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1. SnTe nanoparticle (NP) synthesis 

Large scale SnTe nanoparticles (NPs) were prepared by reacting sodium stannite (Na2SnO2) 

with sodium hydrogen telluride (NaHTe) in water following a procedure previously reported 

by Guang Han et al with slight modifications. [1] 

Firstly, NaBH4 (4.54 g, 120 mmol) was first dissolved in 200 ml deionized water, and then Te 

powder (5.104 g, 40 mmol) was quickly added into the solution. An Ar flow was introduced to 

prevent the air. The reaction rate between NaBH4 and Te is very slow and takes ~2 h to react 

entirely. The suspension was stirred until the solution becomes transparent light purple, 

indicating the formation of NaHTe. In parallel, NaOH (16 g, 400 mmol) and SnCl2·2H2O 

(9.826 g, 40 mmol) were mixed with 200 ml of deionized water. The mixture was stirred at 

room temperature under Ar flow until the solution became transparent, indicating the formation 

of Na2SnO2. When NaHTe solution is ready, the Na2SnO2 solution was heated to its boiling 

point at ca. ~101 oC with a condenser to assure reflux. Then the freshly prepared NaHTe 

solution was rapidly injected. Since NaHTe is sensitive to the air, two 100ml syringes are 

prepared to inject NaHTe. Upon injection, the solution color changed from transparent to black, 

indicating the SnTe NP formation. The mixture was heated again to 101 oC and maintained at 

this temperature for 30 min. Then the mixture was cooled to room temperature with cooling 

water. NPs precipitated quickly when the stirring stopped. The transparent supernatant solution 

was carefully removed. The remaining crude was transferred into centrifuge tubes for further 

purification. 

The SnTe NPs were washed four times with ethanol and acetone alternatively. At each step, 

SnTe NPs were dispersed by ethanol/ acetone first and then centrifuged at 8000 rpm for 5 min. 

At last, the washed NPs were dried under vacuum overnight at room temperature and kept in 

the glovebox for further use.  

2. PbS molecular ink preparation 

The PbS molecular ink preparation method applied in this work was developed by R. L. 

Brutchey et al.[2] The solubilities of Pb in en+EDT solvent (1:10) is ~20 %. Here, we dissolve 

100 mg PbO with 1.1 ml en+EDT solvent (1 ml en, 0.1 ml EDT) in N2-filled vial. The mixture 

was sonicated for 1 min to accelerate the dissolving processing until complete dissolution. All 

the PbS molecular ink were prepared fresh before blending with SnTe NPs in MFA. 

 

3. Lorenz number estimation  



An estimation of L can be made using a single parabolic band (SPB) model with acoustic 

phonon scattering. The calculations based on SPB model results in an L with a deviation of less 

than 10% as compared with a more rigorous single non-parabolic band and multiple band 

model calculations. It is well known that the L value is used to estimate the lattice thermal 

conductivity, which will not change the total thermal conductivity and final ZT values. The 

Lorenz number is given by the formula: 
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where kB is the Boltzmann constant and η represents the reduced Fermi energy, which can be 

derived from the measured Seebeck coefficients via the following equations: 
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where Fn(η) is the nth order Fermi integral: 

( )
n

n 0
 d

1
F

eχ η
χη χ

∞

−=
+                                                  (S3) 

f

B

E
k T

η =                                                                       (S4) 

 

4. Klemens-Drabble model 
At a temperature above the Debye temperature ΘD, the ratio of the lattice thermal conductivities 

including point defects and that of parent material can be expressed as the following 

equation:[3]  
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where κlat and κlat,p are the lattice thermal conductivities of the defected and parent materials, 

respectively. U is defined as: 
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where ΘD, Ω, h and va, represent the Debye temperature, average atom volume, Planck constant 

and average sound velocity, respectively. The data are taken from reference.[4] Г, the 

imperfection scaling parameter is a weighted sum of the mass fluctuation ГM and strain field 

fluctuation ГS and can be written as: M SεΓ = Γ + Γ , where ε is a phenomenological adjustable 

parameter related to the Poisson ratio (vp) and Grüneisen parameter (γ).  

Setting Pb alloying as an example. Г is defined as: 
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where ( ) ( ) Sn PbSn,Pb 1M x M xM= − + , Pb SnM M MΔ = − and ( ) ( ) Sn PbSn,Pb 1r x r xr= − + , Pb Snr r rΔ = −  

Then we get: 
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Back to the equation S5, we can obtain the theoretical predication κlat with Klemens-

Drabble model.  

Same calculations can be applied to SnTe1-xSx and (SnTe)1-x(PbS)x alloys.  



5. Figures 
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Figure S1. The lattice parameter as a function of PbS amount. Vegard’s law is listed for 
comparison. 

  



 

Figure S2. The SEM images of powders after annealing. 

 

 

  



 

Figure S3. EDX mapping of SnTe-1/2/3% PbS. 

  



 

Figure S4. The heat capacity Cp of SnTe as a function of temperature. This figure of Cp values 

is taken from previous work by Zhao et al.[5] Cp in some other references are listed for 

comparision.[6-9]  

  



 

Figure S5. The temperature dependent thermal diffusivity of SnTe-xPbO nanocomposites (x=0, 

1%, 2%, 3%). 

  



 

Figure S6. The temperature dependent Lorenz number of SnTe-xPbO nanocomposites (x=0, 

1%, 2%, 3%). 
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