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Supplementary Note 1 

Separation of the diffusion component ( ) and phonon-drag component (𝑆ℎ
𝑑 ‒ 𝑆𝑒

𝑑

) from the measured Seebeck thermopower.𝑆ℎ
𝑝 ‒ 𝑆𝑒

𝑝

Due to the large overlap (350 meV) of the conduction and valence bands1, NbSb2 

can be viewed as a strong degenerate system, where the diffusion component of 

Seebeck thermopower of electrons and holes varies linearly with temperature2. 

Therefore, the phonon-drag component ( ) can be obtained by subtracting the 𝑆ℎ
𝑝 ‒ 𝑆𝑒

𝑝

linear extrapolation of diffusion component ( ) from the total Seebeck 𝑆ℎ
𝑑 ‒ 𝑆𝑒

𝑑

thermopower difference 3. As shown in Figure 4f, for single-crystalline and (𝑆 ℎ
𝑥𝑥 ‒ 𝑆 𝑒

𝑥𝑥)

polycrystalline NbSb2, ( ) dominates above 80 K, and ( ) dominates over the 𝑆ℎ
𝑑 ‒ 𝑆𝑒

𝑑 𝑆ℎ
𝑝 ‒ 𝑆𝑒

𝑝

( ) below 80 K.𝑆ℎ
𝑑 ‒ 𝑆𝑒

𝑑

Supplementary Note 2 

Derivation process of Nernst figure-of-merit zN
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Figure S1 shows the schematics of a rectangular Ettingshausen refrigerator, with 

the dimensions along the temperature difference direction, the current direction, and the 

applied magnetic field direction as Lx, Ly, and Lz, respectively. The temperature gradient 

in the x-direction is . The electric field strength in the y-direction is . In unit time, ∇𝑥𝑇 𝜖𝑦

the amount of heat extracted by the Ettinghausen effect is , where Syx is 𝑆𝑦𝑥𝑇𝑙𝜖𝑦𝜎𝑦𝑦𝐿𝑦𝐿𝑧

the Nernst thermopower, Tl is the temperature of the cold end, and σyy is the electrical 

conductivity along the y-axis. The Joule heat flowing into the cold end is  
1
2

𝜖2𝑦𝜎𝑦𝑦𝐿𝑥𝐿𝑦𝐿𝑧

and the heat of conduction from the hot end to the cold end is , where κxx is 𝜅𝑥𝑥∇𝑥𝑇𝐿𝑦𝐿𝑧

the thermal conductivity along the x-axis. The refrigeration capacity of the cold end per 

unit of time Qin is

 1 (S1)
𝑄𝑖𝑛 = [𝑆𝑦𝑥𝑇𝑙𝜖𝑦𝜎𝑦𝑦 ‒

1
2

𝜖2𝑦𝜎𝑦𝑦𝐿𝑥 ‒ 𝜅𝑥𝑥∇𝑥𝑇]𝐿𝑦𝐿𝑧

The input power P of the Ettingshausen refrigerator is

 (S2)𝑃 = (𝜖2𝑦𝜎𝑦𝑦 + 𝑆𝑦𝑥∇𝑥𝑇𝜖𝑦𝜎𝑦𝑦)𝐿𝑥𝐿𝑦𝐿𝑧

The COP of the Ettingshausen refrigerator is

 (S3)
𝐶𝑂𝑃 =

𝑄𝑖𝑛

𝑃
=

𝑆𝑦𝑥𝑇𝑙𝜖𝑦𝜎𝑦𝑦 ‒
1
2

𝜖2𝑦𝜎𝑦𝑦𝐿𝑥 ‒ 𝜅𝑥𝑥∇𝑥𝑇

(𝜖2𝑦𝜎𝑦𝑦 + 𝑆𝑦𝑥∇𝑥𝑇𝜖𝑦𝜎𝑦𝑦)𝐿𝑥

According to dCOP/d = 0, the optimum electric field strength is𝜖𝑦

 (S4)
𝜖𝑦,𝐶𝑂𝑃 = 𝑆𝑦𝑥∇𝑥𝑇

1
1 + 𝑧𝑁�̅� ‒ 1

In this case, the maximum COP can be obtained as

 (S5)
𝐶𝑂𝑃𝑚𝑎𝑥 =

𝑇𝑙

𝑇ℎ ‒ 𝑇𝑙

1 + 𝑧𝑁�̅� ‒
𝑇ℎ

𝑇𝑙

1 + 𝑧𝑁�̅� + 1

where  is  and  is the average temperature of hot end and cold end . 𝑧𝑁

𝑆 2
𝑦𝑥𝜎𝑦𝑦

𝜅𝑥𝑥 �̅�
1
2
(𝑇ℎ + 𝑇𝑙)

Thus, the  is a parameter that independent on the material’s geometric factors. 𝑧𝑁
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Figure S1 Schematics of a rectangular Ettingshausen refrigerator.
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Figure S2 Magnetic field dependences of Nernst thermopower Syx of polycrystalline 

NbSb2 at different temperatures. The data of single-crystalline NbSb2 are included for 

comparison1. 



4

10 100

100

101

102
 x

x (
10

-8
 

 m
)

T (K)

 0 T
 1 T
 3 T
 5 T
 9 T

Poly. NbSb2

       B  I

10 100
-15

-10

-5

0

 y
x (

10
-8

 
 m

)

T (K)

 1 T
 3 T
 5 T
 9 T

Poly. NbSb2

(a) (b)

Figure S3 Temperature dependence of (a) electrical resistivity ρxx and (b) Hall 

resistivity ρyx for polycrystalline NbSb2 under different magnetic fields.
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Figure S4 Magnetic field dependence of Nernst power factor (PF)N for polycrystalline 

NbSb2 at different temperatures.
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Figure S5 Temperature dependences of (PF)N typical polycrystalline thermomagnetic 

materials under different magnetic fields. The data are taken from References 1, 4-16. 

The hollow symbols are for polycrystals, while the solid symbols are for single crystals.
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Figure S6 Fitting of the (a) electrical resistivity ρxx(B) and (b) Hall resistivity ρyx(B) for 

polycrystalline NbSb2 under different temperatures. The symbols are experimental data 

and the lines are the fitting curves.
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Figure S7 Schematic diagram of the angle dependence of electrical resistivity ρ 

measurement for (a) single-crystalline NbSb2 and (b) polycrystalline NbSb2. F 

represent the direction of the sintering pressure of polycrystalline NbSb2.
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Figure S8 Temperature dependence of the carrier thermal conductivity κc for 

polycrystalline NbSb2 at different magnetic fields obtained from the empirical equation.
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Figure S9 Magnetic field dependence of Nernst figure-of-merit zN for polycrystalline 

NbSb2 at different temperatures.
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Figure S10 Temperature dependences of Nernst figure-of-merit zN of typical 

polycrystalline thermomagnetic materials under different magnetic fields. The data are 

taken from References 1, 5-16. The hollow symbols are for polycrystals, while the solid 

symbols are for single crystals.
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Table S1 Parameters used to fit the measured thermal conductivity of polycrystalline 
NbSb2. 

T (K) κl (W m-1 K-

1)
κc (0,T) (W m-1 K-

1)
η1/s (T -

1) s

5 1.18 13.30 2.83 1.75

15 15.15 24.81 1.75 1.45

25 47.59 20.81 0.74 1.51

50 57.12 11.19 0.25 1.66

100 29.31 8.13 0.058 1.55

150 20.08 8.52 0.042 1.72

200 15.95 9.13 0.033 1.85

250 14.22 9.42 0.030 1.91

300 13.72 9.61 0.025 1.89
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