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The equiatomic TiNiSi type tetrelides Y 7X (space group Pnma) with T = Ni, Ir and X =
Si, Ge, Sn, Pb were synthesized from the elements by arc-melting or via high-
frequency-melting of the elements in sealed niobium ampoules. All samples were
characterized by powder X-ray diffraction using the Guinier technique. The structures
of YNiGe, YNiPb, YIrSi, YIrGe, and YIrSn were refined from single crystal X-ray
diffractometer data. The YTX tetrelides are characterized by three-dimensional [7X]
network that consists of puckered 73X3 hexagons with 7—X distances in the order of the
sums of the covalent radii. YIrSi and YIrGe show a reverse occupancy of the 7 and X
sites with respect to the remaining Y7X compounds, which is most likely a size effect.
Solid state NMR studies reveal the sensitivity of **Y Knight shifts to electronic structure
details. A monotonic dependence on the tetrelide Pauling electronegativity is observed
in addition. The stannides Y7Sn (7 = Ni, Rh, Ir, Pt) were further characterized by 19gn
Mossbauer spectroscopy. They show single signals that are subjected to quadrupole

splitting. Comparison of the isomer shifts with the whole series of Y7Sn stannides gives
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no hint for obvious correlations as a consequence of the valence electron count but

reveals a systematic decrease with atomic number within a given group.

1. Introduction

Solid state NMR spectroscopy on diamagnetic rare earth nuclei (*Sc, ¥Y, '*’La, and
"Lu) within intermetallic compounds is a suitable complementary tool for structural
studies, especially for cases of superstructure formation, where standard single crystal
X-ray diffraction attains its limits. Meanwhile a broader data base is available for the
scandium intermetallics."” > > Numerous applications of *Sc solid state NMR have been
published recently, illustrating the sensitivity of Knight shifts and quadrupolar coupling
constants to details in the local atomic environments. Using **Sc-NMR it was possible
to detect structural changes caused by thermally induced phase transitions, local defects
in compounds with sub-stoichiometric site occupancies, and site multiplicities

associated with superstructure formation.'

In the case of Y and "*’La NMR of intermetallic compounds, only few data are
available in literature. Often, well- resolved spectra can be obtained such as for LaIrsz4
and the stannides YPdSn and YPd,Sn.” Recently a comprehensive study has been
published, summarizing ¥Y NMR spectra on more than 20 binary and ternary yttrium
intermetallics. Resonance shifts vary over a wide range, from 832 ppm in YNi,Ge; to
3670 ppm for elemental yttrium’, even though no obvious semi-empirical correlations
with the structure, valence electron concentration, or the electronegativity of the
bonding partners can be found when compounds with different crystal structures are

being compared.

On the other hand our previous *Sc NMR work has revealed systematic Knight
shift trends within certain series of isotypic compounds of composition Sc7X.> Based
on these results, the present manuscript explores this question for ®Y NMR within the
series of YNiLX and YIrX (X = Si, Ge, Sn, Pb) tetrelides. All of these compounds
crystallize with the orthorhombic TiNiSi type structure.®'® So far, only the structures of
YNiSi’ and YNiSn'' were characterized on the basis of single crystal diffraction data.
YNiGe® and YNiSn'* are Pauli paramagnets. YIrSi reveals a superconducting transition

at Tc = 2.7 K'® in addition. Herein we present single crystal data for the remaining
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compounds as well as for the new stannide YIrSn. Our investigation is complemented

by '"*Sn Méssbauer spectroscopic experiments of the Y7Sn stannides.

2. Experimental

Synthesis

The starting materials for the preparation of the series of YNLX (X = Si, Ge, Sn, Pb) and
YIrtX (X = Si, Ge, Sn) samples were yttrium ingots (smart elements), nickel wire
(Johnson Matthey), iridium powder (Heraeus), lumps of silicon and germanium
(Wacker), tin shots (Merck) and lead granules (ABCR GmbH) all with a stated purity
better than 99.9 %. The lead granules were melted for 12 h at 770 K in an evacuated
silica tube, followed by quenching and removal of the lead oxide from the surface
(purification by liquation). For preparation of the YNiX (X = Si, Ge, Sn, Pb) samples the
elements were weighed in the ideal 1 : 1 : 1 atomic ratio and arc-melted'’ under an
atmosphere of dried argon. All buttons were turned over and remelted several times to
ensure good homogeneity. The weight losses after several meltings were in all cases <
0.5 %. The crushed buttons had a light grey color with metallic luster. They are stable in

air and no decomposition was visible after several months.

The YIrX (X = Si, Ge, Sn) compounds were prepared via an induction melting
process. The elements were weighed in the ideal 1 : 1 : 1 atomic ratio and arc-welded in
niobium tubes under 800 mbar argon. The niobium tubes were then placed in the water-
cooled sample chamber of an induction furnace (Hiittinger Elektronik, Freiburg,
Germany, Typ TIG 5/300)."® The tubes were subsequently annealed for 60 min at 1900
K, followed by quenching. The samples could easily be separated mechanically from
the tubes. No reaction with the crucible material could be detected. The light grey

polycrystalline samples are stable in air over months.

EDX data

The single crystals studied on the diffractometers were investigated by semiquantitative
EDX analyses by use of a Zeiss EVO MA10 scanning electron microscope (variable
pressure mode) with Y, Ni, Ir, Ge, Sn, and PbF, as standards. The experimentally

observed compositions were close to the ideal ones. Especially the iridium containing
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crystals were carefully checked with respect to impurity phases. No contamination with

the crucible material (niobium) was evident. No other impurity elements were found.

X-Ray diffraction

The polycrystalline YNiX and YIrX samples were studied by powder X-ray diffraction
using a Guinier camera (equipped with an imaging plate detector, coupled with a
Fujifilm BAS-1800 readout system) and CuK ¢ radiation and a-quartz (a = 491.30 and
¢ = 540.46 pm) as an internal standard. The orthorhombic lattice parameters (Table 1)
were obtained from least-squares fits of the Guinier powder data. The correct
assignment of the indices was facilitated by intensity calculations'® using the atomic
positions from the structure refinements. Our experimental data are in good agreement

with earlier literature data.

Small single crystals of YNiGe, YNiPb, YIrSi, YIrGe, and YIrSn were selected
from the crushed annealed samples. The silvery crystals were glued to small quartz
fibres using bee’s wax and their quality for a diffractometer data collection was tested
by Laue photographs on a Buerger camera (white Mo radiation). Intensity data of good
quality crystals of YIrSi and YIrSn were collected at room temperature on a four-circle
diffractometer (CAD4) with graphite monochromatized MoK, radiation and a
scintillation counter with pulse height discrimination. Scans were taken in the /20
mode. The YIrGe crystal was measured at room temperature by use of a StoeStadiVari
equipped with a Mo microfocus source and a Pilatus 100 K Detector with a hybrid-
pixel-sensor. A spherical absorption correction was applied to the data set. Data for the
YNiGe and YNiPb crystals were collected at room temperature by use of a Stoe IPDS-II
image plate diffractometer using graphite monochromatized Mo K, radiation.
Numerical absorption corrections were applied to these and the CAD4 data sets. All

relevant details concerning the data collections and evaluations are listed in Table 2.

Structure refinements

The five diffractometer data sets showed primitive orthorhombic lattices and the
systematic extinctions were compatible with space group Pnma, in agreement with our
previous results on YPdSn.” The atomic parameters of the palladium compound were
taken as starting values and the structures were refined using SHELXL-97** ' (full-

matrix least-squares on F°) with anisotropic atomic displacement parameters for all
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atoms. Only the YIrSi and YIrGe data sets converged with this setting. The other
compounds show the reverse coloring for the polyanionic network. We subsequently
interchanged the 7 and X sites and the refinement converged smoothly to the values
listed in Tables 2 and 3. As a check for the correct composition all occupancy
parameters of all data sets were refined in separate series of least-squares cycles. All
sites were fully occupied within two standard deviations and in the final cycles the ideal
occupancy parameters were assumed again. The final difference Fourier syntheses were
flat (Table 2). The positional parameters and interatomic distances are listed in Tables 3

and 4.

Further details on the structure refinements are available. Details may be obtained
from: Fachinformationszentrum Karlsruhe, D-76344 Eggenstein-Leopoldshafen
(Germany), by quoting the Registry No’s. CSD-427256 (YNiGe), CSD-427254
(YNiPb), CSD—427253 (Y1IrSi), CSD—427251 (YIrGe) and CSD-427252 (YIrSn).

89y solid state NMR spectroscopy

%Y solid state NMR spectra were measured on a Bruker DSX-500 spectrometer

equipped with a 7 mm low-gamma magic-angle spinning MAS-NMR probe (**Y NMR
frequency 24.5 MHz). To minimize probe detuning and rf sample heating effects of
these metallic samples, intimate mixtures of the powdered material and crystalline
quartz in a 1:1 mass ratio were investigated. Samples were rotated at the magic angle
with rotation speeds of 5-7 kHz, and spectra were obtained in the form of Bloch decay
signals, using 90° pulses of 9.5 us length, and relaxation delays of 2-5 seconds. To
suppress probe ringing effects, all the spectra were obtained following a pre-acquisition
delay of one rotor period. Resonance shifts are reported relative to an external 1M

aqueous Y Clj solution.

1931 Méssbauer spectroscopy

A Ca'"™Sn0; source was used for the ''”Sn Méssbauer spectroscopic investigations.
The samples were placed within thin-walled PVC containers at a thickness of about 10
mg Sn/cm’. A palladium foil of 0.05 mm thickness was used to reduce the tin K X-rays
concurrently emitted by this source. The measurements were conducted in the usual

transmission geometry at 78 K.
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Electronic structure calculations

Quantum mechanical calculations on DFT level were performed unsing the FPLO
program package (5.00-19)** and the models of the crystal structures described in the
text, the appendix and the references cited therein. As basis sets for the FPLO
calculations, Y (4s4p/5s5pa4d), Ni (3s3p/4sd4p3d), Ir(5s5p/6s6p5d), Si(2s2p/3s3p3d),
Ge(3s3p/4s4p3d), Sn(4sdp/5s5p4d) and Pb(5s5p/6s6p5d) functions were chosen for

semicore/valence states.

3. Crystal chemistry
The equiatomic yttrium compounds Y7X (7 = Ni, Ir and X = Si, Ge, Sn, Pb) crystallize

3

with the orthorhombic TiNiSi type structure,” space group Pnma with four formula

units per cell. These structures can be considered as strongly, orthorhombically distorted

variants of the aristotype AlB, %

The near-neighbor coordination for the yttrium
atoms is shown in Figure 1. Each yttrium atom is coordinated by two ordered and
strongly puckered 73X; hexagons. Additionally these 75X3 hexagons show a strong tilt
and we observe the formation of inter-layer 7—X bonds that are totally absent in AlB,.
For all compounds, the intra- and interlayer 7-X bonds are close to the sum of the
covalent radii,”® consistent with significant 7-X bonding within the three-dimensional
[7X] networks.

The crystal chemical details of the family of TiNiSi type compounds is well
documented in literature and we refer the reader to these review articles.”* *>*" 2® The
Y TX compounds presented here can be subdivided into two groups as a function of their
coloring of the 7 and X atoms within the [7X] network. YIrSi and YIrGe show the
reverse coloring as compared to the remaining compounds. The switch of the transition
metal and X positions has a drastic effect on the yttrium coordination. In the case of
YIrSi and YIrGe the yttrium atoms have five nearest silicon, respectively germanium
neighbors, while there are nearest transition metal neighbors in the other ones. This
different coloring is not correlated with the electronegativities. However, it is obvious,
that iridium is the larger atom in YIrSi and YIrGe, while the X atoms are the larger ones

in YNiSi, YNiGe, YNiSn, and YNiPb. These differences in size most likely enable an

effective puckering. The consequences on the **Y NMR spectra are discussed below.
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4. %Y solid state NMR results and theoretical calculations

Figures 2 and 3 show the solid state NMR spectra of the YNiX and the YIrX series.
While the linewidths show no systematic variations as a function of composition, there
is a dependence of the isotropic signal shift on the type of the tetrelide anion. As the
magnitude of the signal shift is well outside of the range of chemical shielding effects
generally observed for yttrium compounds (several hundred ppm),”” *° the Knight shift
(K) has to be considered as dominant shift mechanism. In each case, the germanium
compound shows the least pronounced Knight shift of 1450 ppm for YNiGe and 1787
ppm for YIrGe, whereas the Knight shift is maximum for the compounds with the
heaviest tetrelide atom with 1796 ppm for YNiPb and 2107 ppm for YIrSn. This
behavior follows a trend recently observed when the **Sc Knight shifts of the silicides
ScNiX, ScPdX, and ScPtX (X = Si, Sn) are compared with each other: in each case,
significantly higher Knight shifts are observed for the stannides as compared to the
silicides.>” The dependence on atomic number observed within this group of isotypic
compounds follows the electronegativities within the group-14 series. This correlation
suggests a strong dependence on the electronic structure of these compounds and it was

explored on the basis of DFT calculations.

The NMR signal shift of metallic compounds is in the most simple approximation
direct proportional to the electronic density of states of the s-electrons at Fermi level.*
(s-DOS(EF)) Thus, for an estimation of the origin of the NMR signal shift’! quantum
mechanical calculations were performed, using the models of the crystal structures
described in the text. The results of these calculations are depicted in Fig. 4. A huge
variation of the NMR signal shift with the s-DOS(EF) is observed instead of the linear

relation expected by theory.

Additional quantum mechanical calculations were performed to rank the scattering
of estimated NMR signal shifts for other Y compounds. The inset of Fig. 4 indicates a
large variation of the Knight shift of the investigated compounds with respect to the s-
DOS(EF). The compounds on which calculations were performed are listed in Table 6.
To probe the validity of the used approximation we investigated compounds posessing
multiple sites of different occupation.” Within this test the NMR signal shift increases
with increasing s-DOS(EF) for the different sites as expected. A similar observation was

obtained for the gallides of the alkaline earth metals and sodium.**
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To summarize the results of our investigation of the NMR signal shifts: The level of
approximation used in the presented calculations is not sufficient for the description of
the NMR signal shift in the investigated Y compounds. Most probably shielding
contributions to the signal shift have to be included into the description. Unfortunately,
no standard software is available to perform such type of calculations. Hopefully, this
will change in the near future, since the general understanding of the electronic structure

of intermetallic compounds has to be improved.*

Finally, it is worth noting that spinning sideband intensity profiles indicate a
magnetic shielding anisotropy of *’Yin YIrSi and YIrGe. These are significantly larger
than in the other compounds. This finding may be closely related to the reverse T/X site
occupancy observed in these two compoundssuggesting that the magnetic shielding

anisotropy may be a good NMR spectroscopic indicator of this phenomenon.

6. 11°Sn Mossbauer spectroscopy

"9Sn Méssbauer spectra of the stannides Y7Sn (7 = Ni, Rh, Ir) are presented in
Figure 5 together with transmission integral fits. The corresponding fitting parameters
are listed in Table 7 along with relevant literature data on the remaining Y7Sn
stannides. The three spectra could be well reproduced by single quadrupole doublets in
agreement with the the occurrence of single crystallographic environmnets. The
quadrupole splitting reflects the relatively low site symmetry (.m.) of the tin atoms.
Table 7 reveals that the isomer shift and quadrupole splitting parameters do not depend
on the valence electron count (element group number) in a systematic fashion. On the
other hand they reveal a monotonic decrease in isomer shift with increasing atomic
number within the same group. As in the case of the Y NMR results, the '"’Sn
Mossbauer spectroscopic parameters indicate that the stannide YIrSn occupies a special

position within this series of isotypic compounds.

Conclusions

Synthetic and X-ray crystallographic work confirmed the TiNiSi type structure for
the series of tetrelides Y7.X with 7= Ni, Ir and X = Si, Ge, Sn, Pb. The coloring of the T
and X atoms within the [7X] network is a function of the size of T and X. On the
spectroscopic side the tetrelides were characterized by Y solid state NMR

spectroscopy and the stannides in addition by ''’Sn Massbauer spectroscopy. The single
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yttrium sites were well detected in the *Y spectra. The Knight shifts are compared with
a larger series of intermetallic yttrium compounds along with the partial electronic
density of states of the S5s-like electrons at the Fermi level. These data show a very
complex behavior and no simple linear dependence, indicating a multifaceted interplay

of electronegativity, structure type and coloring within a given network.
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Table 1 Refined lattice parameters (Guinier powder data) of the TiNiSi type
intermetallic compounds YNiX (X = Si, Ge, Sn, Pb) and YIrX (X = Si, Ge,Sn).
Standard deviations are given in parentheses.

Compound a/ pm b/pm ¢/ pm v/ nm’ Ref.
YNiSi 686.5(1)  415.4(1)  720.1(2)  0.2054 this work
685.3 418.6 720.6 0.2067 [6]
687.0(5) 415.5(4)  720.5(5)  0.2057 [7]
YNiGe 690.0(2)  420.3(1)  728.7(2) 0.2113 this work
697.0(1)  421.2(1)  725.8(1)  0.2131 9]
687.0 421.2 725.8 0.2100 [10]
690.2 420.1 730.2 0.2117 (8]
YNiSn 710.4(1)  444.36(8) 766.6(1)  0.2420 this work
711.5 444.9 766.5 0.2426 [12]
712.1(5)  442.7(2) 7649(2) 0.2411 [14]
713.5 4448 767.5 0.2436 [13]
712.6(3) 4439(3) 767.4(2)  0.2427 [11]
YNiPb 715.02)  451.3(1)  775.2(2)  0.2501 this work
715.90(4) 451.76(2) 776.10(4) 0.2150 [15]
YIrSi 678.8(3) 4183(1) 746.4(3) 0.2119 this work
678.9(4) 418.8(2) 746.2(6) 0.2122 [7]
678.9 418.8 746.2 0.2122 [16]
YIrGe 683.43(8) 426.28(4) 761.98(8) 0.2220 this work

684.3(2) 427.12) 761.9(3)  0.2227 [7]
YIrSn 693.6(2)  451.6(1) 796.8(3) 0.2496 this work
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Table 2 Crystal data and structure refinement for YNiX (X = Ge, Pb) and YIrX (X = Si, Ge, Sn) with TiNiSi structure type, space

group Pnma, Z = 4.

Empirical formula

Molar mass [g mol ']

Unit cell dimensions

(Guinier powder data)

a [pm]

b [pm]

¢ [pm]

Cell volume [nm°]

Calculated density [g cm ]
Crystal size [um”]

Transm. ratio (max / min)
Diffractometer

Detector distance [mm]
Exposure time [sec]

o range; increment [°]
Integration parameters A,B, EMS
Absorption coefficient [mm ']
F(000) [e]

0 range [deg]

Range in Akl

Total no. reflections
Independent reflections / R,
Reflections with > 2c(1)
Data / parameters
Goodness-of-fit on F>
R1/wR2 for I>26(])

R1/ wR2 for all data
Extinction coefficient

Largest diff. peak / hole, [e / A~

YNiGe
220.2

690.0(2)
420.3(2)
728.7(2)
0.2113

6.92

20 x 20 x 60
0.65/0.22
IPDS II

60

300

0-180; 1.0
12.8,2.9,0.012
49.7

396

4.1-34.9

+10, 6, 11
1688

509 /0.0593
215/0.0844
509 /20

0.64

0.0198 / 0.0380
0.0688 / 0.0439
150(9)
3.00/-3.08

YNiPb
354.8

715.02)
451.3(1)
775.2(2)
0.2501

9.42

20 x 20 x 70
0.38/0.05
IPDS II

60

240

0-180; 1.0
12.9, 2.7, 0.01
97.2

596

3.9-34.9
+11,47, £12
2021

609 /0.0538
451/0.0362
609 /20

1.45

0.0304 / 0.0650
0.0479 / 0.0674
37(8)
434/-3.86

YIrSi
309.2

678.0(3)
418.3(1)
746.4(3)
0.2119

9.69

40 x 60 x120
0.14/0.04
CAD4

90.0
520

4.1-40.0

+12, 47, +13
4948
723/0.0422
665 /0.0091
723 /20

1.71
0.0181/0.0237
0.0211/0.0241
79(7)
4.23/-2.79

YIrGe
353.7

683.43(8)
426.28(4)
761.98(8)
0.2220

10.58

40 x 40 x 40
0.25/0.06
StadiVari

50

28

— 0.3
7.0,-5.2,0.012
98.7

592

4.0-40.4
+12,+7,+13
2149

744 /0.0636
626/0.0224
744 /20

1.82
0.0300/0.0714
0.0352/0.0722
131(12)
5.33/-4.04

YIrSn
399.8

693.6(2)
451.6(1)
796.8(3)
0.2496
10.64

20 x 20 x80
0.43/0.16
CAD4

85.8
664

3.9-39.9

+12, 48, +14
4264
842/0.0613
669 /0.0312
842 /20

1.16

0.0250 / 0.0449
0.0428 / 0.0495
132(5)
3.58/-3.05
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Table 3 Atomic positions and anisotropic displacement parameters (pm?) of YNiX (X
= Ge, Pb) and YIrX (X = Si, Ge, Sn), space group Pnma. The anisotropic displacement
factor exponent takes the form: —27t2[(ha*)2U11+...+2hka*b* Uia]; Uip = Uys = 0; Uyq is
defined as one third of the trace of the orthogonalized Uj tensor. All atoms lie on
Wyckoff sites 4c¢ (x 1/4 z).

Atom X z U11 U22 U33 U13 Ueq
YNiGe

Y 0.00603) 0.70747(8) 533)  622) 713)  1(1) 62(2)
Ni 03095(3)  0.42052) 112(7) 796)  73(7)  1(1) 88(4)
Ge 02006(2) 0.0896(2)  80(5)  40(5)  42(4)  O(1) 54(3)
YNiPb

Y 0.0093(2) 0.70712)  88(5) 110(5) 116(5)  4(4) 105(3)
Ni 029713)  0.4177G3)  185(7) 109(6) 133(7) 13(10) 142(4)
Pb 0.19774(8) 0.08790(7) 114(2)  792) 106(2)  0o(1) 100(1)
YIrSi

Y 0.00526(6) 0.68691(6) 452)  81(2)  402)  —6(1) 55(1)
Ir 0.15643(2) 0.06423(2) 45(1)  69(1)  39(1)  3(1) 51(1)
Si 0.2984(2)  0.3898(2)  48(5)  61(5)  66(5)  O(1) 58Q)
YIrGe

Y 0.0075(1)  0.6909(1) 137(3) 136(3) 1303) —1(1) 135Q2)
Ir 0.15963(5) 0.06349(5) 137(1) 125(1) 130(1)  3(1) 131(1)
Ge 02917(2)  03882(2) 135(4) 1183) 142(4)  0(1) 132(2)
YIrSn

Y 0.0186(1)  0.6912(1)  693)  793)  863)  0(1) 78(Q)
Ir 027143(5) 0.39744(4) 83(1)  62(1)  77(1)  3(1) 741)

Sn 0.16833(8) 0.07396(6)  84(2)  59(2)  70(2)  3(2) 71(1)
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Table 4 Interatomic distances (pm) in the structures of YNiX (X = Ge, Pb) and YIrX (X = Si, Ge, Sn). Standard deviations
are all equal or less than 0.3 pm. All distances within the first coordination spheres are listed.

YNiGe YNiPb Y1IrSi YIrGe YIrSn

Y: 2Ni 2906 Y: INi 3044 Y: 2Si  290.6 Y: 2 Ge 2947 Y: 1 Ir 2925
2Ge 2939 2Ni 311.0 1Si 2979 2 Ge 3014 2 Ir 3105
I Ni 2959 2Pb 3132 2Si 2992 1 Ge 3015 2 Ir  315.0
1 Ge 302.1 1Pb  319.2 1Ir  299.7 1 Ir 3024 2 Sn 320.6
I Ni 303.1 2Pb 321.5 2Ir  300.5 2 Ir 3058 1 Sn 3219
2Ge 3042 1Pb 3245 1Ir 3020 1 Ir 306.7 1 Sn 3222
1 Ge 309.1 INi  328.1 21Ir 323.8 2 Ir 326.5 2 Sn 3269
2Ni 316.6 2Ni  329.0 1Si 345.7 1 Ge 353.0 2Y 359.2
2Y 3505 2Y 363.6 2Y 3488 2 Y 3534 1 Ir 3699
2Y 3683 2Y 3927 2Y 3522 2 Y 36038 2 Y 380.1

Ni: 2 Ge 2437 Ni: 2Pb 2614 Ir: 1Si 2454 Ir: 2 Ge 253.7 Ir:. 1 Sn 2675
1 Ge 252.6 1Pb 2653 2Si 2483 1 Ge 254.1 2 Sn 269.3
1 Ge 270.0 1Pb 286.5 1Si 2614 1 Ge 2633 1 Sn 2762
2Y  290.6 1Y 3044 1Y 299.7 1 Y 3024 1 Y 2925
1Y 295.9 2Y 311.0 2Y 300.5 2Y 305.8 2Y 310.5
1Y 303.1 1Y 328.1 1Y 302.0 1Y 306.7 2Y 315.0
2Y 316.6 2Y 3290 2Ir 3131 2 Ir 3200 1 Y 3699
2Ni 3559 2Ni 389.1 2Y 3238 2 Y 3265 2 Ir 4189

Ge: 2Ni 2437 Pb: 2Ni 2614 Si: 1Ir 2454 Ge:2 Ir 253.7 Sn: 1 Ir 2675
I Ni 2526 INi 2653 21Ir 2483 1 Ir 2541 2 Ir 2693
INi 270.0 1 Ni 2865 1Ir 2614 1 Ir 2633 1 Ir 2762
2Y 2939 2Y 3132 2Y  290.6 2 Y 2947 2 Y 3206
1Y 302.1 1Y 319.2 1Y 297.9 2Y 301.4 1Y 321.9
2Y 304.2 2Y 321.5 2Y 299.2 1Y 301.5 1Y 3222
1Y 309.1 1Y 3245 1Y 346.7 1 Y 3530 2 Y 3269

Table 5 *Y MAS NMR isotropic resonance shifts
(8iso £ 2 ppm) and Full widths at half height (A £ 10
Hz) of YNiX (X = Si, Ge, Sn, Pb) and YIrX (X = Si,

Ge, Sn).

Compound diso (ppm) A (Hz) Ref.
YNiSi 1524 753 [5]
YNiGe 1450 520 [5]
YNiSn 1640 370 [5]
YNiPb 1796 922 this work
YIrSi 1837 605 [5]
YIrGe 1787 122 this work

YIrSn 2107 2326 this work




Table 6 Intermetallic compounds used for quantum mechanical
calculations. The NMR signal shifts and electronic density of states
at the Fermi level (s-DOS(EFr)) are given for a multiplicity of

Dalton Transactions

compounds in different structure types.

16

Compound Structure type  Signal shift (ppm) s-DOS(EF)
YMg CsCl 2923 0.008
YCu CsCl 2851 0.051
YZn CsCl 1600 0.004
YAg CsCl 2923 0.046
YAu CsCl 2794 0.081
YCoC YCoC 1486 0.022
YCo,Si, ThCr,Si, 1521 0.004
YNi,Si, ThCr,Si, 756 0.012
Y Cu,Si, ThCr,Si, 585 0.004
YRu,Si, ThCr,Si, 2131 0.012
YRh,Si, ThCr,Si, 1278 0.007
YPd,Si, ThCr,Si, 1013 0.014
YNi,Ge, ThCr,Si, 832 0.005
YRh,Si YRh,Si 1416 0.006
2995 0.097
Y,RhSi; Lu,CoGa; 669 0.005
1376 0.097
YCuSi ZrBeSi 1386 0.016
YAgSi ZrNiAl 1445 0.011
YAgGe ZrNiAl 1480 0.010
YRhSn ZrNiAl 2087 0.089
YNiSi TiNiSi 1524 0.040
YNiGe TiNiSi 1450 0.027
YIrGe TiNiSi 1787 0.021
YNiSn TiNiSi 1640 0.045
YPdSn TiNiSi 1440 0.045
YIrSn TiNiSi 2107 0.088
YNiPb TiNiSi 1796 0.036
YCuSn NdPtSb 2045 0.026
YAgSn NdPtSb 2152 0.032
YCuPb LiGaGe 2182 0.026
YRh,Sn MnCu,Al 3194 0.011
YPd,Mg MnCu,Al 3874 0.026
YPd,Cd MnCu,Al 3802 0.020
YPd,Sn MnCu,Al 1920 0.007
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Table 7 Fitting parameters of ''’Sn Mossbauer spectroscopic
measurements of the series of YNiX (X = Si, Ge, Sn, Pb) and
YIrX (X = Si Ge, Sn): isomer shift (J,), electric quadrupole
interaction (4Eq) and experimental line width (/). Numbers in

parentheses represent the statistical errors in the last digit.

Compound 6 (mm/s) AE,(mm/s) [ (mm/s) Ref.
YCoSn 1.78(1) 0.50(2) 1.01(3) [37]
YRhSn 1.75(1) 0.68(2) 1.04(3) this work
YIrSn 1.70(1) 0.97(1) 1.09(1)  this work
YNiSn 1.82(1) 0.83(2) 1.07(3) this work
YPdSn 1.78(1) 0.90(1) 1.10(3) [5]
YCuSn 1.80(3) 0.61(1) 0.94(1) [38]
YAgSn 1.78(1) 0.43(4) 0.91(9) [39]
YAuSn 1.72(3) 0.62(1) 0.89(2) [40]
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YIrSi YirGe

YIrSn

Fig. 1 The near neighbor coordination of yttrium in the structures of YNiX (X = Si, Ge,
Sn, Pb) and YIrX (X = Si, Ge, Sn). Yttrium, nickel (iridium) and the group IV elements
are drawn as medium grey, black filled and open circles, respectively. Relevant
interatomic distances (pm) are indicated.
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Fig. 2 24.5 MHz solid state NMR spectra of the YNiX (X = Si, Ge, Sn, Pb) series at
room temperature. Spinning sidebands are marked by asterisks.
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Fig. 3 24.5 MHz solid state NMR spectra of the YIrX (X = Si, Ge, Sn) series at room
temperature. Spinning sidebands are marked by asterisks.
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Fig. 4 Partial electronic density of states of the 5s-like electrons at the Fermi level (s-
DOS(EF)) versus NMR signal shift of the **Y isotope. Main panel: TiNiSi type structure
compounds. Inset: Squares (O) represent the TiNiSi type compounds. Other symbols
orginate from varying compounds: filled triangles (&), open(O) and grey filled (©)
circles emerge from YRh,Si and Y,RhSis, respectively.
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Fig. 5 Experimental (data points) and simulated (continuous lines) ''’Sn Mdssbauer
spectra of YNiSn, YRhSn and YIrSn at 78K.



