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S1. Synthesis of GO, PANI and MoS2 nanospheres 

Graphene oxide (GO) was prepared by acid oxidation of graphite powers 

according to the modified Hummers’ method.1 Crude GO was dispersed in 200 mL of 

ultrapure water and exfoliated with a Cell crusher (900-1000 W) for 2 h. After being 

dried using freeze drier, the GO product was obtained finally. GO (50 mg) was added 

to 40 mL of ultrapure water and sonicated thoroughly until a homogeneous 

suspension of GO (1.25 mg mL-1) was obtained. PANI was synthesized according to 

our previous literature.2 

MoS2 nanospheres were prepared by hydrothermal method. Briefly, 0.40 g 

Na2MoO4·2H2O, 0.66 g thiourea, and 0.25 g PVP were dissolved in 40 mL of 

deionized water to form a homogeneous solution. Then the solution was transferred to 

a 50 mL Teflon-lined stainless steel autoclave and heated in an electric oven at 180 °C 

for 24 h. After cooling to room temperature, the precipitate was isolated by 

centrifugation and washed thoroughly with deionized water and ethanol for several 

times, followed by drying in a vacuum oven at 60 °C for 12 h. 
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S2. Chemical structure and components of the samples 

The FT-IR spectra of GO, pristine PANI, MOS2/rGO, and MOS2-PANI/rGO 

nanocomposites are illustrated in Fig. S1. The characteristic absorption bands at 

~3420 and ~2920 cm−1 represented -NH2/-OH, and -CH2/-CH3 groups. The 

characteristic peaks ascribed to aromatic C=C (~1627 cm−1) and C–O groups (C–OH 

at ~1403 cm−1 and C–O at ~1086 cm−1) are observed in the FTIR spectra of GO and 

MOS2/rGO, and MOS2-PANI/rGO samples. The intensity of absorption band at 1730 

cm−1 for carboxylate C=O stretching was weakened in MOS2/rGO, whereas the peak 

disappeared in MOS2-PANI/rGO, indicating the reduction of GO to rGO.3 The bands 

at ~1580 cm−1 (C=N stretching), ~1495 cm−1 (C=C stretching), ~1289 cm−1 (C–N 

vibration),4 ~1129 cm−1 (polaron formation of PANI (Q = N+H–B or B–N+H–B)),5 

~799 cm−1and (ring C–C bending vibration) prove the presence of PANI in 

MOS2-PANI/rGO nanocomposite. 

 

 

 

 

 

 

 

Fig. S1 FT-IR spectra of (a) GO, (b) MoS2/rGO, (c) PANI and (d) MoS2-PANI/rGO 

nanocomposite.  
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Fig. S2 (a) XPS survey spectra of MoS2/rGO and MoS2-PANI/rGO; high-resolution 

XPS spectra of (b) C 1s, (c) Mo 3d, and (d) S 2p of MoS2/rGO.  

Table S1 The atomic% of C 1s, N 1s, O 1s, Mo 3d, and S 2p of MoS2/rGO and 

MoS2/rGO/PANI. 

Samples 

Atomic % 

C 1s N 1s O 1s Mo 3d S2p 

MoS2/rGO  82.9 - 14.7 0.77 1.7 

MoS2-PANI /rGO 74.5 11.8 10.8 0.88 2.0 

 

 

296 292 288 284

 C=O

C-OH

C-C, C=C & C-H

(b) C1s

800 600 400 200 0

MoS
2
/rGO

S 2p
Mo 3d

C 1s

N 1s

O 1s

In
te

n
si

ty
 /

 a
.u

.

MoS
2
-PANI/rGO

(a)

240 236 232 228 224

S 2s

 

 

Mo 3d 3/2

Binding Energy / eV

Mo 3d 5/2
(c) Mo 3d

176 172 168 164 160

S 2p 1/2

(d) S 2p
S 2p 2/3



S6 
 

S3. SEM and TEM images of the samples 

 

 

 

 

 

 

 

 

 

  

 

Fig. S3 FE-SEM images of (a) MoS2 nanospheres, (b) PANI, and (c-d) MoS2/rGO 

nanocomposite.  
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Fig. S4 (a-b) TEM and (c) HR-TEM images of the MoS2/rGO, and (d) the 

corresponding SAED pattern.  
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S4. Electrochemical active surface area of the as-synthesized 

nanomaterials  

 

 

 

 

 

 

 

Fig. S5 CV curves of the bare GCE, MoS2/rGO/GCE, PANI/GCE, and 

MoS2-PANI/rGO/GCE at scan rate of 100 mV·s−1 in 0.1 M PBS (pH 7.0) containing 5 

mM [Fe(CN)6]3−/4− and 0.1 M KCl.  

CV measurements were used to evaluate the electrochemical performance of 

different materials modified electrodes. Fig. S5 showed the CV curves of bare GCE 

and MoS2/rGO, PANI, MoS2-PANI/rGO-modified GCEs recorded in 0.1 M PBS (pH 

7.0) containing 5 mM [Fe(CN)6]3−/4− and 0.1 M KCl at a scan rate of 100 mV·s−1. 

Compared with the bare GCE, the MoS2/rGO, PANI-modified electrode showed weak 

redox peaks, suggesting the film acted as a barrier for the electron transfer. For the 

MoS2-PANI/rGO-modified GCE, the peaks became more significant, indicating that 

the MoS2-PANI/rGO can enhance the electron transfer at the electrolyte/electrode 

interface. The electrochemical active surface area (A) of different electrodes was 

estimated according to the Randles–Sevcik equation 6 as follows: 
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Ip =2.69×105 (n3/2)AD1/2v1/2C  

wherein for Fe(CN)6
3−, n=1, D = 6.7 ×10−6 cm 2·s−1, C is the concentration of the 

probe molecule in the solution ( mol·cm−3), Ip equals Ipc, and v represents the scan rate 

of CV test. The calculated A values for the bare GCE and MoS2/rGO, PANI, 

MoS2-PANI/rGO-modified GCEs were 0.113, 0.101, 0.102, and 0.125 cm2, 

respectively. Therefore, the MoS2-PANI/rGO/GCE showed the largest electroactive 

surface area in the different electrodes. 
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S5. Reproducibility of the developed biosensor  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. S6 Peak currents of five MoS2/rGO modified Au electrodes in 0.1 M PBS (pH 

7.0, 0.1 M KCl) containing 1.0 mM, 75 µM DA, and 75 µM UA for detection of (a) 

AA, (b) DA, and (c) UA.  
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S6. Real sample analysis 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. S7 DPV curves of MoS2-PANI/rGO/GCE in real samples before and after spiking 

with AA, DA, and UA: (a) human serum1, (b) human serum2, (c) human urine1, and (d) 

human urine2. 
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