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TABLE S1. The S content of S-doped rGO synthesized by different methods.

Method Thiophene-S Content Oxide-S Content Ref

Thermal 0.96 wt% 0.56 wt% 1]
Annealing 1.06 wt% 0.23 wt%

Thermal 1.2 at% 0.6 at% 2]
Annealing 1.3 at% 0.4 at%

Thermal 1.0 at% 5.6 at% [3]
Annealing
This study 1.2 at% below the detection limit | This study
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Figure S1. The high resolution S2p XPS spectra of S-doped rGO synthesized at (a) 2

h, (b) 5 h, (c)10 h and (d) 15 h; the ethanol-thermal reaction time is 180 °C.
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Figure S2. (a) Conductivity, (b) electron concentrations and (c) Hall mobilities of
S-doped rGO as a function of ethanol-thermal time at 180 °C. The values are mean

and standard deviation (SD) for 5 different samples.

Figure S2a shows the conductivity of S-doped rGO as a function of ethanol
reaction time tgr, and the S-rGO-10h has the highest value. This variation can be
explained by the effect of te on the electron concentration and mobility of S-doped
rGO. From Figure S2b, we find that the electron concentration firstly increases and
then decreases with tey, and the variation is consistent with the S content shown in
Figure 3a. Thus, we can conclude that the electron concentration increases with the S
content, indicating that the S doping is n-type doping. Figure S2c shows the Hall
mobility as a function of te. Combined with Figure 3a, 3b and S2c, we reveal that
firstly, when te= 2-5 h, the mobility increases, which is mainly due to the decrease in
O content; secondly, when te= 5-10 h, the mobility decreases owing to the increase
of defects caused by the increase in the S content; thirdly, for te,= 10-15 h, despite the
S content decrease, the mobility still continues to decrease, which is due to an
increasing number of defects caused by the breakage of C-S bonds and removal of S

atoms.
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Figure S3. High resolution O1s XPS spectra of S-rGO-10 h and rGO-TS. The peaks
at around 531.5, 533.2 and 534.4 eV peaks correspond to O—C=0, C=0 and C-O

groups, respectively.

TABLE S2. Contents of O species (O—C=0, C=0, C-0 and Total O) in S-rGO-10 h

and rGO-TS.

0-C=0 (at%) | C=0 (at%) | C—O (at%) | Total O (at%)

S-rGO-10h 2.7 5.7 1.8 10.2

rGO-TS 2.7 5.8 1.9 10.4
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Figure S4. High resolution N1s XPS spectra of N-doped rGO synthesized by the
hydrazine reduction.The peaks at around 399.2, 400.5, 405.1 eV peaks correspond to

the pyridine-N, pyrrolic-N and oxidized N groups, respectively.
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