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Fig. S1 XPS spectra of (a) S(2p) and (b) C(1s) peaks of bulk MoS2 and MSBV50wt%.



Fig. S2 Thermogravimetric analysis (TGA) data of bulk MoS2, BVCl2, and MSBV50wt%. 



Fig. S3 AFM image of MSBV0wt% which denotes MoS2 reacted only with hydrazine. 



Fig. S4 Raman spectrum of bulk MoS2 and MSBV50wt%.

The peak separation between A1g and  mode is dependent on the number of layers.1 As 𝐸 1
2𝑔

shown in Figure S4, bulk MoS2 has its A1g and  modes at 407.7 and 382.5 cm-1, 𝐸 1
2𝑔

respectively, leading to a peak separation of 25.2 cm-1. In contrast, the  mode of MSBV50wt% 𝐸 1
2𝑔

upshifts from 382.5 to 385.0 cm-1, creating a peak separation of 22.7 cm-1
.



Fig. S5 Seebeck coefficient of MSBV50wt% and conventional n-type thermoelectric materials 

at room temperature.



Fig. S6 (a) Seebeck coefficient and (b) electrical conductivity of MSBV50wt% as a function 

of time.



Table S1. Energy shift of XPS core levels in MSBV50wt% before and after BV doping. 

Binding energy (eV)
Peaks

Before BV doping After BV doping

Binding energy shift 
(eV)

Mo 3d5/2 229.48 229.71 +0.23

Mo 3d3/2 232.63 232.85 +0.22

S 2p3/2 162.30 162.56 +0.26

S 2p1/2 163.50 163.79 +0.29



Table S2. Carrier properties of the bulk MoS2, MSBV0wt%, MSBV50wt%, and previous n-

doped MoS2 monolayers.

Hall mobility ( 
cm2·V-1·s-1 )

Bulk carrier 
concentration (cm-3)

Sheet carrier 
concentration (cm-2)

Bulk MoS2 1.40 8.77×1013 9.21×1011

MSBV0wt% 2.30 2.77×1013 2.63×1011

MSBV50wt% 2.39 2.97×1014 2.52×1012

Cl-MoS2 1L [5] 60.0 N.A. 9.2×1012

Cs2CO3-MoS2 1L [6] 4 N.A. 3.5×1011

BV-MoS2 1L [7] 24.7 N.A. 1.2×1013

APTMS-MoS2 1L [8] 2.06 N.A. 7.2×1012



Table S3. S/Mo and O/Mo area ratios of the bulk MoS2, MSBV50wt%, and MSBV50wt% 

annealed at 280 °C. Note that they were calculated by measuring the ratios of the peak areas 

and correcting them for sensitivity factors to obtain corrected peak area ratios.

S/Mo O/Mo
(total)

O/Mo
(MoO3)

O/Mo
(MoO2)

Bulk MoS2 1.90 0.0907 0.0707 0.0200
MSBV 2.01 0.0874 0.0647 0.0227

Annealed MSBV 1.20 0.733 0.613 0.120
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