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Materials: sodium molybdate dihydrate [Na2MoO4.2H2O], nickel(II) acetate tetrahydrate 

[Ni(OCOCH3)2·4H2O], L-Cysteine [HSCH2CH(NH2)CO2H] and sodium phosphate 

monobasic [NaH2PO4] were purchased from Sigma-Aldrich, USA.  KOH (potassium 

hydroxide) was procured from Samchun Chemical Co. Ltd, South Korea. Carbon cloth (CC) 

was obtained from Hesenbio Ltd. Shanghai, China. Obtained chemicals were then directly 

used for the synthesis of the catalysts (no further purifications were done)  

Instruments: JEOL-JSM-6701F field emission scanning electron microscope was used for 

acquiring the FE-SEM images of all the samples. Jeol-JEM-2200 transmission electron 

microscope was used for acquiring TEM images, high-resolution TEM images and scanning 

TEM images of all the samples. Xray photoelectron spectroscopic study of the samples was 

done using a Theta Probe X-ray photoelectron spectrometer (Maker: Thermo Fisher Scientific 

Inc., UK). Micromeritics-ASAP 2020 surface area and porosity analyzer was used for 

nitrogen adsorption–desorption study. Powder X-ray diffraction pattern of all the samples 

were obtained using Rigaku TTRX3 powder X-ray diffractometer. Electrochemical 

performances were measured using an electrochemical workstation CH660E (maker: CH 

Instruments, Inc., USA). Electrochemical impedance spectroscopic measurements were done 

using the same electrochemical workstation with AC voltage of amplitude 5 mV in frequency 

range 0.01 Hz to 100 kHz. The elemental compositions of the prepared samples were 

determined from inductively coupled plasma-optical emission spectrometry elemental (ICP-

OES) and atomic absorption spectroscopy (AAS) measurements 
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Fig. S1. FESEM image of (A) MoS2 (B) Nidoped and intercalated MoS2 (C) Pdoped 

MoS2 nanosheets grown on carbon cloth. FESEM image of (D) MoS2 (E) Nidoped and 

intercalated MoS2 (F) Pdoped MoS2 nanoflowers.  

 

Fig. S2. TEM images of the pristine MoS2 showing interlayer spacing. 



 

Fig. S3. Selected area electron diffraction (SAED) pattern of the 1TNi0.2Mo0.8S1.8P0.2 NFs. 

 
Fig. S4. FE-SEM-EDS elemental mapping of 1TNi0.2Mo0.8S1.8P0.2 NFs. 

 



 

 

Fig. S5. XPS survey spectrum of 1TNi0.2Mo0.8S1.8P0.2 NFs. 

Fig. S6. High resolution X-ray photoelectron spectroscopy (XPS) plot of (A) Mo 3d and (B) 

S 2p for the pristine MoS2.  

 



 

Fig. S7. N2 adsorption-desorption isotherms of MoS2, Ni-doped and intercalated MoS2 and P-

doped MoS2 nanoflowers. 

 

Fig. S8. (A) Linear–sweep voltammetry (LSV) measurements for hydrogen evolution 

reaction (HER) of Ni0.1Mo0.9S1.8P0.2, Ni0.3Mo0.7S1.8P0.2, Ni0.2Mo0.8S1.7P0.3, Ni0.2Mo0.8S1.9P0.1, 

Ni0.1Mo0.9S1.7P0.3, Ni0.1Mo0.9S1.9P0.1, Ni0.3Mo0.7S1.7P0.3, Ni0.3Mo0.7S1.9P0.1 and (B) Linear–sweep 

voltammetry (LSV) measurements towards oxygen evolution reaction (OER) of 

Ni0.1Mo0.9S1.8P0.2, Ni0.3Mo0.7S1.8P0.2, Ni0.2Mo0.8S1.7P0.3, Ni0.2Mo0.8S1.9P0.1, Ni0.1Mo0.9S1.7P0.3, 

Ni0.1Mo0.9S1.9P0.1, Ni0.3Mo0.7S1.7P0.3, Ni0.3Mo0.7S1.9P0.1. 

 



 

Fig. S9. Cyclic voltammograms at different scan rates of (A1) MoS2 (B1) Pdoped MoS2 (C1) 

Nidoped MoS2 (D1) 1TNi0.2Mo0.8S1.8P0.2 NFs (E1) 1TNi0.2Mo0.8S1.8P0.2 NS/CC. 

Corresponding scan rate dependent current densities of (A2) MoS2 (B2) Pdoped MoS2 (C2) 

Nidoped MoS2 (D2) 1TNi0.2Mo0.8S1.8P0.2 NFs (E2) 1TNi0.2Mo0.8S1.8P0.2 NS/CC. 



 

Fig. S10. Spectra of (a)1TNi0.2Mo0.8S1.8P0.2 NS/CC (b)1TNi0.2Mo0.8S1.8P0.2 NFs (c) 

Nidoped MoS2 (d) Pdoped MoS2 (e) MoS2. 

 

Fig. S11. Linear–sweep voltammetry (LSV) measurements towards hydrogen evolution 

reaction of 1TNi0.2Mo0.8S1.8P0.2 NFs before and after chronopotentiometric stability test and 

1,000 consecutive CV cycles. 



 

Fig. S12. ECSA normalized Linear–sweep voltammetry (LSV) measurements towards 

oxygen evolution reaction (OER) of MoS2, P-doped MoS2, Ni-doped MoS2, 1T-

Ni0.2Mo0.8S1.8P0.2 NFs and 1T-Ni0.2Mo0.8S1.8P0.2 NS/CC. 



 

Fig. S13. Linear–sweep voltammetry (LSV) measurements towards oxygen evolution 

reaction of 1TNi0.2Mo0.8S1.8P0.2 NFs after chronopotentiometric stability test and 1,000 

consecutive CV cycles.  
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Fig. S14. (A) FESEM image. (B-G) Elemental mapping corresponding to Mo, S, Ni an

d P, respectively of 1T-Ni0.2Mo0.8S1.8P0.2 NS/CC after long-term chronoamperometric st

ability test of the device showing no significant change in the structure and elemental 

composition of the catalyst.  



 

Fig. S15. X-ray powder diffraction (XRD) pattern of 1T-Ni0.2Mo0.8S1.8P0.2 after long-term c

hronoamperometric stability test of the device showing no significant change in the cr

ystallographic nature of the catalyst. 



 

Fig. S16. High resolution X-ray photoelectron spectroscopy (XPS) plot of (A) Mo 3d, (B) 

S 2p, (C) Ni 2p, and (D) P 2p for 1T-Ni0.2Mo0.8S1.8P0.2 after long-term chronoampero

metric stability test.  



Table S1. Elemental composition of the catalyst obtained from AAS and ICP-OES.   

 



Table S2. Comparison table towards HER performances with recently reported catalysts. 

 



 

Table S3. Comparison table towards OER performances with recently reported catalysts. 

   



Table S4. Comparison table of cell voltages for overall water splitting with some recently 

reported catalysts. 
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