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1. Lorenz number and density of state mass calculations

The Lorenz number (L) and density of state mass (m") is calculated using the single parabolic band

(SPB) model with measured Seebeck coefficient (S) and carrier concentration (n) according to the

following equations !

acll

3

F ()],

A+3F, (1)

(A, w)j_ﬂ}

(I+A)F, (1)

1+exp (5 ,u)

A+l F (1)

—(

/1"'2)2 F () ’
A+l F, (1)

n

T2k, T

|

47k, (ﬂ)T

Where u is reduced Fermi level, F; (¢) is Fermi integral, kg is the Boltzmann constant, % is the Planck

constant and 4 is scattering parameter.

. Weighted mobility calculation

Weighted mobility (uw) (electron mobility weighted by the density of electronic states) is obtained

using the following equation 2:
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Where p is electrical resistivity. Weighted mobility analysis can elucidate the electronic structure and

scattering mechanisms in materials. At the optimal carrier concentration, the maximum of z7" depends on

the ratio of uw /x.



]
r;ml

=== : {J.TG'1H.{J—;F
2 * T

(Remove HF and ions)

”::-‘-r"‘”

( Low concentration MXenes) (Few-layer MXene)

Fig. S1 Few-layer MXene preparation process.




Table S1 The density of Mg; ,Sbg sBij 49Te€g01-x Wt% Graphene or MXene samples.

sample name density (g cm™) relative density (%)
x=0 5.12 98.5
x=02G 5.03 96.7
x=04G 4.96 953
x=06G 4.9 94.2
x=03M 5.06 97.3
x=0.6 M 5.02 96.5

x=09M 4.95 95.2
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Fig. S2 (a) Thermal diffusion coefficient and (b) specific heat of Mg; ,Sbg sBi; 49Te€g01-x Wt% Graphene. (c) Thermal
diffusion coefficient and (d) specific heat of Mgz ,Sbq sBi; 49Teg 01-x wt% MXene.
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Fig. S3 (a)-(d) The XRD refinement of Mg; ,Sbg sBi; 49T€g,01-x Wt% Graphene (x =0, 0.2, 0.4 and 0.6. respectively). (e)-
(h) The XRD refinement of Mg ,Sbg sBi; 49Te€g01-x Wt% MXene (x = 0, 0.3, 0.6 and 0.9. respectively).



Elements | Wt% At%
| Eloments | We% | At% |

C 1271 4992
(0} 2.08 6.13
Mg 1332 25386

11.38 4.41
60.51 13.67

Fig. S4 (a) The cross-section SEM image of x = 0.4 G with (b-f) elemental maps of C, Mg, Sb, Bi and O, and (g)

spectrogram of the total number of distribution maps.
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Fig. S5 (a)-(d) Cross-section SEM images of the Mg;,SbgsBij49Tego;-x Wt% Graphene and (a;)-(d;) are the

corresponding grain size statistics respectively. (¢)-(h) Cross-section SEM images of the Mg; ,Sbg sBi; 49Te€g 01-x Wt%

MXene and (e;)-(h;) are the corresponding grain size statistics respectively.
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Fig. S6 (a) and (b) The electron back-scattering diffraction (EBSD) image of Mg; ,Sby 5Bi; 49T€001-0.6 wt% MXene

sample, (c) the statistics of grain size obtained from the EBSD analyses.
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Fig. S7 Spectrogram of the total number of distribution maps in (a) Mgj3,Sbg sBij 49Teg 01-0.4 wt% Graphene and (b)

Mg3_zsb0.5Bi1.49T60.01—O.6 wt% MXene sarnples.
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Fig. S8 (a) The polished surface SEM image of x = 0.4 G with (b-f) elemental maps of C, Mg, Sb, Bi and O, and (g)

spectrogram of the total number of distribution maps.
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Fig. S9 (a) Density of states effective mass m* and (b) average power factor between 303 and 513 K of
Mg;,Sbq sBi; 49Teg 01-x Wt% Graphene. (¢) Density of states effective mass m* and (d) average power factor between

303 and 513 K of Mg;,Sbq5Bi; 49Teg 01-x wt% MXene.
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Fig. S10 Lorenz parameter of (a) Mg; ,Sbg 5Bi; 49T 01-x Wt% Graphene and (b) Mgz ,Sbg sBi; 49Teg 01-x Wt% MXene.
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