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Table S1. Optimized lattice parameters of Mo16Se32 and Mo15MSe32 (M = V, Nb and Ta) 

based on the DFT.

Relative variation ratio
Compounds a, b (Å) c (Å)

a, b (%) c (%)

Mo16Se32 3.29088 12.97660 / /

Mo15VSe32 3.29600 12.90482 0.16 –0.55

Mo15NbSe32 3.30419 12.90731 0.40 –0.53
Calculations

Mo15TaSe32 3.30436 12.91242 0.41 –0.49

Table S2. Room temperature physical parameters of Mo1–xVxSe2 (0 < x  0.09).

Sample
p

(1020 cm-3)

μ

(cm2V-1s-1)

σ

(104 Sm-1)

S

(μVK-1)

PF

(mWm-1K-2)
m*/m0

L

(Wm-1K-1)

x = 0.01 0.25 5.1 0.20 316 0.20 1.34 11.6

x = 0.03 2.3 3.4 1.24 101 0.13 1.88 10.0

x = 0.05 4.8 3.6 2.80 71 0.14 2.17 9.3

x = 0.07 5.6 3.0 2.71 67 0.12 2.24 8.9

x = 0.09 7.2 3.1 3.60 57 0.12 2.28 8.8

Table S3. Room temperature physical parameters of Mo1–xNbxSe2 (0 < x  0.09).

Sample
p

(1020 cm-3)

μ

(cm2V-1s-1)

σ

(104 Sm-1)

S

(μVK-1)

PF

(mWm-1K-2)
m*/m0

L

(Wm-1K-1)

x = 0.01 0.56 4.3 0.38 202 0.16 1.47 10.0

x = 0.03 3.6 3.9 2.24 91.5 0.19 2.29 9.6

x = 0.05 6.5 4.2 4.37 70.8 0.22 2.48 10.0

x = 0.07 9.1 4.0 5.80 56.9 0.19 2.65 8.4

x = 0.09 12.0 3.7 7.05 48.6 0.17 2.73 7.5
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Fig. S1 The first Brillouin zone of MoQ2 with high symmetry paths indicated.

Fig. S2 Band structure of (a) Mo16Se32, (b) Mo15VSe32, (c) Mo15NbSe32, and (d) Mo15TaSe32 

without SOC.
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Fig. S3 Powder XRD pattern of Mo1–xMxSe2 (0 < x  0.09) compounds, where (a) M = V, (b) 

M = Nb, and (c) M = Ta.

Fig. S4 Optical absorption spectra of Mo1–xMxSe2 (0 < x  0.09) compounds, where (a) M = V, 

(b) M = Nb, and (c) M = Ta. The optical absorption edge of the compounds shifts towards low 

energy with the increasing V/Nb/Ta content, and indicates a decreased band gap.
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Fig. S5 (a) Temperature-dependent hole concentration and (b) the carrier mobility of Mo1–

xVxSe2 (0 < x  0.09) compounds along P direction and within 10 – 300 K. (c) Temperature 

dependent electrical conductivity  of Mo1–xVxSe2 (0 < x  0.09) along P direction in 

coordinates of ln = f (T–1/4), and (d) in ln = f (1000/T) in the range of 2 – 823 K.



6

Fig. S6 (a)Temperature-dependent hole concentration and (b) the carrier mobility of Mo1–

xNbxSe2 (0 < x  0.09) compounds along P direction and within 10 – 300 K. (c) Temperature 

dependent electrical conductivity  of Mo1–xNbxSe2 (0 < x  0.09) along P direction in 

coordinates of ln = f (T–1/4), and (d) in ln = f (1000/T) in the range of 2 – 823 K.
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Fig. S7 Temperature dependence of (a) electrical resistivity, (b) the Seebeck coefficient, and 

(c) the thermal conductivity of the MoSe2 compound measured along P and ||P directions. 

MoSe2 has a layered structure with weak vdW bonds between the layers, resulting in 

distinctly different thermal transport properties of the bulk along the P direction and along 

the ||P direction. 

Fig. S8 Temperature dependence of (a) electrical conductivity, (b) Seebeck coefficient, (c) 

power factor, (d) thermal conductivity, (e) lattice thermal conductivity, (f) dimensionless 

figure of merit ZT of Mo1–xVxSe2 (0 < x  0.09) compounds measured along P direction.
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Fig. S9 Temperature dependence of (a) electrical conductivity, (b) Seebeck coefficient, (c) 

power factor, (d) thermal conductivity, (e) lattice thermal conductivity, (f) dimensionless 

figure of merit ZT of Mo1–xNbxSe2 (0 < x  0.09) compounds measured along P direction.


