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ABSTRACT 13	

A novel antiferromagnetic semiconductor, Eu3Sn2P4, has been discovered. Single crystals of 14	
Eu3Sn2P4 were prepared using the Sn self-flux method. The crystal structure determined by 15	
single crystal X-ray diffraction shows that Eu3Sn2P4 crystallizes in the orthorhombic structure 16	
with space group Cmca (Pearson Symbol, oP216).  Six Sn-Sn dimers connected by P atoms form 17	
Sn12P24 crown-shape clusters with Eu atoms located in the center. Magnetization measurements 18	
indicate that the system orders antiferromagnetically below TN ~ 14 K at low field and undergoes 19	
a metamagnetic transition at high field when T < TN. The effective magnetic moment is 20	
7.41(3)µB/Eu, corresponding to Eu2+.  The electric resistivity reveals non-monotonic temperature 21	
dependence with non-metallic behavior below ~60 K, consistent with the band structure 22	
calculations. By fitting the data using the thermally activated resistivity formula, we estimate 23	
energy gap ~0.14 eV. Below TN, the resistivity tends to saturate, suggesting the reduction of 24	
charge-spin scattering.  25	
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 29	
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Introduction 1	

Magnetic semiconductors with a combination of magnetic response and semiconducting 2	
properties, if implemented in a device, could provide a new way to control electronics. Research 3	
has been mainly focused on the magnetically doped semiconductor, such as Mn-doped GaAs and 4	
magnetic semiconducting heterostructures in which material fabrication, experimental 5	
measurement and property optimization are quite challenging.1 Little progress has been made in 6	
identifying intrinsic bulk magnetic semiconductors. Among several reported magnetic 7	
semiconductors, europium chalcogenides, EuCh (Ch= O and S), are particularly attractive. In 8	

addition to the ideal Heisenberg ferromagnets with high magnetic moments (~7µB) and simple 9	
NaCl-type rocksalt structure, EuCh exhibits also intriguing optical and electrical properties. For 10	
example, large Faraday and Kerr effects have been observed, making EuO promising for 11	
magneto-optical sensor applications.2–6 With increasing the atomic number of Ch, the Curie-12	
Weiss temperatures θCW decrease 7,8 dramatically from EuO to EuSe. (TC = 69.3 K for EuO, 16.6 13	
K for EuS, and −4.6 K for EuSe). The Curie-Weiss temperature of thin-film ferromagnetic Eu3P2 14	
and Eu3As2 is 25.0 K and 17.3 K, respectively.9,10 These indicate that magnetic interaction 15	
between Eu moments is strongly influenced by liganded main group atoms. For potential 16	
applications, it is highly desirable if ligand atoms can enhance magnetic interaction so to form 17	
magnetic ordering at room temperature.  18	

The strategy to design new magnetic semiconductors is to introduce Eu into Zintl phases, 19	
which are valence-precise compounds consisting of electropositive elements and electronegative 20	
polyanions.11,12 This has been proved to be a useful empirical rule to make new semiconductors 21	
or semimetals. For example, BaGa2P2 and EuGa2P2 crystalize in the similar crystal structure and 22	
the later shows magnetic ordering with  negative magnetoresistance (MR).13,14 New Zintl phases, 23	
Ba3Ga2P4, Sr3Sn2P4, and Sr3Si2As4 were reported to adopt one-dimensional chain structures. 24	
Later, Eu3Ga2P4 was discovered in which the structure is derived by partial substitution of Eu for 25	
some Ga-Ga dumbbells.15 In addition, a similar Zintl compound, Eu3In2P4, is reported to be a 26	
semiconductor with an energy gap of 0.42-0.45 eV and a magnetic transition at 14.5 K.14 The 27	
question arises whether Eu3Sn2P4 can be synthesized. 28	

In this article, we report the single crystal growth of new magnetic Zintl compound Eu3Sn2P4 29	
using the Sn self-flux. Eu3Sn2P4 was determined to be orthorhombic with the space group Cmca, 30	
which is isostructural to Sr3Sn2P4. Magnetic measurements demonstrate an antiferromagnetic 31	
transition (TN) around 14 K. The high-temperature data (50-300K) can be fitted using the Curie-32	

Weiss law, which gives Θ = 6.5(2) K with an effective magnetic moment ~7.41(3)µB/Eu. The 33	
electric resistivity measurements and band structure calculations confirm the semiconducting 34	
character.   35	

  36	



Experimental Techniques 1	

Single crystalline Eu3Sn2P4 was grown using the Sn self-flux method with the initial molar ratio 2	
of Eu: Sn: P = 3: 30: 4. The high purity elements, Eu ingot (99.9%), phosphorus lump 3	
(99.999%), and tin granules (99.9%), were put into an alumina crucible and sealed into a quartz 4	

tube. The ampoule was heated up to 600 °C at a rate of 60 °C/h and kept at 600 °C for 5 hours to 5	
avoid explosion of phosphorus. Then, the sample was heated up to 1050°C at a rate of 60°C/h 6	
and held for 5 hours followed by slow cooling (at a rate of 5°C/h) to 600 °C. The Sn flux was 7	
centrifuged into quartz wool at 600 °C. Typical single crystals have dimensions of ~ 0.5 × 0.5 × 8	
0.5 mm3.  9	

The structure of Eu3Sn2P4 single crystals was determined using a Bruker Apex II single X-ray 10	

diffractometer equipped with Mo radiation (λKα = 0.71073 Å). The crystal structure was refined 11	
by the full-matrix least-squares method using the SHELXLTL package.16 The sample was 12	
further examined by powder X-ray diffraction using Rigaku MiniFlex 600 diffractometer with 13	
Cu Kα1 radiation (λ = 1.5406 Å). Data was collected in the 2θ range 5 to 90° with step 0.005°. 14	
The lattice parameters were obtained by using Le Bail fitting with FullProf software.17 The 15	
chemical composition was also checked by the Scanning Electron Microscope (JSM-6610 LV) 16	
equipped with Energy-Dispersive Spectrometer (EDS). The spectrum was collected on several 17	
locations on the Eu3Sn2P4 single crystal using an accelerating voltage 20 kV and time 50s. EDS 18	
data were analyzed using EDAX TEAM software. Magnetic measurements were performed in a 19	
Quantum Design Magnetic Properties Measurement System (MPMS). The susceptibility 20	
measurements were carried out in zero field cooling (ZFC) and field cooling (FC) modes. A 21	
Quantum Design Physical Property Measurement System (PPMS) was used to measure the 22	
electrical resistivity using the standard AC four-probe technique. The specific heat was measured 23	
using the relaxation method.  24	

The scalar relativistic electronic structure calculations were carried out using the full-potential 25	
local-orbital minimum-basis band structure scheme (FPLO)18,19 The Perdew and Wang 26	
exchange-correlation potential was employed.20 Strong Coulomb repulsion (U) in the Eu 4f 27	
orbitals was treated using the local spin density approximation in the atomic-limit double 28	
counting scheme of the Local Spin Density Approximation (LSDA) with the unrestricted 29	
Hartree-Fock (UHF) approximation (LSDA+U).21,22 There exists no spectroscopy data for 30	
Eu3Sn2P4, therefore, throughout this work, the arbitrarily values of on-site Coulomb repulsion U 31	
= 5 eV and the on-site exchange J = 1 eV were adopted to account for the strongly localized Eu-32	
4f orbitals.23,24 Due to a large number of atoms and very likely complex antiferromagnetic 33	
structure, a simple lower symmetrical model was applied to allow for the possibility of magnetic 34	
ordering within the given unit cell.  The energies were converged on  the Monkhorst-Pack grid 35	
with 3 × 3 × 2 points using the tetrahedron method.25 This approach provided a good agreement 36	
with presented experimental data.  37	

 38	



 1	

Results and Discussion 2	

Details of refinement performed on single-crystal X-ray diffraction data are presented in Table 1. 3	
The results indicate that Eu3Sn2P4 crystallizes in an orthorhombic crystal structure (Cmca, 4	
No.64) with lattice parameters a = 24.882(3) Å, b = 12.453(2) Å and c = 18.493(2) Å. The 5	
atomic coordinates, isotropic displacement parameters, and anisotropic thermal displacement 6	
parameters are summarized in Table 2 and Table S1, respectively. The short Sn-Sn distance in 7	
Eu3Sn2P4 [d(Sn1-Sn3) = 2.7472(6)) Å, d(Sn2-Sn2) = 2.7838(8) Å] indicates the strong atomic 8	
interactions between Sn and Sn. Similarly, short distances between Sn and Sn were observed in 9	

β-Sn in SrSn4 - d(Sn-Sn) = 3.0328 Å and d(Sn-Sn) = 2.9044 Å, respectively, which is called 10	
“dimer”. Thus, we can treat Sn-Sn as a dimer in Eu3Sn2P4, which is shown in Figure 1(a). The 11	
Sn-Sn dimer is surrounded by six P atoms and forms [Sn2P6] octahedra (see Figure 1(b)). Four of 12	
six P atoms in [Sn2P6] octahedra connect with neighboring [Sn2P6] octahedra. This arrangement 13	
results in a unique [Sn12P24] double layered six-membered ring, which helps build the “crown-14	
like” anion clusters in Eu3Sn2P4 (see Figure 1(c)). As can be seen inside the anion of [Sn12P24]36- 15	
is encapsulated a cation of Eu2+. As a result, the crystal structure of Eu3Sn2P4 can be considered 16	
as a polyanionic network of [Sn12P24]36-, which is presented in Figure 1(d) along c 17	
crystallographic axis. The [Sn12P24]36- anion is marked using the green dashed line. The whole 18	
structure of Eu3Sn2P built from [Sn12P24]36- anion with Eu cation inside is presented on Figure 1 19	
(e) along the c crystallographic axis. Combined with the electric resistivity measurements below, 20	
the semimetallic Eu3Sn2P4 can be considered as (Eu2+)3(Sn2)2-(P3-)4 according to the Zintl 21	

concept. The same crystal structure were reported in two Sr-based compounds: Sr3Sn2P4
26

 and α-22	
Sr3Sn2As4.

27
 The powder XRD pattern is presented in Figure 2. The calculated pattern based on 23	

refinement obtained from single crystal X-ray diffraction was generated using Fullprof software. 24	
The pattern obtained experimentally matches with generated one, which confirms the Eu3Sn2P4 25	
phase. 26	

Figure 3(a) exhibits the temperature dependence of magnetic susceptibility measured on 27	
Eu3Sn2P4 single crystals under applied field µ0H = 0.1 T. In the main panel, the susceptibility 28	
increases with decreasing temperature and exhibit paramagnetic behavior. In the low 29	
temperatures, there is observed a sharp maximum around TN ~ 14 K, which indicate the 30	
antiferromagnetic phase transition (marked by arrow in Figure 3(a)). There is no significant 31	
change between zero field cooling (ZFC) and field cooling (FC) curve. In the inset in Figure 3(a) 32	
is presented the temperature dependence of inverse susceptibility. The experimental data follow 33	

the Curie-Weiss law (red solid line in Figure. 3(a)), 𝜒(𝑇) = 𝐶/(𝑇 − 𝜃 ) , where θ is 34	

paramagnetic Curie temperature and C is Curie constant with 𝐶 =
!!""
! !!
!!!

, where NA is Avogadro 35	

constant, kB is Boltzmann constant. Hence, the effective magnetic moment can be calculated 36	

using the formula µeff = 8𝐶, and the obtained fitting parameters are: θ = 6.5(2) K and µeff 37	

=7.41(3) µB. The estimated effective magnetic moment is close to the theoretical value for Eu2+ 38	



free ion predicted by Russell-Saunders coupling scenario (µeff = 7.94µB), and indicate that 4f 1	
electrons are well localized. The positive sign of obtained paramagnetic Curie-Weiss temperature 2	
θ suggests that there is ferromagnetic interaction between Eu ions. However, as we can see in the 3	
main panel of Figure 3(a) the compound orders antiferromagnetically with TN ~ 14 K. Similar 4	
behavior was observed in many different Eu-based compounds, such as EuSnP28, EuCr2Al20

29
, 5	

and Eu3In2P4
14. The long-range antiferromagnetic ordering with positive Curie-Weiss 6	

temperature was also observed for some Eu compounds in Ca3Si2As4 -structure type, for 7	
example, Eu3Ge2As4 and Eu3Si2As4.30 It is also worth noting that in Eu3Sn2P4 there exist 7 8	
different Wyckoff positions (see Table 2), which may lead to a complex magnetic structure in 9	
low temperatures.  10	

The magnetization versus magnetic field measured at different temperatures is presented in 11	
Figure 3(b). At high temperatures, M increases linearly with increasing H. However, below 40 K, 12	
M(H) becomes non-linear. The magnetization in the stronger field shows a tendency to saturation 13	
and reaches the value M = 2.7×104 emu/molEu at 7 T and 2 K, which correspond to the magnetic 14	

moment of 5.17µB. This is smaller than the theoretically predicted saturation moment (µsat = 7µB) 15	
calculated for three ion Eu2+ per formula. The M(H) curves below TN are presented in Figure 16	
3(c). The magnetization deviates from linearity around H1 with a faster increase at H>H1 and 17	
then slows down when H>H2. This indicates that there is a metamagnetic transition, which is 18	
marked by arrows in Figure 3(c). The changes in transition fields versus temperature are shown 19	
in Figure 3(d). H1 and H2 shift towards a weaker magnetic field with increasing temperatures. 20	

The temperature dependence of the electrical resistivity ρ is shown in Figure 4. At room 21	
temperature, the electrical resistivity is ρ =194 mΩ cm, which is lower than observed in other 22	
Eu-based semiconductor Eu3In2P4 (~500 mΩ cm), and higher than in elemental metals like 23	
copper (ρ =1.72x10-3 mΩ cm).31,32 The positive sign of dρ/dT suggests the metallic behavior of 24	
the compound, the resistivity value is high. Around T ~ 60 K the electrical resistivity reaches the 25	
minimum and then increases with decreasing temperature. This clearly indicates that Eu3Sn2P4 26	
has a non-metallic ground state. The low-temperature data were fitted using the formula: 27	

ρ = ρ0 +AT +Bexp(-Δ/2kBT),   (1) 28	

where ρ0 is the residual resistivity, A and B are temperature independent constants, and kB is the 29	
Boltzmann constant. The 2nd term represents the metallic scattering channel (~AT), and the 3rd 30	
term describes thermally-activated semiconducting contribution with Δ the activation energy 31	
[~Bexp(-Δ/2kBT)] .33,34 The fit yields to the parameters: ρ0 = 168(1) mΩ cm, A = 0.06(1) mΩ cm 32	
K-1, B = 47.8(8) mΩ cm and Δ = 0.14(1) eV. The energy gap is smaller than in other Eu-based 33	
magnetic semiconductor, such as Eu3In2P4 (Δ = 0.452 eV) or Eu3Ga2P4 (Δ = 0.552 eV).32,35 In 34	
the inset in Figure 4 is shown the low-temperature range of electrical resistivity. Below TN, ρ(T) 35	
becomes saturated with ρ = 197 mΩ cm. 36	

The temperature dependence of the specific heat measured in the range from 1.9 to 200 K is 37	
shown on the main panel in Figure 5(a). The lambda-shape anomaly is observed at TN = 14 K, 38	



confirming the phase transition in Eu3Sn2P4. The jump in specific heat (ΔC) at TN is equal to 8.3 1	
J/(mol/Eu K). According to the mean-field theory, the jump ΔC expected for simple equal-2	

moment antiferromagnet (EM-AFM) can be calculated using the formula: ∆𝐶 =  !!(!!!)
!!!!!!!!

𝑅,36 3	

where J is total angular momentum and R is the gas constant. For three ions of Eu2+ with J 4	
~S~7/2, ∆𝐶= 20.14 J/(mol/Eu K), which is significantly larger than observed for Eu3Sn2P4, 5	
which may be related to the complex magnetic structure. The temperature dependence of specific 6	
heat measured in a different applied magnetic field is presented in the inset in Figure 5(a). The 7	
transition temperature shifts towards lower temperatures with increasing magnetic field and at 5 8	
T is completely suppressed. In specific heat C(T)/T there is a hump around T = 5 K, which can 9	
be attributed to Zeeman splitting. 37 The hump in C(T)/T below TN arises naturally within MFT 10	
for large S. 37 Similar hump in C(T)/T was previously observed in other Eu-based compounds 11	
like Eu3In2P4,14 EuCr2Al20 29 or the series EuTGe3 (T = Ni, Pd, Pt, Co).38 The calculated entropy 12	
in the low-temperature range is presented in Figure 5(b). The entropy released at TN is 10 13	
J/(mol/Eu K) and is reduced by 58% from expected value for the 8-fold degenerated system S = 14	
Rln(2J+1) = Rln8 = 17.28 J/ (mol/Eu K) per mole of Eu. Worth noting is an extended tail in 15	
specific heat above TN, which together with reduced entropy indicate for short-range interaction 16	
in complex antiferromagnetic structure. 39 17	

Figures 6 (a) and (b) present the density of states (DOS) and band structure of Eu3Sn2P4 18	
calculated using the full-potential non-orthogonal local-orbital code (FPLO) with the with an 19	
additional Hubbard-like term parameterized with U = 5 eV and J = 1 eV.  Since the detailed 20	
experimental magnetic structure is unknown, we compared an antiferromagnetic (parallel 21	
coupling of the spins within the magnetic layer, antiparallel interlayer alignments) as well as a 22	
ferromagnetic (not shown) patterns of the Eu-4f magnetic moments. The total energies of the 23	
both models indicate that the applied AFM model is lower in energy and thus more stable (the 24	
energy difference between AFM and FM model is equal to 167 meV/f.u.). 25	

In agreement with the previous calculations for α-Sr3Sn2As4, the ground state of Eu3Sn2P is a 26	
directly gapped semiconductor with an anisotropic electron transport, mainly along the stacking 27	
direction. The separation between the top of the valence band and the bottom of the conduction 28	
band is about 0.15 eV at the Γ point e.g, less than one-quarter the values 0.87 for the isostructural 29	
α-Sr3Sn2As4.27 This result fully corroborates with the semiconducting nature of Eu3Sn2P4, as 30	
suggested by transport measurements, and can further benefit in the flexibility of both doping 31	
and alloying on the cation Eu2+ sites by slightly perturbing the anionic network. The presence of 32	
the gap in the vicinity of the Fermi level is a characteristic feature of many Zintl phases.8,9, 40 33	
Many series of these compounds, for example BaCaX (X = Si, Ge, Sn and Pb, Group IV), 34	
XNiSn and XCoSb (X = Ti, Zr or Hf), AELi2In2Ge2 (AE = Sr, Ba, Eu),  exhibit a crossover from 35	
semiconducting to metallic behavior upon doping or alloying with  larger atomic sizes and 36	
heavier atoms.41–43 37	

It should be noted that varying U value does not change qualitatively results of the electronic 38	
structure calculations in Eu3Sn2P4. However, the size of the gap is sensitive to the value of the U 39	



parameter, due to changes of the energy separation, e.g. LSDA+U potential opens a band gap in 1	
AFM Eu3Sn2P4 (with broken symmetry), while LSDA does not. 2	

Figure 6 (a) shows general shapes of the total and partial DOSs, which also closely resemble the 3	
electronic structure of non-magnetic β-Sr3Sn2As4 system, apart from obvious differences 4	
associated with the different infinite chains ligand.27 As we analyze above, the cation-anion 5	
interactions in both compounds are not exactly the same, and the anion of [Sn12P24]36- cation of 6	
Eu2+ bonds in Eu3Sn2P4 imply a slightly higher degree of covalency resulting in a narrower band 7	
gap. Nevertheless, the results of DOS indicate nearly optimized bonding interactions consistent 8	
with the classical picture for Zintl compounds. The key difference between nonmagnetic α-9	
Sr3Sn2As4 and Eu3Sn2P4 is the presence of a fairly narrow Eu-4f states in the central portion of 10	
the valence band at around -0.7 eV below EF, meaning that the Eu-4f can be considered as 11	
localized states that play a secondary role in the bonding in Eu3Sn2P4. 11,44,45

 The presence of spin 12	
splitting only for Eu-4f orbitals resemble antiferromagnetic ground state and specifies the 13	
existence of magnetic moment localized almost entirely at the europium cations. In both spin 14	
arrangements, the Eu-4f occupation at each Wyckoff position is close to seven and spin-moments 15	
of S = 7 µB per Eu atom, which is consistent with the experimental magnetic data. Finally, high 16	
degree of localization of Eu-4f ions in Eu3Sn2P4 is also supported by the fact that the shortest 17	
Eu–Eu bond distance in this compound is comparable to other reported intermetallic compounds 18	
containing of the divalent Eu ions, such as EuGe2, 46 EuGa2P2,10, 12 EuSnP,47 EuPd3Bx

48 etc.  19	
Therefore, the localized character of the Eu-4f electrons in these compounds might be a 20	
consequence of expected negligible direct f-f magnetic exchange interactions  and very weak  f -21	
ligand hybridization (Eu atoms are located inside in a highly symmetric anion of [Sn12P24]36- with 22	
closed outer electronic shells. 49 23	

Conclusion 24	

The single crystals of novel Eu3Sn2P4 compound were synthesized using self-flux method and its 25	
crystal structure and physical properties were determined. Eu3Sn2P4 crystallizes in an 26	
orthorhombic crystal structure (Cmca, No. 64) with lattice parameter: a = 24.882(3) Å, b = 27	
12.453(2) Å and c = 18.493(2) Å. The compound shows Curie-Weiss behavior with well 28	
localized europium 4f electrons and orders antiferromagnetically at TN ~ 14 K, which was 29	
confirmed by susceptibility and specific heat measurements. However, reduced jump in specific 30	
heat, extended short–range ordering above TN and positive value of Curie-Weiss temperature 31	
indicate likely complex magnetic structure of Eu3Sn2P4. Electrical resistivity measurements and 32	
band calculation confirmed the semiconducting properties of this material.  33	
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Figure 1. The crystal structure of Eu3Sn2P4. The solid black is the outline of unit cell, and the 1	
blue, red and black balls represent the Eu, P and Sn atoms.  Figure (a): the Sn-Sn dimer. Figure 2	
(b): Sn2P6 octahedra. Figure (c): the single anion of [Sn12P24]-36 with encapsulated Eu2+ cation. 3	
The drawing shows the view along c axis (Figure (d)) with a frame built from [Sn12P24]-36 anions, 4	
and dashed green line represent a structure of one anion. Figure (e): polyanionic structure of 5	
Eu3Sn2P4 with polyhedral built from Sn and P atom. 6	

 7	

 8	

 9	

 10	
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Figure 2 The powder XRD pattern for Eu3Sn2P4. The red and blue lines represent observed and 1	
calculated intensities based on single crystal X-ray diffraction refinement, respectively. Inset:  2	
The picture of Eu3Sn2P4 single crystal. 3	
 4	
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Figure 3. (a) Main panel: magnetic susceptibility measured in ZFC (red circle) and FC (black 1	
circle) method. Inset: Temperature dependence of the magnetic susceptibility for Eu3Sn2P4 2	
measured in a magnetic field of 0.1 T. The red line represents the Curie-Weiss fit, which is 3	
discussed in the text. (b) Magnetization versus applied magnetic field measured at several 4	
temperatures. (c) Field dependence of magnetization measured in the temperatures below TN. 5	
The arrows emphasize metamagnetic-like transitions (d) The metamagnetic transition fields 6	
versus temperature. 7	

 8	

 9	
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Figure 4. Main panel: The temperature dependence of resistivity for Eu3Sn2P4 single crystal 1	
measured without applied magnetic field. The red solid line represent the fit discussed in the text. 2	
Inset:  The low-temperature range of electrical resistivity. 3	

 4	

 5	

 6	
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Figure 5. (a) Main panel: temperature dependence of specific heat measured without applied 1	
magnetic field. Inset: low temperature range of specific heat versus temperature measured at 0, 2	
1, 3 and 5 T. (b) low temperature specific heat over temperature (C/T) as a function of 3	
temperature and calculated entropy.  4	

 5	

 6	

 7	
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Figure 6. (a) Calculated total and partial DOS of Eu3Sn2P4 with spin polarization. The energy 1	
Fermi level is presented as a dashed blue line. (b) Band structure of Eu3Sn2P4 calculated with 2	
LSDA+U near the Fermi level. 3	

 4	
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Table 1. Single crystal crystallographic data and structure refinement for Eu3Sn2P4 1	

Formula Eu3Sn2P4 
F. W. (g/mol) 817.14 

Space group, Z Cmca (#64), 24 
a (Å) 24.882(3) 
b (Å)	 12.453(2) 
c (Å) 18.493(2) 

V (Å3) 5730(1) 
Absorption correction Numerical 
Extinction coefficient 0.0000157(9) 

Θ range (º) 1.637 - 35.128 

hkl ranges 
-40 ≤ h ≤ 40 
-19 ≤ k ≤ 20 
-29 ≤ l ≤ 29 

No. reflections, Rint 6427, 0.0725 
No. independent reflections 242 

No. parameters 132 
R1, wR2 (all I) 0.0354, 0.0494 

Goodness of fit 1.029 
Largest diff. peak and hole (e-/Ǻ3) -2.631,	2.081 
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Table 2. Atomic coordinates and isotropic displacement parameters of Eu3Sn2P4. Ueq is defined 1	
as one-third of the trace of the orthogonalized Uij tensor (Å2) 2	

 3	
Atom Wyckoff Occupancy x y z Ueq 
Eu1 4a 1 1/2 0 1/2 0.0092(1) 
Eu2 16g 1 0.4166(2) 0.2117(3) 0.3685(2) 0.0099(6) 
Eu3 8d 1 0.3247(2) 0 1/2 0.0106(8) 
Eu4 8f 1 1/2 0.0619(4) 0.7291(2) 0.0112(9) 
Eu5 16g 1 0.3314(2) 0.4521(3) 0.2411(2) 0.0102(6) 
Eu6 4b 1 1/2 1/2 1/2 0.0155(1) 
Eu7 16g 1 0.2445 (2) 0.2114(3) 0.3725(2) 0.0121(6) 
Sn1 16g 1 0.4177(2) 0.2085(3) 0.5648(2) 0.0087(8) 
Sn2 16g 1 0.3376(2) 0.4343(3) 0.4391(2) 0.0087(8) 
Sn3 16g 1 0.4146(2) 0.1506(3) 0.1790(2) 0.0088(8) 
P1 8f 1 1/2 0.2497 (2) 0.4863(1) 0.0096(4) 
P2 16g 1 0.3346(6) 0.2013(1) 0.2526(9) 0.0100(3) 
P3 16g 1 0.4131(7) 0.0254(1) 0.6160(8) 0.0099(3) 
P4 8f 1 1/2 0.1869(2) 0.2521(1) 0.0100(4) 
P5 16g 1 0.4232(6) 0.4574(1) 0.3639(9) 0.0107(3) 
P6 16g 1 0.2466(6) 0.0389(1) 0.6276(9) 0.0104(3) 
P7 16g 1 0.3335(6) 0.2442(1) 0.4899(9) 0.0099(3) 
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