
Sr2Ni3 – A Strontium Subnickelide ?  

The chemistry of ternary and higher nitridometa-
lates is a long-running research project at our insti-
tute [1,2]. In the previous scientific report we pre-
sented results on compounds in the system Sr-Ni-
C-N [1]. To investigate the phase formation in this 
quaternary system pelletized mixtures of the ele-
ments and binary alkaline-earth nitrides were pref-
erentially used. Our current investigations on the N 
species in these quaternary nitridometalates by use 
of 15N-MAS-NMR spectroscopy necessitate the 
absolute absence of elemental Ni in the samples, a 
requirement not completely fulfilled by the current 
methods of synthesis. Therefore, alternate routes of 
preparation were investigated, one of them employ-
ing intermetallic compounds as starting materials. 

The binary system Sr-Ni was first investigated in 
1966 [3]. According to this study, SrNi is the only 
intermediate phase [4] (X-ray diffraction pattern 
indexed with a hexagonal unit cell, a = 332 pm, c
= 701 pm [3]; no further structural information). 
Thus, SrNi might have been an ideal starting mate-
rial for the synthesis of strontium nitridometalates.  

From our first DTA experiments (Fig. 1) the ex-
istence of SrNi (melting point 860°C, incongruent, 
[3]) could not be confirmed. Instead, a new phase 
(Sr2Ni3, P m13  (Nr. 164), a = 412.617(1) pm, c = 
868.567(1) pm) was obtained. In addition, the 
investigations did not give any evidence towards 

the existence of further intermediate phases in the 
binary system up to now. Literature data [3,4] as 
well as our preliminary results are summarized in 
figure 2.  
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Fig. 1: Difference thermal analysis (DTA) of a sample of 
nominal composition SrNi. 

Fig. 2: The binary system Sr-Ni: Summary of literature 
data [3,4] and our preliminary results (red). 
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For the preparation of Sr2Ni3 elemental strontium 
and nickel are mixed in the molar ratio 2:3, pellet-
ized, sealed in a niobium tube under argon, and 
heated in a high-frequency furnace at 1300 °C for 
10 minutes. Subsequent annealing at 600°C for 
48 hrs results in single phase samples with a metal-
lic luster. Microprobe investigations of a polished 
sample of nominal composition SrNi prepared in 
the same manner showed homogeneous regions 
with molar ratio Sr:Ni = 2:3 besides strontium-rich 
regions at the grain boundaries. DTA measurements 
yield 709 °C for the eutectic temperature and 
941 °C for the peritectic decomposition of Sr2Ni3.

Sr2Ni3 is a metallic phase showing Pauli-
paramagnetism. XAS investigations on Sr2Ni3
(Fig. 3) indicate a particular valence state for Ni, 
clearly different from characteristic Ni0, NiI, or 
NiII states. Further discussions on the electronic 
structure of Sr2Ni3 are presented below.  

The crystal structure of Sr2Ni3 (P m13  (Nr. 164), 
a = 412.617(1) pm, c = 868.567(1) pm, Fig. 4) 
was solved from synchrotron diffraction powder 
data and represents a new structure type.  



The dominant structural motif consists of corru-
gated Ni layers (Fig. 5), which are separated along 
[001] by planar double layers of strontium. The 
degree of the corrugation corresponding to the dis-
placement of Nit from z = 0 was determined as 36 
pm. The designation Nio and Nit refers to the octa-
hedral and tetrahedral strontium coordination of the 
nickel species within the respective voids of the hcp
strontium arrangement. The complete coordination 
sphere around Nio is built up by 6 Sr and 6 Nit; Nit

is surrounded by 3 Nio, 3 Nit and 4 Sr, whereas Sr 
features 3 Nio, 4 Nit and 9 Sr as nearest neighbors.  

Distances Ni–Ni (241-249 pm) and Sr–Sr 
(413 pm within layers, 446 pm between layers) in 
Sr2Ni3 correspond well with values from the ele-
ments (Ni: 244 pm [5], Sr: 430 pm [6]); distances 
Sr-Ni range between 282 pm and 342 pm.  

An alternate description of the crystal structure 
of Sr2Ni3 is based on the hexagonal close packed 
arrangement of the strontium atoms. The mode of 
occupation of tetrahedral and octahedral voids by 
nickel is schematically shown in Fig. 6 combined 
with related situations in other compounds. 

The largest topological similarity with Sr2Ni3 is 
observed for Al3Ni2 [7]: both phases crystallize in 
the space group P m13  and are isopunctual with-
out being strictly isotypic. The differences in the 
atomic positions are listed in Table 1.  

Fig. 3: X-ray absorption (XAS) spectra at the Ni K-edge of 
Sr3Ni2 and reference compounds containing Ni0, NiI, and 
NiII, respectively. 

Fig. 4: Crystal structure of Sr2Ni3. Atoms located outside 
the unit cell are represented as transparent spheres. Tetra-
hedral and octahedral coordination of nickel by strontium 
(Nit and Nio, respectively) is emphasized. 

Fig. 5: Corrugated Ni layer in the crystal structure of 
Sr2Ni3, top: view along [001], bottom: side view of the 
section highlighted in grey. 

Wyckoff Sr2Ni3 Al3Ni2

2d Sr, z = 0.7171(1) Al, z = 0.648 
1a Nio Alo

2d Nit, z =0.0420(1) Nit, z = 0.149 

Table 1: Comparison of atomic positions in the crystal 
structures of Sr2Ni3 and Al3Ni2 [7]. 

Fig. 6: Occupation of tetrahedral (t) and octahedral (o) 
voids in the crystal structures of Sr2Ni3, Al3Ni2, and Sr2N,
respectively. Empty voids are represented by .
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The QTAIM Sr atoms in Sr2N form a double 
layer of mutually touching Sr QTAIM basins (Fig. 
9 bottom). The QTAIM N atoms are found to be 
separated from each other. Similarly in Sr2Ni3 only 
the QTAIM Sr atoms of neighbouring double lay-
ers touch each other. Their contact in [001] direc-
tion is inhibited by the Ni layers. In these, the 
QTAIM basins of Nio species (green in Fig. 9 top) 
are only in contact with the Nit species (blue in 
Fig. 9 top).  

The bonding for the peculiar inter-layer-type Sr–
Sr contact was analyzed employing ELI-D (Fig. 
10). The unification of the 1st to 4th shell ELI-D 
basin set yields the Sr core superbasin. The elec-
tronic populations (1.7 for both) for these super-
basins are almost identical, and the sizes (Sr2Ni3:
14.7 × 106 pm3 and Sr2N: 16.5 × 106 pm3) are very 
similar in Sr2Ni3 and Sr2N. Inside the Sr–Sr inter-

Fig. 7: Topological comparison of the crystal structures of 
Al3Ni2 (top) and Sr2Ni3 (bottom). zx corresponds to the 
interlayer distance between filled double layers. 

Fig. 8: Topological comparison of the crystal structures of 
Sr2Ni3 (top) and Sr2N (bottom). 
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The Sr atoms given by the QTAIM method carry 
a positive charge of +0.8 and +1.2 for Sr2Ni3 and 
Sr2N, respectively. Thus the Ni and the N atoms 
display the negative charges as expected from the 
electronegativity scale [10] (ENSr = 0.95, ENNi = 
1.91, ENN = 3.04). The volume demand of the Sr 
atoms is similar in both compounds with values of 
36 × 106 pm3 in Sr2Ni3 and 34 × 106 pm3 in Sr2N.

As shown in Fig. 7, the distance between the 
double layers in Sr2Ni3 ( zSr = 0.434) is consid-
erably larger than in Al3Ni2 ( zAl = 0.296); the 
small interlayer distance ( zAl) of the occupied 
double layers in the crystal structure of Al3Ni2 leads 
to an enlargement of the coordination sphere of Ni 
in Al3Ni2 from tetrahedral to CN(Ni) = 5.  

The electronic structure of Sr2Ni3 was calculated 
at the DFT/LDA level of theory employing the 
FPLO program system. A chemical bonding analy-
sis has been carried out in position space on the 
basis of topological analyses (utilizing the program 
DGrid) of the electron density (Quantum theory of 
atoms in molecules, QTAIM method), which yields 
uniquely defined atomic regions, and on the basis of 
the electron localizability indicator ELI-D [8], lead-
ing to uniquely defined bonding regions. Due to the 
striking similarity of their crystal structures (Fig. 8), 
the results for Sr2Ni3 are compared with those of 
Sr2N, which have already been published earlier [9]. 



layer region a band of higher localizability with 
ELI-D attractors is found in both compounds. 
While the volume demand of the corresponding 
basin sets is rather similar (Sr2Ni3: 37.8 × 106 pm3

and Sr2N: 31.3 × 106 pm3) in both compounds, the 
electronic population is twice as large (Sr2Ni3:
1.4 e–, Sr2N: 0.7 e–) in Sr2Ni3. This is due to the 
less ionic Sr–Ni bonding compared with Sr–N, 
which is also indicated by separate multicenter Sr–
Ni bonding features (Fig. 10 top) visualized as 
separate 1.02-localization domains pointing from 
the Ni atoms towards the ELI-D attractors of the 
Sr interlayer band.  

Taking into account the structural similarities, 
the physical properties and the electronic structure 
calculations, Sr2Ni3 may be regarded as a sub-
nickelide in a similar sense as discussed for the 
subnitride Sr2N [11], as well as for the mixed-
valency subnitrides Sr4N3 [12] and (Ca7N4)Mx
[13]. From the point of view of electron counting 
and charge balancing of chemical formulae the 
subvalent state of the alkaline earth components in 

these nitrides was best described as AE1.5+. Ap-
plied to the intermetallic compound Sr2Ni3 this 
ionic picture would lead to (Sr1.5+)2(Ni–)3. The 
significance of this mode of electron counting will 
also be a subject of our future research on this 
class of compounds. 

Fig. 9: QTAIM basins for Sr2Ni3 (top) and Sr2N (bot
Sr basins (red), N basins (green), Nio basins (pale green),
Ni t basins (blue). 

Fig. 10: ELI-D diagrams for Sr2Ni3 (top) and Sr2N (bot-
tom): Sr (yellow), Ni (red), N (green). Sr2Ni3: 1.02-
localization domains of ELI-D display the interlayer Sr–Sr 
and a separate multicenter Ni–Sr bonding feature. Sr2N: 
1.12-localization domains of ELI-D displaying the inter-
layer Sr–Sr bonding. 

tom):
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