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Crystal structure and electrical/thermal transport properties of 
Li1-xSn2+xP2 and its performance as a Li-ion battery anode 
material† 

Yosuke Goto,*a Shota Nakanishi,b Yusuke Nakai,b Takeshi Mito,b Akira Miura,c Chikako Moriyoshi,d 
Yoshihiro Kuroiwa,d Hidetomo Usui,e Tatsuma D. Matsuda,a Yuji Aoki,a Yoshifumi Nakacho,f Yuto 
Yamada,g Kiyoshi Kanamura,g Yoshikazu Mizuguchia 

A new ternary layered pnictide, Li1-xSn2+xP2, was synthesized by a solid-state reaction and its properties were examined to 

explore its potential as a multifunctional material. The compound crystallizes in a layered structure in the R3̅m space group 

(No. 166) with buckled honeycomb Sn−P layers separated by mixed-occupation Li/Sn layers. Crystal structure analysis using 

synchrotron X-ray diffraction showed that the substitution degree of Li by Sn (x) is 0.38. Local ordering of Li/Sn occupation 

was demonstrated using 31P nuclear magnetic resonance analysis. The thermal and electrical transport properties are 

significantly affected by this local ordering. The lattice thermal conductivity of Li1-xSn2+xP2 was found to be relatively low (1.2 

W·m−1K−1 at 525 K). The room-temperature electrical resistivity of Li1-xSn2+xP2 was found to be 0.3−0.4 m·cm and metallic 

conductivity was observed down to 0.5 K. First-principles calculations demonstrated that the electronic structure and Fermi 

energy of Li1-xSn2+xP2 are significantly dependent upon x. Moreover, the electronic structure of Li1-xSn2+xP2 is different from 

that of the related compound NaSn2As2, which shows a superconducting transition. Electrochemical measurements using a 

single-particle technique demonstrated the activity of Li1-xSn2+xP2 as an anode material for rechargeable Li-ion batteries.

1. Introduction 

Solid-state chemistry is often advanced by the discovery of 

intriguing new functional materials. Here, materials with 

layered structures that show various functionalities are 

particularly interesting. A typical example is AxCoO2 (A = Li or 

Na). Efficient thermoelectric materials that convert directly 

between thermal and electrical energy,1-5 can be achieved when 

A = Na because of its peculiar band shape near the Fermi level.6,7 

Interestingly, NaxCoO2 becomes a superconductor through 

hydration and Na vacancy.8 Conversely, when A = Li (LiCoO2), 

high-performance cathode material for Li-ion batteries, which 

are key components of the portable electronics, power tools, 

and hybrid/full electric vehicles, can be derived.9-12 Such 

flexibility of characteristics is one of the main merits of layered 

materials that allow manipulation of their elemental 

compositions, electronic structures, and/or crystal structures. 

Thus, the development of novel layered multifunctional 

materials may help realize a sustainable society. 

Layered tin pnictides have been investigated for a range of 

functionalities.13-36 Because of the relatively weak van der 

Waals bonding between conducting layers (Figure 1), the 

production of nanometer-scale thickness sheets by exfoliation 

has been demonstrated for NaSn2As2 and EuSn2As2 single 

crystals,13,14 providing a new platform for the study of two-

dimensional materials.  

Low thermal conductivity is an indispensable feature of 

efficient thermoelectric materials, because the efficiency of a 

thermoelectric module is governed by the dimensionless figure 
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Fig. 1 Crystallographic structure of Li1-xSn2+xP2, showing that Li and Sn atoms exhibit 

mixed occupation at 3a site. 
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of merit ZT = S2T/, where T is the absolute temperature, S is 

the Seebeck coefficient,  is the electrical resistivity, and  is the 

thermal conductivity. Low lattice thermal conductivity has been 

demonstrated for Li1-xSn2+xAs2 owing to its mixed-cation 

occupation with local ordering.15 Furthermore, a recent study 

demonstrated axis-dependent carrier polarity (or goniopolarity) 

in NaSn2As2, indicating its potential for the construction of 

thermoelectric modules based on its transverse thermoelectric 

effect.16 It has also been demonstrated that NaSn2As2 and Na1-

xSn2P2 show superconducting transitions, meaning that these 

compounds can also be categorized as novel layered 

superconductors.17-21  

As well as these ternary-phase materials, the binary tin 

phosphide Sn4P3 has been investigated as a rechargeable 

battery anode material.22-31 For example, the high reversible 

capacity of 850 mA·h·g−1 has been achieved for a Na-ion battery 

with a Sn4P3/C composite anode.31 

In the present study, we report the synthesis, crystal 

structure, and physical properties of layered Li1-xSn2+xP2. A 

polycrystalline sample was prepared by solid-state reaction. 

Crystal structure analysis was performed using synchrotron X-

ray diffraction (SXRD), revealing mixed Li/Sn occupation, while 
31P nuclear magnetic resonance (NMR) analysis indicated local 

ordering in the mixed Li/Sn occupation, significantly affecting 

thermal and electrical transport properties, as demonstrated by 

low lattice thermal conductivity and the absence of 

superconductivity. We also demonstrate the activity of Li1-

xSn2+xP2 as an anode material for Li-ion batteries using a single-

particle electrochemical measurement technique. 

2. Methods 

Synthesis 

Polycrystalline Li1-xSn2+xP2 was prepared by the solid-state 

reaction using LiP, Sn4P3, and Sn (Kojundo Chemical, 99.99%) as 

starting materials. All synthesis procedures were conducted 

using an Ar-filled glovebox (O2, H2O < 1 ppm). LiP was obtained 

by the reaction of Li (Kojundo Chemical, 99%) and P (Kojundo 

Chemical, 99.9999%) at 300−350 °C for 5 h in a sealed quartz 

tube. Sn4P3 was synthesized by a two-step solid-state reaction. 

A stoichiometric mixture of Sn and P was pelletized and heated 

at 450 °C for 16 h in a sealed quartz tube. The obtained products 

were powdered, pelletized, and again heated at 450 °C for 16 h 

in a sealed quartz tube, followed by quenching in iced water.  

To prepare Li1-xSn2+xP2, the starting materials LiP, Sn4P3, and 

Sn were mixed at a molar Li:Sn:P ratio of 1.3:2:2 and heated at 

400 °C for 20 h in a sealed quartz tube. The obtained product 

was densified using hot pressing at 400 °C and 50 MPa. The 

relative densities of the samples were all higher than 90%. The 

obtained samples were found to air stable, enduring at least 10 

days of exposure to air without visible signs of 

oxidation/hydrolysis, as shown in Figure S1 in ESI. 
 

Powder X-ray diffraction 

SXRD measurements were performed at the BL02B2 beamline 

of SPring-8 under proposal No. 2019A1101. The diffraction data 

were collected using a high-resolution one-dimensional 

semiconductor detector (MYTHEN).37 The wavelength of the 

radiation beam was determined to be 0.495813(1) Å using a 

CeO2 standard. The crystal structure parameters were refined 

using the Rietveld method using RIETAN-FP.38 The crystal 

structure was visualized using VESTA.39 Sample morphology and 

chemical composition were determined using scanning electron 

microscopy (SEM; Hitachi TM3030) coupled with energy-

dispersive X-ray spectrometry (EDX; Oxford SwiftED3000) 
 

Nuclear magnetic resonance 

31P NMR analysis of a polycrystalline Li1-xSn2+xP2 sample was 

performed with a phase-coherent pulsed spectrometer 

(Thamway Co., Ltd.) in an 8.95 T superconducting magnet. The 

static 31P NMR spectrum was obtained by frequency-sweep 

with a spin-echo pulse sequence at 295 K. Because the nuclear 

spin-spin relaxation times (T2) of the two peaks were nearly 

identical, no T2 correction of the NMR spectrum was performed. 

The 31P NMR shifts were determined with reference to aqueous 

H3PO4. 
 

Transport properties 

Low-temperature electrical resistivity (ρ) was measured using 

the four-probe method with a physical property measurement 

system (PPMS; Quantum Design) equipped with a 3He-probe 

system. ρ and the Seebeck coefficient (S) above room 

temperature were measured using the four-probe method and 

quasi-steady-state method in a He atmosphere (Advance Riko 

ZEM-3). The thermal conductivity (κ) was obtained using the 

relationship κ = DCpd, where D, Cp, and d are the thermal 

diffusivity, specific heat, and sample density, respectively. The 

thermal diffusivity was measured by a laser flash method 

(TC1200-RH, Advance Riko). Cp was estimated by the Dulong–

Petit model, Cp = 3nR, where n is the number of atoms per 

formula unit and R is the gas constant. d was calculated from 

measured dimensions and weight. 

 

Electronic structure calculation 

First-principles calculations were performed using the WIEN2k 

package40,41. Electronic structure and density of states were 

calculated within the generalized gradient approximation 

proposed by Perdew, Burke, and Ernzerhof.42 We adopted the 

experimentally determined crystallographic parameters for Li1-

xSn2+xP2. To understand the effect of the partial substitution of 

Li by Sn at the 3a position on the electronic band structure, we 

used crystal structures in which Li located at the 3a position was 

partially replaced by Sn and fixing the lattice constants and the 

internal coordinates, as shown in Figure S1 in the Supporting 

Information. We set a 21 × 21 × 21 k-mesh and RKmax = 7 for the 

calculations of the density of states and Fermi surface. We also 

calculated the band structure of Li1-xSn2+xP2 within the virtual 

crystal approximation using the Vienna Ab initio Simulation 

Package43,44.
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Table 1 Crystal structure parameters and reliability factors of Li1−xSn2+xP2 obtained from Rietveld refinement.a 

Lattice system Trigonal 

Space group R3̅m (No. 166) 

Lattice parameters a = 3.90643(5) Å 

c = 25.3143(4) Å 

 = 120 

Atom Site Symmetry g x y z U (Å2) 

Li 3a −3m 0.6248(15) 0 0 0 0.0173(6) 

Sn 3a −3m 0.3752 0 0 0 0.0173 

Sn 6c 3m 1 0 0 0.21389(3) 0.01063(14) 

P 6c 3m 1 0 0 0.39945(8) 0.0048(5) 

Rwp 8.157% 

Re 1.368% 

GOF 5.9618 

aValues in parentheses are standard deviations in the last digits. 

Electrochemical properties 

Electrochemical properties were examined using single-particle 

technique.45-49 Li1-xSn2+xP2 powder was spread on a filter paper 

in an electrochemical cell. A copper-coated gold-tipped micro 

electrode (diameter: 10 μm) was interlocked with a manipulator 

(MicroSupport Quick Pro). Using an optical microscope 

(Keyence Corporation), the copper-coated gold tip was 

connected to a single Li1-xSn2+xP2 particle. Lithium foil was used 

as the counter electrode and the electrolyte was 1 M LiClO4 in a 

mixture of ethylene carbonate (EC) and propylene carbonate 

(PC) (1:1, v/v). Electrochemical evaluation was performed with 

a two-electrode system. Charge and discharge tests were 

carried out with a galvanostat (SP-200, Bio-Logic Science 

Instruments Ltd) between 0.005 and 2 V (vs. Li/Li+). All 

measurements were performed at room temperature (303 K) in 

an Ar-filled glovebox. Measurement of two cycles was 

performed with charging-discharging currents of 5 nA. 

The electrochemical parameters of Li1-xSn2+xP2 were 

calculated from quasi-Tafel plots for a single particle. Quasi-

Tafel plots were performed as follows: 

1. Adjusting depth of discharge (DOD) by charge–discharge 

2. After resting, applying the current to the particle for 5 s 

3. Recording the current value and overpotential after 5 s 

4. Repeating process 2 and 3 at various positive and negative 

current values 

5. Plotting the relationship between current density and 

overpotential 

Current densities were calculated from each current value and 

the surface area of the particle by assuming a truly spherical 

particle. In this experiment, the current values were 0.5, 0.7, 1, 

2, 3, 4, 5, 7, 10, 15, and 20 nA. These were applied to both 

positive and negative values. This measurement was carried out 

for DOD 0, 25 and 75 %. 

 

 

 

RESULTS AND DISCUSSION 

Crystal structure analysis 

Figure 2 shows the SXRD pattern of the obtained sample. All the 

diffraction peaks can be assigned to the trigonal R 3̅m space 

group. The lattice parameters are calculated as a = 3.90643(5) 

Å and c = 25.3143(4) Å. These are distinctly smaller than those 

of isostructural Li1-xSn2+xAs2, where a ~ 4.012(1) Å and c ~ 

25.605(8) Å for x = 0.33,15 most likely due to the lower covalent 

radius of P (1.10 Å) than that of As (1.19 Å).50 

The detailed crystal structure parameters are listed in Table 

1. Determination of occupancy parameters was conducted as 

follows: The crystal structure of Li1-xSn2+xP2 includes three 

distinct crystallographic sites: Li, 3a; Sn, 6c; and As, 6c. First, the 

crystal structure was refined without mixed-cation occupation, 

resulting in a reliability factor (Rwp) of 27.74%. Then, Li/Sn mixed 

occupation on the 3a site was allowed with two constraints: 
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Fig. 2 SXRD pattern ( = 0.495813(1) Å) and the results of Rietveld 

refinement for Li1-xSn2+xP2. The red circles and solid curve represent the 

observed and calculated patterns, respectively, and the difference between 

the two is shown in blue. Vertical marks indicate the calculated Bragg 

diffraction positions for Li-xSn2+xP2. The inset shows an SEM image of Li1-

xSn2+xP2 powder. 
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atomic displacement parameters were set equal for Li and Sn in 

the same position, and the total occupancy was fixed at 100%. 

The refinement indicated partial occupancies of 62% Li and 38% 

Sn at the 3a position, and Rwp was evaluated to be 8.16%. Thus, 

Rietveld fitting results yielded a chemical composition of 

Li0.62Sn2.38P2. Unit cell density was calculated to be 5.186 g·cm-3. 

In our preliminary experiments, we prepared samples using 

several different sets of conditions, including different 

temperatures and nominal stoichiometries of the starting 

materials. The lattice parameters of the products obtained 

varied from sample to sample, suggesting differing 

compositions for these products, as in Li1-xSn2+xAs2.15 However, 

most of these samples contain secondary phases, such as Sn4P3 

and Sn. Accordingly, they were eliminated from further 

consideration in the present study. 

EDX analysis showed that the Sn:P composition of Li1-xSn2+xP2 

is 51.7(1):48.3(1), which is in reasonable agreement with that 

suggested by SXRD analysis. An SEM image of Li1-xSn2+xP2 

powder is shown in the inset of Figure 2. The sample has 

indefinite particle shape and particles sizes ranging from 

micrometers to several-tens-of-micrometers in size. 

 
31P NMR 

The 31P NMR spectrum of Li1-xSn2+xP2 is shown in Figure 3(a). 

Because P atoms occupy a single crystallographic site as 

schematically shown in Figure 1, a single peak is expected in the 

NMR spectrum assuming that the magnetic anisotropy is not 

strong. However, observed spectrum shows two distinct peaks, 

suggesting the presence of at least two different P 

environments in the sample. In fact, the spectrum can be fitted 

well with a broader Gaussian peak at 400ppm (dashed line) and 

a narrower Gaussian peak at 200ppm (dotted line), where the 

area ratio of the two lines is 82:18.  

If we assume that Sn atoms substitute into the Li (3a) sites 

randomly and with equal probability x, each P site may have N 

= 0 to 3 nearest neighboring Sn (3a) sites with a probability of 

p(N; x) = 3CNxN(1−x)3−N. Using x = 0.38 at the 3a site as 

determined by our SXRD measurements on a same-batch 

sample, we estimate the probability ratio p(N = 0; x) : [ p(N = 1 ; 

x) + p(N = 2; x) + p(N = 3; x)] = 24:76, which is in reasonable 

agreement with the observed 31P NMR intensity ratio (18:82). 

Thus, we assign the narrower peak (dotted line) as the P nucleus 

surrounded by 3Sn (6c) + 3Li (3a) (Fig. 3(b)) and the broader 

peak (dashed line) as the 31P nucleus surrounded by 3Sn (6c) + 

(3−N) Li/N Sn (3a) (Fig. 3(c)−(e)). The broadening of the NMR 

lineshape at 400ppm likely arises from subtle changes in the 

local environment around 31P nucleus due to the substitution at 

the 3a site. 

Since local coordination of P with Li/Sn substitution at the 3a 

site results in a similar local structure to that of Sn4P3, the large 
31P NMR shift of Sn4P3 (~1000 ppm) supports our peak 

assignment that the larger chemical shift for the P site in which 

at least one of the nearest neighboring Li (3a) sites is substituted 

with Sn.24 

In addition to the major contribution due to the random Li/Sn 

mixture occupancy, it should be noted that the slight deviation 

between the observed and calculated area ratios may be 

related to the presence of local ordering, as observed in the Li1-

xSn2+xAs2 system.15 

 

Transport properties 

Figure 4(a) shows the temperature dependence of electrical 

resistivity for Li1-xSn2+xP2. The room-temperature resistivity is 

around 0.3−0.4 m·cm, and it decreases with decreasing 

temperature. No superconducting transition is observed down 

to 0.5 K, unlike for Na1-xSn2P2 and NaSn2As2.17-21 The residual 

(a)

(b) (c) (d) (e)

Fig. 3 (a) 31P NMR spectrum of Li1-xSn2+xP2 recorded at 295 K. The 

yellow dotted and green dashed lines represent the two Gaussian 

functions, and the blue solid line represents their sum. Inset: Local 

environment around the P atoms with mixed Li/Sn occupation at the 

3a site. (b)-(e) The local structure around the P atoms with different 

Sn occupancies at the 3a site. 
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Fig. 4 (a) Temperature dependence of electrical resistivity () for Li1-

xSn2+xP2. Above 300 K, measurement results recorded parallel (P//) and 

perpendicular (P⊥) to the uniaxial hot press direction are shown. (b) 

Temperature dependence of the Seebeck coefficient (S) for Li1-xSn2+xP2. 
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Fig. 5 (a) Temperature dependence of the total, lattice, and electronic 

thermal conductivities for Li1-xSn2+xP2. (b) Lattice thermal conductivity of Li1-

xSn2+xP2 in comparison with those of NaSn2As2 and NaSnAs.33 
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resistivity ratio (300 K)/(0.5 K) is estimated to be 1.3, which is 

comparable to those of related materials.13-15,17,18,20,21,35  

Due to the layered structure of Li1-xSn2+xP2, we investigated 

its anisotropy in resistivity with respect to uniaxial hot pressing 

direction above room temperature. As shown in Figure 4(a), the 

anisotropy in the present samples is not significant. The 

absolute value of the Seebeck coefficient is less than 10 mV·K−1, 

as shown in Figure 4(b). The positive sign of the Seebeck 

coefficient indicates that holes are the dominant carrier in the 

temperature region examined. 

Figure 5(a) shows the temperature dependence of thermal 

conductivity for Li1-xSn2+xP2. The thermal conductivity is 3.5−4.2 

Wm−1·K−1 over the measured temperature range. Thermal 

conductivity is primarily determined by lattice and electrical 

contributions. The electrical thermal conductivity can be 

evaluated using the Wiedemann−Franz relationship, el = L−1T, 

where L is the Lorentz number. Here, we used a degeneracy 

limit of L = 2.44  10−8 V2·K−2 to evaluate el. 

The lattice thermal conductivity was obtained by subtracting 

the electronic component from the total thermal conductivity. 

Figure 5(b) shows the calculated lattice thermal conductivity 

compared with those of the related materials NaSn2As2 and 

NaSnAs.33 Lin et al. reported that lattice thermal conductivity of 

NaSnAs is lower than that of NaSn2As2 because of the double 

lone-pair electrons.33 Although NaSn2As2 and Li1-xSn2+xP2 are 

isostructural compounds, the lattice thermal conductivity of Li1-

xSn2+xP2 sample is lower than that of NaSn2As2 and is 

comparable to that of NaSnAs. This low lattice thermal 

conductivity is most likely because of local ordering in the mixed 

Li/Sn occupation for Li1-xSn2+xP2, as demonstrated using 31P NMR 

(Figure 3). 

It should be noted that the lattice thermal conductivity of Li1-

xSn2+xAs2 varies from sample to sample, probably due to sample 

dependence and/or uncertainties in the thermal conductivity 

measurements for very small single crystals.15 

 

Electronic structure 

Figure 6 shows the band structure and the Fermi surface of 

Li1-xSn2+xP2 at x = 0, 1/3, 2/3, and 1. At x = 0, the band structure 

and the Fermi surface are quite similar to those of NaSn2As2,19 

meaning that Li1-xSn2+xP2 with x = 0 could potentially exhibit 

superconductivity from the viewpoint of the band structure. 

However, the Fermi surface at x = 1/3 is totally different from 

that at x = 0, and the electron Fermi surface centered at the M 

point appears at x = 2/3 and 1. This is because the partial 

substitution of Li by Sn not only changes the shape of the band 

structure but also increases the number of electrons. The 

density of states for Li1-xSn2+xP2 is shown in Figure 7 and 

indicates that the Fermi energy shifts toward the energy located 

at the local minimum of the density of states when x increases. 

It should be noted that a similar trend in the Fermi energy 

shift is seen within the virtual crystal approximation (as shown 

in Figure S3 in the Supporting Information). We thus conclude 

that one of the reasons that Li1-xSn2+xP2 does not exhibit 

superconductivity is the changes in the density of states and 

Fermi surface upon the partial substitution of Li by Sn. 

 

Electrochemical properties 

Figure 8 shows the typical charge–discharge profiles of a 

single-particle Li1-xSn2+xP2 sample with a diameter of ca. 25 μm. 

Initial charge and discharge capacities were estimated to be ca. 

Fig. 6 Band structures of Li1-xSn2+xP2 for (a) x = 0, (b) x = 1/3, (c) x = 2/3, and 

(d) x = 1. The inset shows the Fermi surface. For calculations of x = 0 and 1, 

we used a primitive rhombohedral cell. For x = 1/3 and 2/3, we used a 

conventional hexagonal cell with (LiSn2P2)3 as the base model. Schematic 

representation of the crystal structures used for the calculations is shown 

in Figure S2. 

Fig. 7 Density of states for Li1-xSn2+xP2 for (a) x = 0, (b) x = 1/3, (c) x = 2/3, 

and (d) x = 1. 
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18 and 16 nA·h, corresponding to an initial Coulombic efficiency 

of 88.9% at a current rate of ~ 0.3 C.  

Irreversible capacity loss is observed in the first charge–

discharge cycle; however, the Coulombic efficiency reaches 94% 

in the second charge–discharge cycle. Regrettably, the 

measurement probe was disconnected after the second 

charge–discharge cycle, probably because of the large volume 

change upon phase transition. Although the particle shape of 

Li1-xSn2+xP2 is indefinite (as shown in the inset of Figure 2), we 

assumed a spherical particle shape with diameter of 25 μm. 

Accordingly, the capacity of this powder was calculated at 377 

mA·h·g−1 using a unit cell density of 5.186 g·cm−3. 

Figure 9 shows a quasi-Tafel plot for a single Li1-xSn2+xP2 

particle at DOD 0%. In the small overpotential region, the 

kinetics of the electrochemical reaction are limited by the 

charge-transfer process. In this case, the plots obey the Tafel 

equation. In the charge region, the Tafel equation is  

log 𝑖 = log 𝑖0 +  
𝛼𝐹

2.303𝑅𝑇
𝜂 

while in the discharge region, it is 

log 𝑖 = log 𝑖0 +  
(1− 𝛼)𝐹

2.303𝑅𝑇
(−𝜂) 

where i is current density (mA·cm−2), i0 is the exchange current 

density (mA·cm−2), α is the transfer coefficient, F is the faraday 

constant, R is the gas constant, T is temperature (K), and η is the 

overpotential (V). i0 and α values satisfying these equations 

could be calculated from the quasi-Tafel plots shown Figure 9. 

Furthermore, the charge-transfer resistance (Rct , ·cm2) can 

be obtained from the relationship 

𝑅ct =  
𝑅𝑇

𝐹𝑖0
 

In the large overpotential region, the plots deviate from the 

Tafel equation. This indicates that the kinetics of the 

electrochemical reaction are limited by Li+ diffusion in the Li1-

xSn2+xP2 particle. Therefore, the diffusion coefficient D (cm2
·s−1) 

in the charge and discharge process can be estimated from 

𝑙 =  √6𝐷𝑡 

Table 2 Kinetic parameters (exchange current density i0, charge-transfer resistance Rct, 

charge and discharge diffusion coefficient Dcharge and Ddischarge, transfer coefficient  of 

the anodic reaction) of Li1−xSn2+xP2 obtained at different DOD. 

 

where l is the particle radius (cm) and t is the charge or 

discharge time at the current when deviation from the Tafel 

equation is first observed (s). 

Each electrochemical parameter at DOD = 0%, 25%, and 75% 

are summarized in Table 2. The electrochemical parameters 

obtained for Li1-xSn2+xP2 are comparable to those of graphite, 

which is most commonly used as a negative electrode material 

for Li-ion batteries. Therefore, Li1-xSn2+xP2 exhibits sufficient 

performance for application as a negative electrode material for 

Li-ion batteries.47,51 However, it is fair to note that replacing 

Sn4P3 by Li1-xSn2+xP2 may not be straightforward because 

synthesis of Li1-xSn2+xP2 requires Sn4P3 as the precursor. 

Conclusions 

We presented the synthesis and characterization of Li1-xSn2+xP2. 

Its crystal structure is characterized by alternate stacking of 

Sn−P bilayers and mixed-occupancy Li/Sn layers. 31P NMR 

spectral analysis revealed peak splitting, most likely due to local 

ordering of the Li/Sn mixed occupation. The thermal and 

electrical transport properties are significantly affected by this 

local ordering. The relatively low lattice thermal conductivity of 

1.2 W·mK−1 is achieved at 525 K. Metallic conductivity with no 

superconducting transition was observed down to 0.5 K. 

Furthermore, an Li1-xSn2+xP2 particle showed suitable activity for 

application as a Li-ion battery anode material. The present study 

demonstrates that the physical properties of Li1-xSn2+xP2 are 

altered by Li/Sn mixed occupation and local ordering. 

DOD % 0 25 75 

i0 (mAcm−2) 0.556 0.290 0.0836 

Rct (cm2) 46.2 88.6 310.8 

Dcharge (cm2s−1) 1.41  10−10 3.83  10−11 2.31  10−11 

Ddischarge (cm2s−1) 7.76  10−11 4.35  10−11 1.75  10−11 

 0.69 0.65 0.57 
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Fig. 8 Charge and discharge profiles for a single Li1-xSn2+xP2 particle 

with a diameter of approximately 25 μm. 
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Fig. 9 Quasi-Tafel plot for a single Li1-xSn2+xP2 particle at DOD 0%. 
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