
crystal diffraction data, CePt; 27(1)Alo.73(1) compound crystallizes with the CeNi3 — type, space group P63/
mmpc, lattice parameters: a = 5.5634(5) A c= 16.6658(13) A, Z = 6, Ry = 0.033 for 385 reflections
(I > 20(I)). The CePt3_xAlx compound possesses homogeneity range extends a 0.61 < x < 0.81, as two

crystallographic positions occupied with a mixture of Pt and Al atoms.

© 2015 Elsevier B.V. All rights reserved.

1. Introduction

An investigation of the formation and crystal structure of the
intermetallic phases existing in the Ce—Pt—Al system was under-
taken few years ago. The results of the synthesis, crystal structure
and some properties of the twelve obtained ternary phases — CeP-
tAl, CePtAl,, CePtAls, CePt3Aly, Cegg7PtaAls, Ceq33PtsAlg, CePtsAls,
CesPtyAlg, CesPtsAl, CesPtsAly, CePtyAl, and CeyPtgAlig — have
been reported in papers [1—7]. Three of them — Ce3PtsAl,, CesPtsAl,
CePt3Al; — are located in the Pt-rich region of the Ce—Pt—Al system.
All three compounds do not have a homogeneity region. In this part
of the system, we have revealed one new intermetallic — CePt3_xAlx
of CeNis structure type with an extended homogeneity range. In
other Al-containing systems, for example Dy—Fe—Al and
Yb—Zn—Al, the compounds with such structure type and homoge-
neity ranges of various width were found. There is a DyFes_Alx
compound with homogeneity range of 0.40 < x < 1.20 [8] and
YbZns_4Aly compound with  homogeneity range  of
0.40 < x < 0.88 [9]. Herein, we report on synthesis and features
of the crystal structure of new intermetallic in the Ce—Pt—Al
system.

2. Experimental

The synthesis was performed by the reaction of elemental Ce
(99.85%), Pt (99.99%), and Al (99.999%) by arc melting under an
argon atmosphere on a water-cooled copper hearth. To ensure ho-
mogeneity, the ingots were turned over and remelted several times.
The alloys were homogenized in evacuated quartz ampoules by
annealing in muffle furnace at 700 °C for 30 days. Then the am-
poules were quenched in cold water.

Chemical composition of the CePts xAly samples with
x = 0.61—-0.81 were investigated by energy-dispersive X-ray spec-
troscopy carried out using a Carl Zeiss LEO EVO 50XVP electron
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microscope equipped with an Oxford Instruments EDX INCA En-
ergy 450 analyser. The uncertainty of measurements for each
element did not exceed 0.6 at.%.

X-ray analysis was carried out by powder and single-crystal
methods. Powder patterns were obtained using an STOE STADI P
transmission diffractometer, CuK,; (1.54056 A), a curved Ge(111)
primary beam monochromator and linear position densitive detec-
tor. The experimental conditions were 10° < 26 < 90°, step scan
0.01° and counting time 10 s per point. The powder patterns
were indexed with the help of the STOE WinXpow v.2.24 program
[10]. The refinements of CePt;_xAlx structures on X-ray powder
diffraction data were carried out with FULLPROF [11] and Win-
PLOTR [12], using pseudo-Voigt functions for peak shape and the
Chebyshev's polynomial for the background.

Single crystal of the CePt;27(1)Alg73(1) phase was found in the
sample of Cey7PtssAlig composition. Data of single crystal was
collected at room temperature on a Bruker—AXS SMART 1000
CCD (MoK, radiation, A = 0.71073 A). Absorption was considered
with the help of SADABS [13]. The structure was solved by direct
methods (SHELXS — 97 program [14]) and refined by full-matrix
least-squares procedures in the anisotropic approximation (SHELXL
— 97 program [14]). Atomic coordinates were standardized with
STRUCTURE TIDY [15] and structure was drawn with DIAMOND
[16]. The main crystal data and structure refinement parameters
for the intermetallic compound CePt3_,Alx (X = 0.73) are summa-
rized in Table 1. The atomic coordinates and equivalent isotropic
displacement parameters of the structure are listed in Table 2.
Selected interatomic distances are provided in Table 3.

3. Results and discussion

The compound of the fixed composition CePt3 does not exist in
the Ce—Pt system. However, the addition of aluminum stabilizes a
phase of composition ranging from CePt;39Algg1 (15.3 at.% Al) to
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Table 1
The main crystal data and structure-refinement parameters for the intermetallic
compound CePt3_yAly (x = 0.73).

CePt3_xAlx. The EDX data confirmed suggestion about the existence
of homogeneity range and allowed to establish the dependence be-
tween the x values and the lattice parameters. For most samples,
the composition observed from EDX is close to the one of the initial
mixture (Table 4). The differences in several cases are mainly
caused by the presence of impurities, for example CePt;. X-ray

pattern of CePt3_xAlx (x = 0.66) is shown in Fig. 1.
According to the single crystal determination, in the CeP-
t27Alg 73 structure the two atomic positions 2a (E) and 2c (Q) of

Crystal system Hexagonal

Lattice parameters (A) a = 5.5634(5)
¢ =16.6658(13)

Cell volume (A%) 446.72(7)

Space group P63/mmc

Formula per unit cell 6

Calculated density (g/cm?) 13.45

Radiation MoK,

Linear absorption coefficient (mm™!) 121.39

Single crystal sizes (mm) 0.07 x 0.05 x 0.01

Scan range (degrees) 2.44-37.49

Range in hkl -9<h<5
-8<k<9
-28<1<27

Total number of reflection 5529

Independent reflections, Rin; (F?) 505, 0.0537

Number of reflections with I > 26 385

Number of the parameters refined 18

Goodness of fit 1.034

R1/wR2 (I > 20(I)) 0.033/0.069

R1/wR2 (all data) 0.051/0.077

Table 2
The atomic coordinates and equivalent isotropic displacement parameters of the
structure CePt; Al (x = 0.73).

Atom  Wyckoff position x/a y/b z/c Ueq, A2

cel  2¢ 13 23 3/4 0.0149(3)
ce2  4f 13 2/3 0.53878(8) 0.0141(2)
Q* 2c 13 23 1/4 0.0225(16)
E*  2a 0 0 0 0.0138(3)
Pt1 12k 0.16687(6) 0.33375(12) 0.13153(3) 0.01192(12)
Al 2b 0 0 1/4 0.017(2)

Q* = 0.06(1)Pt + 0.94(1)AL.
E** = 0.76(1)Pt + 0.24(1)AL

CePty19Alp g1 (20.3 at.% Al) with hexagonal CeNis type of structure.

The new hexagonal phase was found in all eleven prepared sam-
ples as a majority phase. The lattice parameters varied for different
samples, suggesting the existence of homogeneity range

Table 3
Selected interatomic distances (A) in the structure of
CePt3_xAly (x = 0.73).

six crystallographically independent ones have mixed occupation
of Pt and Al atoms in different proportions. In general, the structure
of CePt;24Alp 76 can be presented as a three-dimensional frame-
work of Pt and Al atoms and atoms in mixed positions E
(0.76 Pt + 0.24 Al) and Q (0.06 Pt + 0.94 Al). Cerium atoms are
located in the voids of the framework (Fig. 2). The structure can
be also described as built of three types of layers perpendicular to
the direction [001]. The first corrugated layer is formed by cerium
atoms and atoms in the E positions (A), as in MgZn, structure
type. Platinum atoms form the Kagome nets (B). Cerium atoms,
aluminum atoms and atoms in the Q sites form a planar layer (C).
Two last-mentioned layers are observed in the structures of CePts
and CePt3Al; (CaCus — type). These three types of layers are packed
in the unit cell in a sequence ... B[ABCBA'B'C’'B'A]B....

The coordination polyhedron of Q [PtgCesAls] and of All
[PtsCes3Qs] is a distorted hexagonal analogue of cuboctahedron, in
which the both bases consist of platinum atoms. Cerium and
aluminum (or Q) atoms are alternated by each other in an equato-
rial plane. The environment of atom in the mixed position E
[PtgCeg] is a distorted icosahedron consisting of six platinum and
six cerium atoms. The environment of the Pt1 [Pt4CesAl;Q1Eq]
atom is also a distorted icosahedron, including one aluminum,
four platinum and three cerium atoms and two atoms in the mixed
position E and Q. The coordination polyhedron of the Cel
[Pt12Al3Q3] atom is a hexagonal prism formed of platinum atoms
with the aligned lateral sides of alternating aluminum atoms and
atoms in the Q. The Ce2 [PtgCe3E3] polyhedron can be described
as a distorted hexagonal antiprism, in which a bottom basis consists
of platinum atoms and a top one consists of alternating cerium
atoms and atoms in the E. There are three platinum atoms over
the top basis.

The lattice parameter “a” of different samples monotonically in-
creases in the range of 5.5016(14)—5.5607(13) A with the increasing
aluminum content, as its atomic radius (1.43 A) is larger than
atomic radius of platinum atom (1.38 A). In contrast, parameter
“c” decreases from 16.959(6) to 16.572(4) A with the increasing
aluminum content, because the “c” parameter is affected by the
interaction of Pt and Al atoms in the mixed position, resulting in
the reduction of interatomic distances between the mixed positions
from 2.78 A to 2.54 A.

Table 4
Cell parameters of CePt;_xAly structure and EDX results.

Atoms d

Ce1-3Q 3.2120(4)
Cel-3Al1 3.2120(4)
Ce1—12Pt1 3.4112(4)
Ce2—6Pt1 3.1823(7)
Ce2—3Pt1 3.2601(13)
Ce2—3E 3.2764(5)
Ce2—3Ce2 3.4634(4)
Q—6Pt1 2.5439(6)
Q—3Cel 3.2120(4)
Q-3All 3.2120(4)
E-6Pt1 2.7185(6)
E—6Ce2 3.2764(5)
Pt1-Q 2.5439(6)
Pt1-All 2.5464(6)
Pt1-E 2.7185(6)
Pt1-2Pt1 2.7783(11)
Pt1-2Pt1 2.7851(11)
Pt1—-2Ce2 3.1823(7)
Pt1—Ce2 3.2601(13)
Pt1—Cel 3.4112(4)
Al1-6Pt1 2.5464(6)
Al1-3Cel 3.2120(4)
Al1-3Q 3.2120(3)

Initial mixture EDX Lattice parameters (A)
a C

CePty 50Alo 50 Ceo.08Pta.40Alo.6o 5.5016(14) 16.959(6)
CePt;.44Alp 56 Ceq.01Pt2.40Alp 59 5.5075(15) 16.951(5)
CePty.36Alg 64 Ceg.99Pt2 36Al065 5.5126(3) 16.909(1)
CePt; 36Alp.64 Ce1.00Pt2:30Al0.70 5.5168(14) 16.878(4)
CePt; 33Alp67 Ceo.099Pt27Alp74 5.5187(15) 16.856(4)
CePt;28Alg 72 Ceg.99Pt226Al0.75 5.525(6) 16.857(15)
CePt;25Alg.75 Ceg.98Pt223Alg.79 5.542(5) 16.698(16)
CePt;24Alp.76 Ceq.00Pt2.22Alp.78 5.546(5) 16.684(16)
CePt;20Alp 0 Ceq.00Pt221Alp.79 5.5490(6) 16.6595(14)
CePt;17Alo 83 Ceq.00Pt221Al0.79 5.5598(13) 16.603(4)
CePt; 16Alp.84 Ceq.00Pt2.17Al0.83 5.5607(13) 16.572(4)
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Fig. 1. Observed X-ray powder pattern (crosses) and Rietveld refinement profile (solid
line) for the CePt;_xAlx phase. The Bragg angle positions are indicated by vertical bars.
The lower profile gives the difference between observed and calculated data.

o~R

JL JL

R -~ N o S -

] L ]l

1L
=

a

1L
oe]

@ e

Fig. 2. View of the structure of CePt;_xAlx and coordination polyhedra for Cel, Ce2, E,
Q, All1 and Pt1 atoms. The unit cell is outlined.

The variations of the lattice parameters “a” and “c” deviate from
the linear dependence which is typical for solid solutions obeying
the Vegard's rule. Possibly, this was caused by the irregular distri-
bution of defects in the samples, or covalent interactions that occur
between atoms Pt and Al in mixed position.

The change of the lattice parameters “a” and “c” which occurs in
the structure CePt3_yAlx during the substitution of aluminum for
platinum atoms is associated with the interaction between these
atoms. A similar increasing of the lattice parameter “a” and
decreasing of the lattice parameter “c” is observed in the structure
CePt3Alp (a = 5.581 A; ¢ = 3.949 A) compared to the structure CePts
(a = 5.366 A; ¢ = 4377 A). Aluminum atoms in the intermetallic

CePt3Al, are located in the similar layers with cerium atoms. Plat-
inum atoms form the Kagome nets. The interaction of aluminum
atoms and platinum atoms from different layers leads to the reduc-
tion of the distance between the layers: Pt—Al interatomic distance
2.548 A in the structure CePt3Al, and analogous Pt—Pt interatomic
distance 2.681 A in the structure CePt5. Resulting in reduction of
the lattice parameter “c”. On the other hand, the reduction of the
distance between the layers leads to the “extrusion” of cerium
atoms from the layer thereby increasing the parameter “a”.

The shortest interatomic distances in CePt;27Alg73 structure
occur for Pt1—Al1 (2.5464 A), Pt1 — Q (2.5439 A) and Pt1 — E
(2.7185 A). As the mixed Q position consists essentially of
aluminum atoms, the Pt1 — Q distance is close to the sum of the co-
valent radii of platinum (1.29 A) and aluminum (1.25 A) atoms [17].
Analogous Pt—Al distance in the CePt3Al; structure is 2.548 A. The
Pt1 — E interatomic distance increases to 2.7185 A, because plat-
inum atoms are larger than aluminum atoms and their content is
more in the mixed position E. The All — Q distance is equal to
3.2120 A that corresponds to a typical metallic bonding. This is in
a good agreement with the distance between aluminum atoms
(3.220 A) in the CePtsAl; structure. In the Kagome nets, the inter-
atomic distances between platinum atoms in CePt;37Alg73 and in
CePtsAl, are close and equal to 2.7783—2.7851 A and 2.790 A,
respectively [1].

The substitution of aluminum for platinum atoms in CePt3_xAlx
compound occurs in two crystallographic positions — 2(a) and 2(c).
It was determined that aluminum atoms statistically replace plat-
inum atoms only in the layers containing cerium atoms. Other sites
are fully occupied by cerium 2(c), 4(f); platinum 12(k) and
aluminum 2(b) atoms. On the other hand, substitution of aluminum
atoms for atoms of transition metal is observed in the different sites
in the YbZns xAlx and the DyFes xAlx compounds. In the
YbZns_xAlx compound, aluminum and zinc atoms statistically
occupy two crystallographic position 2(a) and 12(k). Zinc atoms
occupy two crystallographic positions 2(c) and 2(b). In the
DyFes_xAlx compound iron atoms occupy three crystallographic
position 2(a), 2(b) and 2(c). The crystallographic position 12(k) is
statistically occupied by aluminum and iron atoms.

4. Conclusions

The crystal structure of the CePt;37Alp73 compound of the
Ce—Pt—Al system has been determined. This is the first compound
with so large homogeneity range found in the Ce—Pt—Al system.
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