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The ternary scandium transition metal indides SczNip10(5)In3.60(5), SC3Nio.14(2)IN3.76(2)
ScPdg gg1(2)In, and SczRhy s94(9)IN4 have been synthesized from the elements in glassy carbon
crucibles in a high frequency furnace or by arc-melting. They have been investigated by X-ray
powder diffraction and the structures refined on the basis of single crystal diffractometer data:
Lu3Coq g7Ing type, P6, a = 745.7(1), ¢ = 342.85(7) pm, wR2 = 0.0689, 545 F2, 24 parameters
for ScgNiy 10(5)IN3.60(5), @ = 753.63(7), ¢ = 344.3(1) pm, wR2 = 0.0362, 792 F2, 22 parame-
ters for SczNiy 14(2)In3.76(2), P62m, ZrNiAl type, a = 764.1(2), c = 345.90(8) pm, wR2 = 0.0333,
326 F2, 15 parameters for ScPdy g1 (2)In, and P6, a= 769.4(1), c = 684.1(1) pm, wR2 = 0.0526,
1097 F2, 35 parameters for the new structure type SczRhy 594(9)IN4. In the three structure types

the scandium atoms build trigonal prisms. The latter are filled exclusively by palladium atoms in
ScPdyp.gg1(2)In, while transition metal and indium atoms fill these sites in the other three structures.

The different coloring of the trigonal prismatic sites leads to a symmetry reduction for the structures
of Sc3Ni 10(5)IN3.76(5), SC3Niz.14(2)IN3.76(2) and ScsRhy 594(9)IN4. The structural relationship is de-

scribed on the basis of a group-subgroup scheme. Chemical bonding in these intermetallics is briefly

discussed.
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Introduction

The ternary systems rare earth metal-transition
metal-indium have intensively been investigated in re-
cent years with respect to phase analyses, crystal chem-
istry, and physical properties. The structural chemistry
and an overview of the magnetic and electrical proper-
ties are given in three recent reviews [1—-3]. In many
isostructural series, also the respective compounds
with yttrium exist. The metallic radius of yttrium
(181 pm) is close to that of gadolinium (180 pm) [4].
Consequently, the cell volumes of the ternary yttrium-
transition metal-indides fit between those of the corre-
sponding gadolinium and terbium, or terbium and dys-
prosium compounds [3]. Yttrium shows some flexibil-
ity and reacts on the geometrical requirements of the
transition metal-indium network. In the case of some
ternary carbides and phosphides, the cell volume of

the yttrium compound even fits in between those of the
dysprosium and holmium compounds [5-7].

Scandium, however, which has a significantly
smaller metallic radius of 161 pm [4] sometimes also
forms an isotypic compound within the rare earth metal
series. This leads in some cases to drastic changes in
chemical bonding. In metal rich compounds the Sc-Sc
bonding might be more pronounced, e.g. ScNiP [8].
Other rare earth compounds show pronounced changes
in the polyanionic networks, e g. two-dimensional
[AuGe] networks in CeAuGe and LUAuUGe, but a three-
dimensional one in ScAuGe [9].

The ternary systems scandium-transition metal-
indium have so far only scarcely been investigated
[10]. ScNigln (MgCusSn type) [11], ScTzIn (T =
Ni, Cu, Pd, Ag, Pt, Au) (MnCu,Al type) [12-14],
ScyToIn (T = Ni, Cu, Pd, Au) (MozFeB, or U;Pt,
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Empirical formula
Molar mass
Structure type
Space group, Z

Unit cell dimensions

Calculated density
Crystal size

Detector distance
Exposure time

® Range; increment
Integr. param. A, B, EMS
Transm. ratio (max/min)
Absorption coefficient
F(000)

6 range

Range in hkl

Total no. reflections
Independent reflections
Reflections with

SCPd0'981<2) In
264.05 g/mol
ZrNiAl

P62m, 3
a=764.1(2) pm
c=345.90(8) pm
V=0.1749 nm3
7.52 glem®

20 x 20 x 40 um?3
60 mm

30 min

0-180°; 1.0°
14.5; 4.5; 0.012
1.24

19.7mm~!

345

3° to 35°
-11<h<12,
+12, £5

2703

326(Rit = 0.0416)
315(R, = 0.0194)

ScsNiz 10(5)IN3.60(5)
671.52 g/mol
LuzCoy g7Ins

P6, 1
a=745.7(1) pm
c=342.85(7) pm
V=0.1651 nm®
6.75 glcm?®

20 x 30 x 50 um®
60 mm

40 min

0-180°; 1.0°
14.0; 3.5; 0.022
1.63

209 mm!

298

3° to 35°

+11, +11, +5

2446
545(Rp = 0.0549)
522(R, = 0.0314)

ScsNiz 142)IN3.76(2)
692.24 g/mol

Luz Coyg7Ing

P6, 1
a=753.63(7) pm
c=344.3(1) pm
V=0.1694 nm®
6.79 g/cm®

20 x 20 x 40 um?

1.42
21.0mm~?t
307

3° to 40°
+13, +13, +6

4215
792(Rint = 0.0543)
759(Ry = 0.0292)

ScsRNy 594(9)IN4
758.31 g/mol
new structure type
P6, 2
a=769.4(1) pm
c=684.1(1) pm
V= 0.3507 nm3
7.18 glem®

10 x 40 x 40 um3
60 mm

20 min

0-180°; 1.0°
15.0; 4.5; 0.020
1.36

19.1 mm~!

662

3° to 35°

+12, -12 <k <11,

+10
5261

1097(R = 0.0369)

894(R, = 0.0241)

Table 1. Crystal data and struc-
ture refinement for
SCPdQ'ggl(z)ln,

SC3Niz 10(5)IN3.60(5)

Sc3Niy 14(2)IN3.76(2)

Sc3Rhy 594(9)1N4-

I>20(1)
Data/parameters 326/15 545/ 24 792122 1097/ 35
Goodness-of-fit on F? 1.124 1.213 1.115 1.144
Final Rindices R1=0.0171 R1 =0.0258 R1=0.0201 R1=0.0311
[l >20(1)] wR2 = 0.0331 WR2 = 0.0541 wR2 = 0.0356 WR2 = 0.0496
RIndices (all data) R1=0.0183 R1 = 0.0289 R1 =0.0230 R1 =0.0438
WR2 = 0.0333 WR2 = 0.0689 WR2 = 0.0362 WR2 = 0.0526
Flack parameter 0.06(13) 0.01(11) —0.03(4) 0.06(10)
Extinction coefficient 0.007(1) 0.029(3) 0.045(1) 0.0067(3)
Largest diff. 0.66 and _ 116and 1.92and | 2.85and |
peak and hole —0.97 /A3 —1.47 /A3 —1.64 elA3 —2.32elA3

Sn type) [15, 16], ScPtin with ZrNiAl structure [17],
and a solid solution Scy_xPdiny [18] with CsCI struc-
ture have been reported. We have now started a
systematic investigation of the scandium-transition
metal-indium systems with respect to phase anal-
yses, crystal chemistry, and chemical bonding pe-
culiarities. Herein we report on the synthesis and
structural characterization of the two nickel indides
ScaNiz 10(5)1N3.60(5), SC3Ni2.14(2)IN3.76(2), SCPo.981(2)
In, and 803Rh1'594(9)ln4.

Experimental Section
Synthesis

Starting materials for the preparation of the title
compounds were scandium ingots (Kelpin), nickel wire
(© 0.38 mm, Johnson Matthey), rhodium and palladium
powder (ca. 200 mesh, Degussa-Hdils), and indium tear
drops (Johnson Matthey), all with purities better than 99.9%.
Smaller pieces of scandium were prepared by mechanical
fragmentation of the larger ingot. The scandium pieces were
arc-melted [19] in a first step under argon. This pre-melting
procedure avoids shattering during the subsequent reactions
with the other elements. The argon was purified over molec-
ular sieves, silica gel, and titanium sponge (900 K).

ScPdp.gg1In was prepared by arc-melting of the ele-
ments in the ideal 1:1:2 atomic ratio under an argon atmo-

sphere of about 800 mbar. The button was remelted three
times to ensure homogeneity and subsequently sealed in
an evacuated quartz tube and annealed at 1070 K for four
weeks.

The first nickel compound Sc3Nij 19lnz g Originated
from a sample prepared by arc-melting of the elements in the
atomic ratio 1:1:2. The sample was homogenized by two sub-
sequent melting procedures. The weight losses due to evap-
orations and shattering were smaller than 0.5%. The sample
was enclosed in an evacuated silica ampoule, first heated for
40 h at 1300 K, followed by slow cooling to 1070 K at a
rate of 5 K/h and then to 770 K at a rate of 15 K/h. Finally
the sample was quenched by radiative heat loss inside the
furnace.

The second nickel containing sample, leading to Scs
Ni2.14In376 was synthesized by high-frequency melting
(Hiittinger Elektronik, Freiburg, Typ TIG 1.5/300) of the el-
ements in the 5:2:4 atomic ratio in a glassy carbon crucible
(SIGRADUR®G, glassy carbon, type GAZ006) under flow-
ing argon. This sample was first heated for half a minute
at about 1300 K, cooled to about 1100 K, heated again to
1300 K and finally annealed at about 900 K for another two
hours. The rhodium containing sample was obtained with the
same temperature program but with the starting composition
Sc:Rh:In = 3:2:4.

All samples were obtained in amounts of about 1 g. Com-
pact pieces are light grey with metallic lustre. The samples
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Atom  Wyckoff Occupancy, X y z Ueq Table 2. Atomic coordinates and
position % isotropic  displacement  parameters

ScPdg ggy(2)! N (Space group P62m) (pm?) for SCPdO'ggl(z)ln, SC3Ni2‘10(5)

Sc 3f 100 0.6051(2) 0 0 173(3) In3'60(5>, SC3Ni2'14(2) In3'76(2> and

Pd1 2d 100 13 2/3 Yz 143(1)  Sc3Rhy sgu(9) INg. Ueq is defined as one

Pd2 la 94.2(6) 0 0 0 120(3) third of the trace of the orthogonalized

i 3g 100 0.27073(6) 0 12 129(1) Uj; tensor. The M positions show mixed

Sc3Niz 10(s) 1 N3 60(5) (SPace group P6) Ni/In occupancy.

Sc 3] 100 0.4126(9)  0.017(2) 0 267(10)

Nil la 70(1) 0 0 0 146(9)

M1 1f 76(5) Ni / 24(5) In 2/3 1/3 112 166(16)

M2 id 65(5) Ni / 35(5) In 1/3 213 12 125(13)

In2 3k 100 0.7441(2)  0.9996(4) 12 177Q2)

ScaNiz 14(2)1 N3 76(2) (SPace group P6)

Sc 3] 100 0.4136(2)  0.0316(2) 0 137(2)

Ni1 la 90.5(6) 0 0 0 103(3)

Ni2 1f 100 213 13 1/2 98(2)

M 1d  23.9(9) Ni/ 76.1(9) In 1/3 2/3 112 99(2)

In2 3k 100 0.7407(1)  0.00086(5) 1/2 112(1)

ScgRhy 594(9)I N4 (Space group P6)

Scl 3 100 0.4214(4)  0.0353(4) 0 140(4)

Sc2 3k 100 0.4106(4)  0.0414(4) 1/2 125(4)

Rh1 la 41.2(9) 0 0 0 104(10)

Rh2 1b 77.5(9) 0 0 112 87(5)

Rh3 2i 100 213 13 0.7505(2)  85(1)

Inl 2h 100 1/3 2/3 0.7370(2) 128(2)

In2 6l 100 0.74341(7) 0.99711(7) 0.7601(1) 165(1)

are stable in moist air. No decomposition was observed after
several weeks.

EDX analyses

The samples and the single crystals investigated on the
diffractometers were analyzed with a LEICA 420 | scanning
electron microscope using Sc, Ni, Rh, Pd, and InAs as stan-
dards. No metallic impurity elements were detected. Within
2 at.-%, the compositions determined via EDX agreed with
the compositions refined from the single crystal X-ray data.

X-ray investigations

The samples were characterized through Guinier powder
patterns using Cu-Kg radiation and a-quartz (a = 491.30,
¢ = 540.46 pm) as an internal standard. The Guinier cam-
era was equipped with an imaging plate system (Fujifilm-
BAS-1800). The hexagonal lattice parameters (Table 1) were
obtained from least-squares fits of the powder data. To en-
sure correct indexing, the experimental patterns were com-
pared with calculated ones [20] taking the atomic positions
obtained from the structure refinements. For ScPdp ggy2)In
and Sc3Rhy 594(9)IN4, the lattice parameters determined for
the powders and the single crystals agreed well. For the
nickel containing samples the powder and single crystal data
showed slight differences. We therefore calculated the in-
teratomic distances with the single crystal lattice parame-
ters. The powder lattice parameters were a = 754.8(4), ¢ =
344.9(2) pm for the sample from the 1:1:2 starting composi-

tion and a = 746.9(3), ¢ = 343.2(1) pm for the one with the
5:2:4 starting composition. The powder pattern of the 1:1:2
sample showed elemental indium as a second phase. For
ScgRhy 594(g)Ina, the very weak superstructure reflections
were not visible on the Guinier powder pattern. The strongest
calculated superstructure reflection had only 2.8% intensity,
when compared with the strongest subcell reflection.

Irregularly shaped single crystals of the four indides were
selected from the crushed samples. They were first exam-
ined by Laue photographs on a Buerger precession cam-
era (Mo-K,, radiation) equipped with an image plate sys-
tem (Fujifilm BAS-1800) in order to establish suitability
for intensity data collection. Single crystal intensity data of
ScaNij.14(2)In3.76(2) Were collected on a four-circle diffrac-
tometer (Nonius, CAD4) with graphite monochromatized
Mo-K,, radiation (71.073 pm) and a scintillation counter
with pulse height discrimination. Scans were taken in the
/26 mode and an empirical absorption correction was ap-
plied on the basis of psi-scan data followed by a spheri-
cal absorption correction. Intensity data of the other crystals
were collected on a Stoe IPDS-I1 diffractometer in oscillation
mode also with graphite monochromatized Mo-K, radiation.
All relevant parameters for the data collections are listed in
Table 1.

Structure refinements

The structure of the palladium compound was refined
first. The atomic parameters of ScPtin [17] were taken as
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ScPdo ggyz)IN Sc3Niz 10(5) I N3 60(5)

ScaNip 14(2) N3 76(2)

ScaRN sg4(6)1 N4 Table 3. Interatomic dis-

tances (pm), calculated with

Sc. 4 Pdl 291.6(1) Sc. 2 M1 276.2(8)  Sc. 2 Ni2 272.7(1)  Scl: 2 Rn3 272.2(2) (
1 Pd2 301.7(2) 2 M2 292.6(8) 1 Nil 300.5(1) 2 In2 307.4(3) the lattice parameters taken
2 In 308.5(2) 1 Nil 301.6(3) 2 M 303.8(1) 2 In2 310.6(2) from X-ray single crystal data
4 In 318.3(1) 2 12 306.3(2) 2 In2 303.8(1) 1 Rh1 3115(3) Of Sc3Nijg(5)Inge05) and
2 Sc 345.9(1) 2 In2 309.5(6) 2 In2 310.9(1) 2 In1 3134(2)  Sc3Nip1a(2)IN376(2). The dis-
Pdl: 3 In  281.7(1) 2 In2 320.5(7) 2 In2 326.9(1) 21n2 3293(2)  tances for ScPdgggy(2)In and
6 Sc  291.6(1) 2 Sc 342.9(1) 2 Sc 344.3(1) 2'5c2 3022(1)  SeaRNy sguqINs  have been
Pd2: 6 In  269.6(1) 2 Sc 375.0(17) 2 Sc 366.3(2) 2 scl 367.1(5) Bo .
3Sc 3017(2) Nil: 6 In2 256.4(1)  Nil: 6 In2 260.7(1) Sc2: 2 Rh3 272.7(2) ;:iilet:ugztrg?n\é\gg.thzlrfo;\i/g;rn:its
In: 2 Pd2 2696(1) 3 Sc 3016(3) 3 Sc 300.5(1) 1 Rh2 3013(3) within the first coordination
2 Pdl 281.7(1) M1: 6 Sc 2762(8)  Ni2: 6 Sc 272.7(1) 212 30602) goneres are listed. The M
2 Sc 3085(2) 3 In2 282.2(2) 3 In2 282.6(1) 2101 3095(2)  pocition shows mixed Nifin
4Sc 3183(1) M2 3 In2 281.8(2) M: 3 In2 283.5(1) 212 327.3(2)  gocupancy (see Table 2).
2 In 345.9(1) 6 Sc 292.6(8) 6 Sc 303.8(1) 2 2 332.3(2)
2 In 358.3(1) 2 M2 342.9(1) 2 M 344.3(1) 2 scl 342.2(1)
In2: 2 Nil 256.4(1)  In2: 2 Nil 260.7(1) 2 Sc2 367.5(4)
1 M2 281.8(2) 1 Ni2 282.6(1) Rhi: 6 In2 255.9(1)
1 M1 282.2(2) 1M 2835(1) 3 scl 311.5(3)
2 Sc 306.3(2) 2 Sc 3038(1) Rh2: 6 In2 265.0(1)
2 Sc 309.5(6) 2 sc 310.9(1) 3 Sc2 301.3(3)
2 Sc 320.5(7) 2 Sc 3269(1) Rh3: 3 Scl 272.2(2)
2 In2 330.3(1) 2 In2 339.0(1) 3 Sc2 272.7(2)
2 In2 342.9(1) 2 In2 344.3(1) 3 12 292.8(1)
Inl: 3 In2 290.2(1)
3 Sc2 309.5(2)
3 scl 313.4(2)
11In1 324.3(2)
11Inl 359.8(2)
In2: 1 Rh1 255.9(1)
1 Rh2 265.0(1)
1In1 290.2(1)
1 Rh3 292.8(1)
1 Sc2 306.0(2)
1 Scl 307.4(3)
1 Scl 310.6(2)
1 Sc2 327.3(2)
11n2 3282(1)
1 Scl 329.3(2)
1 Sc2 332.3(2)
2 In2 340.0(1)
11n2 355.9(1)

starting values and the structure was successfully refined us-
ing SHELXL-97 [21] with anisotropic displacement param-
eters for all atoms. Refinement of the correct absolute struc-
ture was ensured through refinement of the Flack parame-
ter [22,23]. In a separate series of least-squares cycles, the
occupancy parameters were refined as a check for the cor-
rect composition. The Sc, Pd1, and In sites were fully occu-
pied within two standard deviations, while the Pd2 site had a
smaller occupancy. In the final cycles the ideal occupancies
were assumed for Sc, Pd1, and In, while the occupancy pa-
rameter of Pd2 was refined as a least-squares variable, lead-
ing to the composition ScPdy ggy(2)In for the crystal investi-
gated.

Refinement of the nickel data sets with the model of the
palladium compound failed. Careful analysis of the data sets

revealed low hexagonal Laue symmetry and no systematic
extinctions, leading to space groups P6/m, P6, and P6, of
which P6 was found to be correct during the structure refine-
ments. B
_Lowering of the space group symmetry from P62m to
P6 via a trandationengleiche symmetry reduction of index
2 (t2) leads to a splitting of the 2d Pd1 site into two one-fold
sites 1d and 1f as shown in the Barnighausen tree [24, 25]
in Fig. 1. Furthermore, the Sc and In atoms gain a variable y
parameter. We then transformed the atomic parameters to the
setting of space group P6. In the first refinement cycles, all
three one-fold positions were refined with nickel atoms. For
both crystals we found full occupancy for the scandium and
indium sites, but different behavior for the one-fold sites. The
first crystal showed only 70% Ni occupancy on the la site
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PEom Sc: 3f Pd_1:2d Pd_2:1a In: 3g
m2m 6.. 62m | m2m
0.3949| 1/3 O 0. 7293
0 2/3
¥ 0 1/2
t2 \\\
i v Y
PG Sc:3j |M2:1d [Ni2: 1f N|1 1a In 3k
6 m.. 6.. 8.. .
ScNig7¢In
0.4136 1/3 2/3 0 0.7407
0.0316| 2/3 1/3 0.0009
‘ 0 12 | 1k 12
i2
a, b, 2c
l Sci1:3j|Sc2: 3k|In1:2h |Rh3: 2i Rh1 1a Hh2 1b] In2: 6/
Pé ma.. M. 3.. 3. . o 1
IScRhg 53133 0.4214|0.4106| 1/3 | 2/3 0 0 |0.7434
0.0353]0.0414 2/3 1/3 0 0 0.9971
0 1/2 0.7370/0.7505 0 1/2 10.7601

Fig. 1. Group-subgroup scheme in the Bérnighausen
formalism [24,25] for the structures of ScPdgggy(2)In,
ScNig.711n1 25 (i.e. Sc3Nip 14(2)IN3 76(2)) and ScRho 53IN1 33
(i.e. ScgRhy 594(9)IN4). The indices of the trandlationenglei-
che (t) and isomorphic (i) transitions, as well as the unit cell
transformation are given. The evolution of the atomic pa-
rameters is shown at the right-hand part. The ScPdg ggy()In
structure is presented here in the setting of the opposite ab-
solute structure.

and different Ni/In ratios on the sites 1d and 1f. Furthermore
this crystal showed meroedric twinning through the twin ma-
trix (010 100001) With the symmetry reduction from P62m
to P6 the mirror planes and the two-fold axes are lost. The
latter can be taken as the twinning element for this crystal.
The second crystal was not twinned and the 1f site showed
full occupancy with nickel, but only 91% nickel occupancy
on the la site. Again, there was Ni/In mixing for the 1d site.
Although the crystals have similar compositions, the site oc-
cupancies differ significantly (Table 2).

The rhodium based crystal showed doubling of the sub-
cell ¢ axis in the IPDS-II data set. Analysis of the data set
showed low Laue symmetry, and consequently, in going from
the subcell space group PG, the next step of symmetry reduc-
tion is an isomorphic transition of index 2 (i2) to P6 upon
doubling the ¢ axis. As emphasized in Fig. 1, now also the
Sc and the Nil positions split into two crystallographically
independent sites. This allows ordering on the two transition
metal positions and furthermore, both scandium sites show
different x and y parameters, leading to different sizes for
the trigonal prisms. Refinement of the occupancy parame-
ters of the Rh1 and Rh2 sites showed significant defects on
these positions. Both occupancy parameters were refined as
a least-squares variable in the final cycles. The crystal chem-
ical reason for this behavior is discussed below.

Final difference Fourier synthesis for all data sets showed
no significant residual peaks (Table 1). The resulting resid-
uals are listed in Table 1, the positional parameters in Ta-
ble 2, and the interatomic distances in Table 3. Listings of the
anisotropic displacement parameters and the observed and
calculated structure factors are available.

Discussion

The four new scandium transition metal in-
dides ScPd.gg1(2)IN, SC3Niz 10(5)IN3.60(5), SC3Niz.14(2)
I3 76(2), and Sc3Rhy 594(9)IN4 reported herein crystal-
lize with different ordered versions of the binary Fe,P
[26] type. An overview of the different site occupancy
variants and superstructures of the Fe,P type has been
given recently [27 —29].

ScPdg.ggy(2)In crystallizes with the ZrNiAl type
structure [30—-32]. A projection is shown in Fig. 2.
The indium atoms build trigonal prisms around the ori-
gin of the unit cell. These prisms are filled with the
Pd1 atoms and they are condensed along the ¢ axis
via the triangular faces. The scandium atoms also form
trigonal prisms. The latter are filled by the Pd2 atoms
and they are condensed via common edges forming
six-membered rings around the prisms of the indium
atoms. The Pd2 position shows only an occupancy of
94.2(6)%. This is correlated with the shorter Pd2-In
distances of 270 pm as compared to Pd1-In (282 pm).
The Pd2-In distances are shorter than the sum of the
covalent radii of 278 pm [4]. Based on the compar-
ison of the interatomic distances, the Pd-In interac-
tions seem to be the strongest ones in the ScPdg ggy(2) In
structure.

The coloring of the trigonal prisms by transition
metal and indium atoms is different in the nickel con-
taining compounds. Here, the indium atoms also form
prisms around the origin (Fig. 2). These are occu-
pied by Ni at 70% in ScNij 10(5)In3.60(5) and at 91%
in ScgNiz 14(2)In3.76(2). The lower occupancy in the
first compound can be understood by the shorter Nil-
In2 distances of 256 pm as compared to 261 pm in
ScaNiz 14(2)In3.76(2)- Within the six-membered rings
of the trigonal prisms formed by scandium, we
observe occupancy by three Ni2 atoms and by a
Ni/In mixture in the other three remaining prisms in

*Details may be obtained from: Fachinformationszentrum Karls-
ruhe, D-76344 Eggenstein-Leopoldshafen (Germany), by quot-
ing the Registry No’s. CSD-413567 (ScPdyggyIn), CSD-413566
(803Ni2_1oln3_50), CSD-413565 (SCgNi2A14|n3'76), and CSD-413568
(SczRhy 5941n4). E-mail: crysdata@FIZ-Karlsruhe.de.
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Sc3Rh1.594(9)In4

Fig. 2. Projections of the ScPdgggy(2)In, Sc3Nip142)
In3 76(2), and ScsRhy 594(9)IN4 structures along the ¢ axis.
Scandium, transition metal, and indium atom are drawn as
light grey, filled, and open circles, respectively. The mixed
Ni/In site in Sc3Nip 14(2)InN3.76(2) is drawn with shaded cir-
cles. The trigonal prisms formed by the indium and scandium
atoms are emphasized. For clarity, only half the unit cell is
shown for the rhodium compound. The crystallographically
different transition metal sites are indicated.

503Ni2.14(2)ln3,76(2>. In the 803Ni2'10(5)ln3,60(5) struc-
ture, all positions in the scandium prisms show mixed
Ni/In occupancies. This coloring is similar to the
Lu3Coj g71n4 structure [33], but with slightly differing
occupancies. Due to the variable y parameter in space
group P6, the scandium atoms can shift and vary the
size of the prisms and thus react on the different size
of the atoms within the prisms.

Sc3Rhy 594(9) I Crystallizes with a new superstruc-
ture of the Fe,P family. The image plate data revealed

343

\6
—_— NT—

Fig. 3. Cutout of the Sc3Rhy 594(g)In4 structure. Scandium,
rhodium, and indium atoms are drawn as light grey, filled,
and open circles, respectively. Some rows of trigonal pris-
matic units together with relevant interatomic distances are
indicated in units of pm.

a doubling of the c lattice parameter and also showed
low Laue symmetry. Thus, SczRhy se4(9)IN4 crystal-
lizes_in the isomorphic subgroup P6 of index 2 (i2)
of P6. Referring to the subcell in space group P62m,
only the indium atoms don’t show a splitting of the
sites, however, they obtain variable y and z parameters
in the superstructure. In contrast to the structures of
the nickel compounds, we observe no mixed occupan-
cies in the rhodium compound. Nevertheless, the Rh1l
and Rh2 sites show defects. Again, these are correlated
with the Rh-In distances.

At this point it is worthwhile to compare the
Sc3Rhy 504(9)IN4  structure with the structures of
TigRhzIng [34], ZrRhg 710(4)In [35], and TmRhIn [36].
All of them crystallize with a Fe,P related structure.
In TizRhyIng [34], the trigonal prisms at the origin
of the unit cell all remain empty. This is due to the
small titanium atoms. If a rhodium atom would oc-
cupy this position, an unreasonably short Rh-In dis-
tance of 231 pm would result. In ZrRhg 719(4)In [35]
with the slightly larger zirconium atom, this position
is filled with 12% rhodium, resulting in a Rh-In dis-
tance of 243 pm. In Sc3RN; 5949y IN4, reported herein,
the Rh1 and Rh2 sites have occupancy parameters of
41 and 78% with Rh1-In and Rh2-In distances of 256
and 265 pm. In TmRhlIn [36] the rhodium site is fully
occupied with a Rh1-In distance of 271 pm. For com-
parison, the sum of the covalent radii is 275 pm [4].
Thus, the occupancy parameter of the rhodium sites
nicely scales with the size of the trigonal prisms and
the Rh-In distances.

The above result is actually not understandable
looking at a local spot in a structure. A lower occu-



188

M. Lukachuk et al. - Ternary Scandium Indides

pancy does not resolve the occurrence of too short dis-
tances. This dilemma, however, is resolved by taking
into account that locally strain might occur and, thus,
the atoms are squeezed in. For the whole crystal, how-
ever, the sum of all the local strain limits the total oc-
cupancies.

Within the scandium based prisms, we observe an
occupancy by Inl1 and Rh3 atoms. Since these atoms
differ significantly in size, the scandium atoms also re-
act with a small displacement. In Fig. 3 we present a
cutout of the trigonal prismatic scandium units. The
indium atoms are dislocated from the subcell mir-
ror plane, forming In, pairs at Inl-Inl distances of
324 pm, close to the In-In distances in elemental in-
dium (tetragonal body-centered structure, 4 x 325 and
8 x 338 pm In-In [37]). Thus, the Sc3Rhy s94(g)IN4
structure is also dominated by strong Rh-In and In-In
interactions.

Summing up, we observe four scandium transition
metal indides, which crystallize with a different color-
ing of the transition metal and indium atoms. The four
structures are governed by strongly bonding T-In and
In-In interactions, while Sc-Sc bonding plays a minor
role. The shortest Sc-Sc distances range between 342
and 346 pm, longer than the average Sc-Sc distance
of 328 pm in hcp scandium. The crystal chemistry of
these four intermetallics can be understood on the basis
of a group-subgroup scheme.
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