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Structure of Orthorhombic YNiAl;

By R. E. GLADYSHEVSKIT* AND E. PARTHE

Laboratoire de Cristallographie aux Rayons X, Universite de Geneve, 24 Quai E. Ansermet,
CH-1211 Geneva 4, Switzerland

(Received 24 May 1991; accepted 9 August 1991)

Abstract. Nickel yttrium trialuminide, M, = 228.56,
orthorhombic, new type, 0P20, Pnma - ¢ (No. 62), a
=8.156 (1), b=4.0462(4), c=10.638(Q A, V=
351.06 (6) A3, Z=4, D, =4.324 Mg m >, A(Mo Ka)
=0.71073 A, © =22.826 mm™', F000)=424, T=
293K, wR=10.057 for 362 contributing unique
reflections. The coordination numbers are Y 19, Ni 9
and Al 12. The YNiAl; structure is related to YNiAl,
with an MgCuAl,-type structure and YNiAl, with its
own type. In all three structures the Y atoms are at
the centres of pentacapped pentagonal prisms, the Ni
atoms are at the centres of tricapped trigonal prisms
of composition Y,Al, and the Al atoms are at the
centres of deformed cubes with four additional
neighbours.

Introduction. The phase equilibria in the Y-poor part
(<34at.% Y) of the Y-Ni—Al system were investi-
gated at 873, 1073 (Rykhal’ & Zarechnyuk, 1977)
and 1273 K (Rosen & Goebel, 1968). Based on crys-
tal structure determinations, the compositions of the
following phases are now known with certainty:
YNi,Al; (ordered HoNi,¢Ga,, type), YNiAl,
(YNiAl, type), Y3NigAl (Ce;CogSi type), YNiAl,
(MgCuAl, type), Y;NigAl, (CesNigSi, type) and
YNiAl (ZrNiAl type). The crystal structures of three
other compounds have not yet been determined and
their proposed stoichiometries remain to be verified:
YNi;Aljs, Y,NizAl, and YNi;Al. It has been
observed that the annealing temperature has a great
influence on the number of compounds formed in the
Al-rich part of the phase diagram. We annealed
some Al-rich alloys at 773 K and found two new
phases YNiAl; and Y, NigAl,;. We report here on the
structure determination of the former; the latter
structure being the subject of a separate publication
(Gladyshevskii & Parthé, 1992).

Experimental. Single crystals were found in a sample
of nominal composition Y ;Ni,sAlsg, prepared from
Y (99.9%), Ni (99.99%) and Al (99.99%) by arc
melting under an Ar atmosphere (weight loss 0.4%)
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Table 1. Atomic positional and displacement
parameters for YNiAl; with space group Pnma

The equivalent isotropic atomic displacement parameters are
expressed as U, = 32,2, Uya*a;*a;-a;. Es.d.’s are given in paren-
theses.

Wyckoff
position x y z U., (A% x 100)
A1) 4(c) 0.0540 (7) i 0.5835 (4) 0.6 (2)
Ni 4(c) 0.1070 (3) i 0.3569 (2) 0.71 (6)
Y 4(c) 0.1860 (2) i 0.0088 (2) 0.67 (4)
Al(2) 4(c) 0.3565 (7) i 0.7215 (5) 0.7 (2)
Al(3) 4(c) 0.3853 (8) i 0.2860 (5) 1.0 (2)

Table 2. Interatomic distances in YNiAl; (up 10 4.0 A
for Y atoms and 3.7 A for Ni, Al atoms)

E.s.d.’s are given in parentheses.

Y—2Al(1) 3.036 (4) Al(l)— Ni 2.449 (5)
2A1(2) 3.055 (4) 2Ni 2.494 (3)
2Ni 3.091 (2) AlQ2) 2,627 (T)

Al(l) 3.158 (6) 2A1(1) 2.833 (5)

2A1(3) 3.170 (4) Al(2) 2871 (8)

AI(3) 3.284 (6) 2A13) 2.996 (5)

AlQ2) 3.358 (5) 2y 3.036 (4)

AI(3) 3.367 (5) Y 3.158 (6)
AlQ2) 3.637 (6)

2y 3.652 (2) Al(2)—2Ni 2.501 (3)

Ni 3.719 (3) Al(1) 2.627 (7)

Ni 3759 (3) Al(1) 2.871 (8)

2A1(3) 2.907 (6)

Ni— Al(3) 2.362 (6) 2A13) 2.922 (6)

Al(3) 2.392 (7) 2Y 3.055 (4)

Al(1) 2.449 (5) Y 3.358 (5)

2A1(1) 2.494 (3) Y 3.637 (6)
2A1(2) 2.501 (3)

2Y 3.091 (2) Al(3— Ni 2.362 (6)

Ni 2.392 (7)

2A1(2) 2.907 (6)

2A1(2) 2.922 (6)

2A1(1) 2.996 (5)

2Y 3.170 (4)

Y 3.284 (6)

Y 3.367 (5)

and annealed at 773 K for two weeks in a silica tube
under an Ar atmosphere (400 mm Hg). A single
crystal of irregular shape (mean radius 0.022 mm)
was mounted on a Philips PW 1100 automatic
four-circle diffractometer, Mo Ka radiation with
graphite monochromator. The unit-cell parameters
were refined from 260 values of 20 reflections
(Mo Ka, A=0.71073 A, 16 <26 < 34°) using the
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program LATCON (Schwarzenbach, 1966). 1288
reflections were collected out to (sin6/A) =0.703 A~!
O<h<l1l, 0<k<5, 0</<14 and the anti-
reflections) in the w—26-scan mode, yielding 579
unique reflections (R, = 0.12). Two standard reflec-
tions, 020 and 113, were measured with maximum
intensity variations of 0.9 and 1.3%, respectively.
Absorption correction was made using the program
LSABS (Blanc, Schwarzenbach & Flack, 1991) with
maximum and minimum transmission factors of
0.4901 and 0.4804. The anomalous-dispersion coef-
ficients were taken from [International Tables for
X-ray Crystallography (1974, Vol. IV). Systematic
absences led to the following possible space groups:
Pn2,a (= Pna2,) and Pnma (International Tables for
Crystallography, 1983, Vol. A). The structure was
solved in space group Pnma by the program
MULTANST (Debaerdemaeker, Germain, Main,
Tate & Woolfson, 1987) and confirmed by the struc-
ture refinement, based on |F| values, using the
program CRYLSQ (Olthof-Hazekamp, 1990). 31
variables including anisotropic atomic displacement
parameters refined to R =0.068 and wR = 0.057 [w
=1/0*(|Fl), S=1.382] considering 362 contri-
buting unique reflections with |F| > 40(|F.a).
The maximum shift/e.s.d. in the last cycle was
0.00004. Final residual electron density
+5.1 (—4.0) e A=, The programs used to refine the
structure are all from the XTAL3.0 system (Hall &
Stewart, 1990). The atomic positional parameters
were standardized by using the STRUCTURE TIDY
program (Gelato & Parthé, 1987). The atomic posi-
tional and displacement parameters are given in
Table 1* and the interatomic distances in Table 2.

Discussion. A projection of the YNiAl; structure
along [010] and the coordination polyhedra of the
atoms are presented in Fig. 1. The structure is
characterized by infinite isolated columns of base-
sharing trigonal Y,Al, prisms, each prism being
centred by an Ni atom. Between these columns Al(3)
atoms are found inside deformed cubic coordination
polyhedra consisting of two Y and six Al atoms. The
other Al atoms [Al(1) and Al(2)] are also at the
centres of deformed cubes built up in this case of two
Y, two Ni and four Al atoms. The Y atoms are at
the centres of pentagonal prisms consisting of two Y,
two Ni and six Al atoms. The three rectangular faces
of the trigonal prism, four only of the cubes and the
five of the pentagonal prism are capped. The Y atom
has four more neighbours, two capping the pentag-

* Lists of structure factors and anisotropic displacement param-
eters has been deposited with the British Library Document
Supply Centre as Supplementary Publication No. SUP 54565 (5
pp.). Copies may be obtained through The Technical Editor,
International Union of Crystallography, 5 Abbey Square, Chester
CHI 2HU, England.
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onal base planes and two located in the central
plane. That means that Ni actually has coordination
number 9 (6 + 3), Al has 12 (8 + 4) and Y has 19 (10
+5+2+2).
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Fig. 1. Projection of the YNiAl; structure along [010] and the
coordination polyhedra of the atoms. The numbers inside the
circles corresponding to the Al atoms are the label numbers
used in Table 1.
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Fig. 2. Projections of YNiAl,, YNiAl, and RTAIl, along [100] and
YNiAl; along [010]. Only the outlines of the trigonal prisms are
indicated. Large circles Y or R, medium circles Al, and small
circles Ni or 7. The atoms drawn with full lines differ from
those drawn with dashed lines by a shift of 3 in height.
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Table 3. The occupation of the vertices in the pentagonal (10p), trigonal (6p) prisms and cubes (8cb) around the
Y, Ni and Al atoms respectively, in the structures of YNiAl,, YNiAls;, hypothetical RTAl; and YNiAl,

The rectangular faces are centred by additional atoms (5¢, 3c, 4c¢).

Y coordination Ni coordination Al coordination

YNiAl 2Ni+8AL+2Y + INi+2Al+2Y +2Ni  2Y +4Al+ Y +2Al 4Y +2Ni+ 2Al+ 1Y + INi + 2Al
SR ke el ki) o T T
10p Sc¢ 6p 3¢ 8ch 4c
YNiAl 2Y +2Ni+ 6Al + SAl+2Y +2Ni 2Y +4Al+ 3Al 2Y +2Ni +4AlL+ 1Y + INi +2Al
- —— &~ o — - - Y—
10p Se 6p 3¢ 8ch 4c
2Y + 2Ni+4Al+2Y +2Al
8cb 4c
2Y +6Al+2Y + 2Ni
O —
8cb 4c
RTAI 2T+8Al+1T+4A]+2R 2R+4Al+ | R+2Al 2R+2T+4Al+2R+2Al
3 ‘—V—J — ek’ L(_/ (i i ol i
10p Sc¢ 6p 3c 8ch 4c
4R +4Al+2T+2Al
- — .~/
8ch 4c
YNiAl,

2Ni + 8Al + 5A1+2Y +2Ni
—_—
10p S¢

The structural features of YNiAl; can be com-
pared with those of YNiAl, (Rykhal’, Zarechnyuk &
Yarmolyuk, 1972) which has an MgCuAl,-type
structure (Perlitz & Westgren, 1943), YNiAl, with its
own type (Rykhal’ ez al., 1972) and a hypothetical
RTAL, type; all of the structures are shown in a
projection along the shortest axis in Fig. 2. Common
to these structures is not only the formation of the
infinite columns of Ni-centred trigonal Y,Al, prisms,
but also the pentagonal-prismatic coordination of
the Y atoms and the deformed cubes around the Al
atoms, as can be seen from Table 3.

Comparing the structures YNiAl, and YNiAl, one
notes the same arrangement of sheets of infinite
trigonal-prism columns perpendicular to the [010]
direction which are, in the case of YNiAl,, separated
by an extra layer of Al atoms. To construct a
hypothetical model of an RTAIl; structure we
retained the sheet of infinite trigonal-prism columns
perpendicular to [001] of YNiAl, and added Al sites
in the cubic interstices. This led to a C-centred
orthorhombic structure model with unit-cell values
as given in Fig. 2; R atoms are at the centres of
pentagonal prisms of composition T,Aly and T
atoms are at the centres of trigonal R,Al, prisms as
in YNiAl, and YNiAl,. The reason why this hypo-
thetical structure is not formed might be related to
the waist contact which exists between 7 and R
atoms (Parth¢ & Hovestreydt, 1985), the three

2Y +4Al + 3Al
— &
6p 3¢ 8ch 4c

2Y +2Ni+4Al+ 1Y + INi +2Al

8Al+3Y + INj
o
8cb 4c
4Y +4Al +4Al
—
8ch 4c

rectangular faces of the trigonal prisms being capped
by two Al and one R atom. Waist contacts between
Ni and Y atoms do not exist in the primitive ortho-
rhombic YNiAl; structure. Waist contacts exist in
the YNiAl, structure; however, with this low Al
content it does not appear to be possible to find an
arrangement without such 7—R bonds.
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Kiinzler for the preparation of the drawings and we
would like to thank Mr Jing-Tai Zhao for technical
assistance. This study was supported by the Swiss
National Science Foundation under contract
20-28490.90 and the Alfred and Hilde Freissler
Fond.

References

BLANC, E., SCHWARZENBACH, D. & FLack, H. D. (1991). J. Appl.
Cryst. 24, 1035-1041.

DEBAERDEMAEKER, T., GERMAIN, G., MaIN, P., Tatg, C. &
WOOLFsON, M. M. (1987). MULTANS87. A System of Computer
Programs for the Automatic Solution of Crystal Structures from
X-ray Diffraction Data. Univs of York, England, and Louvain,
Belgium.

GELATO, L. M. & PARTHE, E. (1987). J. Appl. Cryst. 20, 139-143.

GLaDYSHEVSKI, R. E. & ParRTHE, E. (1992). Acta Cryst. C48,
232-236.

HaLL, S. R. & STEWART, J. M. (1990). Editors. XTAL3.0 User's
Manual. Univs. of Western Australia, Australia, and Maryland,
USA.



232

OrLtHOF-HAaZEKAMP, R. (1990). CRYLSQ. XTAL3.0 User's
Manual, edited by S. R. HaLL & J. M. STEWART. Univs. of
Western Australia, Australia, and Maryland, USA.

ParTHE, E. & HOVESTREYDT, E. (1985). J. Less-Common Met. 110,
307-313.

PerLITZ, H. & WESTGREN, A. (1943). Ark. Kemi Mineral. Geol.
16B(13), 5.

Acta Cryst. (1992). C48, 232-236

ORTHORHOMBIC YNiAl;

RoseN, S. & GoeBeL, J. A. (1968). J. Less-Common Mer. 16,
285-287.

RykHAL’, R. M. & ZARecHNYUK, O. S. (1977). Dopov. Akad.
Nauk Ukr. RSR Ser. A(4), pp. 375-371.

RykHAL’, R. M., ZARECHNYUK, O. S. & YARMOLYUK, YA. P.
(1972). Sov. Phys. Crystallogr. 17, 453-455.

SCHWARZENBACH, D. (1966). Private communication.

Structure of Monoclinic Y NigAl,;
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CH-1211 Geneva 4, Switzerland
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Abstract. Hexanickel tetrayttrium tricosaaluminide,
M, =1328.45, monoclinic, new type mS66, C2/m —
i, a=15.836(2), b=4.0681 (7), c=18.311(2) A,
B=11297(1)r, V=1086.11) A% Z=2, D,=
4,062 Mgm™>, A(Mo Ka)=0.71073 A, n=
16.896 mm ™!, F(000) = 1246, T =293 K, wR = 0.058
for 648 contributing unique reflections. The structure
of Y4NigAly; is closely related to YNiAl, and
U,NisAl;s, all having similar coordination polyhedra
around Y (U) and Ni atoms. YNiAls-type slabs can
be intergrown with another kind of slab to form the
U,NisAl;g structure. InY,NigAl,; the same slabs but
in a different proportion are intergrown to form
packets which are stacked without common atoms.

Introduction. In the Y-Ni-Al system eight com-
pounds are known with less than 34 at.% Y (Rykhal’
& Zarechnyuk, 1977). For six of them the crystal
structures have been determined previously (for
details see Bodak & Gladyshevskii, 1985). We report
here the determination of the crystal structure of a
new Al-rich compound with a composition not men-
tioned in the phase-diagram paper.

Experimental. Single crystals were found in a sample
of nominal composition Y;Ni,sAlg,. It was prepared
from Y (99.9%), Ni (99.99%) and Al (99.99%) by
arc melting under an argon atmosphere (weight loss
0.4%) and annealed at 773 K for two weeks in a
silica tube under a 400 mm Hg argon atmosphere. A
needle-shaped single crystal [+ (100) 0.032, +(010)
0.128, £(001) 0.016 mm] was mounted on a Philips

* Permanent address: Physics Department, Lvov State Uni-
versity, 50 Ulica Dragomanova, SU-290005 Lvov, USSR.
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PW 1100 automatic four-circle diffractometer,
Mo Ka radiation with graphite monochromator.
The unit-cell parameters were refined from 28 values
of 26 reflections (Mo Ka, A =0.71073 A, 16 <26 <
30°) using the program LATCON (Schwarzenbach,
1966). 2330 reflections were collected out to (sinf/A)
=0.603A7! (-18<h<18, 0<k<4, 0<i/<22
and the anti-reflections) in the w-26-scan mode,
yielding 1130 unique reflections (R;, =0.12). Two
standard reflections, 020 and 020, were measured
with maximum intensity variations 0.9 and 1.3%
respectively. Absorption correction was made using
the program LSABS (Blanc, Schwarzenbach &
Flack, 1991) with maximum and minimum transmis-
sion factors of 0.7616 and 0.5521. The anomalous-
dispersion coefficients were taken from International
Tables for X-ray Crystallography (1974, Vol. 1V).
Systematic absences led to the following possible
space groups: C2, Cm and C2/m (International
Tables for Crystallography, 1983, Vol. A). The struc-
ture was solved in space group C2/m by the
MULTANST program (Debaerdemaeker, Germain,
Main, Tate & Woolfson, 1987) and confirmed by a
structure refinement, based on |F| values using the
program CRYLSQ (Olthof-Hazekamp, 1990). 101
variables including anisotropic atomic displacement
parameters refined to R=0.073 and wR=0.058
[w=1/0*(Fl), S=1.537) considering 648 contri-
buting unique reflections with [F| > 40(|F.l).
The maximum shift/e.s.d. in the last cycle was
0.0001. Final residual electron density
+5.7(—4.5) e A~3. The programs used to refine the
structure are all from the X7AL3.0 system (Hall &
Stewart, 1990). The atomic positional parameters
were standardized by using the STRUCTURE TIDY
program (Gelato & Parthé, 1987). The atomic posi-
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