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The formation of MoS2/rGO/GQDs hybrids was noticeable from the AFM image in Fig. S1, from 
which the spots corresponding to the GQDs were clearly observed on the exterior surface of 
the pristine MoS2/rGO. 



 

Figure S1. AFM image of MoS2/rGO/GQDs. 

Fig. S2 shows the morphologies of MoS2/rGO/GQDs hybrids with different ratios of GQDs 
(MoS2/rGO/GQDs hybrids with mass ratios of 50:10:10, 50:5:5, 50:3:3, and 50:2:2, denoted as 
MoS2/rGO/GQDs-1, MoS2/rGO/GQDs-2, MoS2/rGO/GQDs-3, and MoS2/rGO/GQDs-4, 
respectively). When the ratio of MoS2, rGO and GQDs was 50:10:10, the dispersion of 
MoS2/rGO/GQDs-1 hybrids was relatively uniform and MoS2 nanoflowers combined closely 
with rGO nanosheets, without obvious agglomeration. When the ratio of MoS2, rGO and GQDs 
was 50:5:5, numerous small MoS2 nanoflowers were evenly distributed on the surface of rGO 
nanosheets in MoS2/rGO/GQDs-2 hybrids. When the ratio of MoS2, rGO and GQDs was 50:3:3, 
MoS2 nanoflowers tended to aggregate in MoS2/rGO/GQDs-3 hybrids. As the content of GQDs 
in the hybrids further decreased, MoS2 nanosheets showed severe aggregation and overlapping. 
This caused an increase in the size of the formed MoS2 nanoflowers and reduced the dispersion 
of the hybrids. The experimental results indicated that the microstructures of MoS2/rGO/GQDs 
hybrids were significantly affected by the ratio of MoS2, rGO and GQDs. As seen from Fig. S2, 
the addition of GQDs limited the aggregation of MoS2 nanosheets, which caused a decrease in 
the size of MoS2 nanoflowers. Numerous active sites and transportation channels were likely 
formed due to the small MoS2 nanosheets, which contributed to the gas adsorption property. 
The MoS2/rGO/GQDs-2 composite material exhibited better dispersion than the other hybrids 
and was selected for further study. 
 



 

Figure S2. SEM images of (a) MoS2/rGO/GQDs-1, (b) MoS2/rGO/GQDs-2 (c) 
MoS2/rGO/GQDs-3 and (d) MoS2/rGO/GQDs-4. 

CV tests were carried out in an aqueous solution of KCl and K3Fe(CN)6 to confirm whether 
the surface area increased after the addition of GQDs (Fig. S3). 200 µg of MoS2/rGO 
nanocomposites and 200 µg of MoS2/rGO/GQDs hybrids were uniformly coated on a 1 cm × 1 
cm indium-tin-oxide (ITO) anode respectively for the CV test. The effective surface area can be 
calculated from the Randles-Sevcik equation [64]: 𝑖௣  ൌ  ሺ2.687 ൈ 10ହሻ𝑛ଷ/ଶ𝑣ଵ/ଶ𝐷ଵ/ଶ𝐴𝐶 
Where ip refers to the peak current, n is the number of electrons transferred in the redox process 
(n = 1, in 10 mM K3Fe(CN)6), v is the scan rate, D is the diffusion coefficient (D = 5.7 × 10-6 cm2s-

1, in 0.1 M KCl), A is the surface are and C is the concentration of K3Fe(CN)6. As shown in Fig. 
S4, the peak current ip and the square root of scan rate v for both MoS2/rGO/GQDs hybrids 
(slope = 14.455) and MoS2/rGO nanocomposites (slope = 7.475). Moreover, the effective surface 
area of MoS2/rGO/GQDs hybrids and MoS2/rGO nanocomposites were calculated to be 2.253 
and 1.165 cm2, respectively, indicating the significant enhancement of effective surface area 
with the addition of GQDs [65,66]. 
  



 

 

Figure S3. Cyclic voltammograms of (a) MoS2/rGO nanocomposites and (b) MoS2/rGO/GQDs 
hybrids in 10 mM [Fe(CN)6]3−/4− and 0.1 M KCl solution at different scan rates from 25 to 300 

mV·s -1. 

 

Figure S4. Peak currents as a function of scan rate for the determination of the effective 
surface area. 

 

Figure S5. Response and recovery curves of MoS2/rGO-based sensors to 5 ppm NO2. 


