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Abstract:

Ag8SnSe6 compounds are a group of promising thermoelectric materials. One main feature of this material as thermoelectric candidate

is the ultra-low thermal conductivity. One possible reason is the weak bonding of Ag ions and complex unit cell. Another explanation is

the liquid phonon behavior above the phase transition around 350 K. In our previous experiment,  we have studied the cubic structure

above the phase transition temperature, and found a quasi-liquid phonon behavior. In this proposal, we would like to study the structure

below and  around  the  phase  transition  temperature.  This  results  would  be  helpful  to  understand  the  relationship  between  the  thermal

conductivity,  structures  and  phase  transitions  in  the  Ag8SnSe6.
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Ultralow lattice thermal conductivity in Ag8SnSe6 thermoelectric 

material  
Qingyong Ren (2019.11.19) 

1. Background 

The demand for sustainable energies has motivated a great many of researches on different types of 

energy conversion technologies in the past decades. Thermoelectrics, which can directly convert heat 

into electricity, is considered to have potential application in energy harvesting. The efficiency of this 

energy conversion process is quantified by the thermoelectric figure of merit, zT = S2T/(κele + κlat), 

where , S, T, κele, and κlat are the electric conductivity, the Seebeck coefficient, the absolute temperature, 

and the electronic and lattice contributions to the thermal conductivity, respectively [1]. It is 

straightforward from this formula that the thermoelectric performance could be optimized by tailoring 

the electronic properties (electronic conductivity and Seebeck coefficient), and by suppressing the 

thermal conductivity, κ (=κele + κlat), as much as possible. , S, and κele strongly couple with each other, 

and this make it difficult to improve zT through tune these three parameters. Alternatively, suppressing 

κlat is an important and effective strategy [2, 3]. The lattice thermal conductivity can be described by 

𝜅lat = 1/3𝑐𝑣2𝜏 = 1/3𝑐𝑣𝑙,where 𝑐, 𝑣, 𝜏 and 𝑙 are heat capacity, phonon velocity, phonon mean free 

path and phonon relaxation time, respectively [4]. 𝜅lat can be lowered by suppressing any of these three 

parameters. 

 Recently, the argyrodite-type A(12-n)/m
m+Bn+X6

2- compounds (Am+ = Li+, Cu+, or Ag+, Bn+ = Ga3+, Si4+, 

Ge4+, Sn4+, P5+, or As5+, and X = S, Se, or Te) have received a great many of attentions as a group of 

promising thermoelectric materials with ultralow lattice thermal conductivities [5-11]. One possible 

reason for the ultralow lattice thermal conductivity in argyrodite-type materials is the large unit cell 

with complex structure and weak chemical bonds [10, 11]. One alternative explanation is that the 

argyrodite-type samples exhibits liquid-like superionic behavior [8, 9]. As a typical example, Ag8SnSe6 

exhibit a phase transition from the low-temperature β-Ag8SnSe6 (space group Pmn21) to the high-

temperature γ-Ag8SnSe6 (space group F-43m) [12, 13]. Above the transition temperature, the Ag+ 

cations distribute at three different atomic positions. The non-fully-occupied states of Ag+ allow it jump 

between different sites. This diffusive behavior of Ag+ in the SnSe6-sublattice would damp the 

transverse phonon vibration. To unveil the underlying mechanisms that engender an ultralow lattice 

thermal conductivity in Ag8SnSe6, we designed to take neutron single crystal diffraction measurements. 

2. Experimental details 

Ag8SnSe6 single crystal was grown by Bridgeman methods. The crystal structure was checked using 

x-ray powder diffraction. In addition, Laue backscattering measurement was used to align the single 

crystal.  Single crystal neutron diffraction experiments were carried out using the Hot Neutron 4-circle 

Diffractometer (D9) at the Institut Laue-Langevin. The sample was measured at four different 

temperature points, 90 K and 300 K (this experiment) and 400 K and 650 K (the previous experiment). 

The data was analyzed using Rietveld refinement method [14, 15] and maximum entropy method 

(MEM) [16, 17]. 

3. Results and analysis 

Fig. 1 shows the crystal structure and the neutron scattering-length densities determined by Rietveld 

and MEM analysis of neutron diffraction data at 300 K. The sample crystallize into a orthorhombic 

structure with Pmn21. According to the MEM analysis as shown in Fig. 1(b), Ag+ ions in the 

orthorhombic structure exhibit well defined atomic positions. 

Fig. 2 shows the crystal structure and the neutron scattering-length densities determined by Rietveld 

and MEM analysis of neutron diffraction data at 400 K. The sample crystallize into a cubic structure 
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with F-43m. The neutron scattering-length densities projected along the <111> directions are shown in 

Fig. 2(b). This contour image demonstrated a localized diffusion of Ag+ cations between the two 48h 

positions.  

For more information about the structures below and above the transition temperature, please see 

the Tables 1.  

 

 

Fig. 1 Isosurfaces of the neutron scattering-length densities determined by maximum entropy analysis 

of neutron diffraction data and corresponding projection along [011] at 300 K. Except the contribution 

from the Se (4a) atoms, all the other density shown in (b) comes from the Ag atoms. 

 

Fig. 2 Isosurfaces of the neutron scattering-length densities determined by maximum entropy analysis 

of neutron diffraction data and corresponding projection along [111] at 400 K. Except the contribution 

from the Se (4a) atoms, all the other density shown in (b) comes from the Ag atoms. 
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Table 1. Crystallographic data for Ag8SnSe6 

Temperature (K) 90 300 400 650 

Space group Pmn21 Pmn21 F-43m F-43m 

Unit cell a (Å) 7.9066 7.9088 11.1384 11.2019 

b (Å) 7.7792 7.8210   

c (Å) 10.9825 11.0516   

V (Å3) 675.5049 683.5926 1381.8740 1405.6431 

Z 2 2 4 4 

ρcalc (g cm-3) 7.156 7.071 7.001 6.884 

λ (Å) 0.837 0.837 0.837 0.837 

θmax (deg) 77.83 77.83 150 150 

Reflection collected 1323 1507 563 388 

Rint (%) 0.39 1.28 7.6 2.5 

Unique reflections 1307 1307 357 353 

Parameters refined 80 80 31 31 

R (%) 6.54 7.59 5.80 10.5 

Rw (%) 5.79 5.15 3.15 8.37 

Goodness of fit 12.2 6.07 1.94 1.45 
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