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S1 The Morphology and Characteration of As-Prepared Ti3C2Tx and 

NiSe2/Ti3C2Tx 

 

Fig. S1 a SEM image for commercial Ti3AlC2; b TEM for Ti3C2Tx sheets (inset is HRTEM 

for Ti3C2Tx sheets, the equiangular lattice spacing about 0.26 nm is a typical (100) planes of 

Ti3C2Tx) [S1] 
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Fig. S2 XRD patterns of commercial Ti3AlC2 crystals and as-prepared Ti3C2Tx crystals 

 

Fig. S3 XPS survey spectrum of the NiSe2/Ti3C2Tx hybrid, and C 1s (284.8eV) was used to 

calibrate all the XPS peaks before comparison 

 

Fig. S4 Ni 2p XPS spectra of unmodified NiSe2, NiSe2+Ti3C2Tx physical mixture, and 

NiSe2/Ti3C2Tx hybrid 
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Table S1a Fitting parameters of  Ni 2p XPS spectra for the unmodified NiSe2 

 

bare NiSe2 

Ni 

2p3/2 

Ni 

2p1/2 

Nioxidation 

2p3/2 

Nioxidation 

2p1/2 

Satellite 

2p3/2 

satellite 

2p1/2 

Binding 

energy (eV) 
852.7 870.5 855.2 873.4 861.7 878.4 

Area 646.7 323.4 3441.0 1720.5 1278.6 639.3 

FWHM 

(eV) 
1.0 2.8 4.4 4.4 5.9 3.9 

Concentrate 

(%) 
8.1 4.1 36.7 18.3 21.9 10.9 

Table S1b Fitting parameters of  Ni 2p XPS spectra for NiSe2/Ti3C2Tx hybrid 

 NiSe2/Ti3C2Tx 

 Ni 

2p3/2 

Ni 

2p1/2 

Nioxidation 

2p3/2 

Nioxidation 

2p1/2 

Satellite 

2p3/2 

satellite 

2p1/2 

Binding 

energy (eV) 
853.0 870.9 855.8 873.9 862.3 879.0 

Area 870.8 435.4 2910.8 1455.4 815.3 407.7 

FWHM 

(eV) 
1.6 2.8 4.6 5.2 6.0 3.4 

Concentrate 

(%) 
12.6 6.3 42.2 21.1 11.8 5.9 

The CasaXPS softerware was used to fit  the XPS spectra. The Ni 2p spectrum had been fitted 

by considering two resolved doublets with a spin–orbit splitting around 18.0 eV between 2p3/2 

and 2p1/2 and a fixed area ratio about equal to 2:1. 

S2 Addition Information of Supercapacitor Performance 

 

Fig. S5  CV curves at different scan rates from 10 to 30 mV s-1 toward a unmodified NiSe2 

and b NiSe2/Ti3C2Txhybrid 
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Fig. S6 GCD curves at different current densities from 1 to10 A g-1 toward a unmodified 

NiSe2 and b NiSe2/Ti3C2Txhybrid 

Table S2 The simulatedparameters of the unmodifiedNiSe2 and NiSe2/Ti3C2Tx hybrid 

electrodes impedance spectra according to the equivalent circuit for supercapacitor 

Sample Rs (mΩ) CPE1 (mF) CPE2 (mF) Rct (mΩ) Ws (mΩ s-0.5) Wo (mΩ s-0.5) 

NiSe2 96.3 43.1 38.3 127.4 166.5 7.9 

NiSe2/Ti3C2Tx 79.9 58.0 91.0 95.4 92.7 5.4 

 

Fig. S7 Cyclic performance of NiSe2/Ti3C2Tx hybrid and unmodified NiSe2 for 1000 cycles at 

a current density of 4 A g-1 

S3 Addition Information of HER 
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Fig. S8 CV curves of a NiSe2/Ti3C2Tx hybrid, b unmodified NiSe2, and c Ti3C2Tx are taken in 

a selected potential rangewithout faradaic current at different potential scanning rates range 

from 10 to 120 mV s-1 

 

Fig. S9 Electrical equivalent circuit used to model the system of the NiSe2/Ti3C2Tx hybrid, 

unmodified NiSe2, and Ti3C2Tx investigated with EIS, in which Rs is solution resistance, Rint 

means the electrode-electrolyte interface resistance, Rct is the charge transfer resistance , Qint 

and Qdl are constant phase elements [S2] 

Table S3 Addition HER parameters and simulated parameters of the electrodes comprised of 

NiSe2/Ti3C2Txhybrid, unmodifiedNiSe2 and Ti3C2Tx according to the equivalent circuit 

Samples 

Overpotential 

(mV)/Current 

Density(mA cm-2) 

Exchange 

current 

density 

(μA cm-2) 

Rs (Ω) Rint (Ω) Rct (Ω) 
Qint 

(mF) 

Qct 

(mF) 

NiSe2/Ti3C2Tx 269.0/45 147.5 10.7 4.2 33.9 0.4 0.06 

NiSe2 418.1/45 56.8 14.8 9.3 95.7 0.9 0.02 

Ti3C2Tx / / 8.4 / 11.2 0.1 0.6 

 

Fig. S10 Polarization curves of a NiSe2/Ti3C2Tx hybrid and b unmodified NiSe2 before and 

after 2000 CV cycles at 100 mV s-1 for stability test 

https://link.springer.com/journal/volumesAndIssues/40820


 Nano-Micro Letters 
 

S6/S9 

 

 

Fig. S11 Time-dependent currentdensity curve of a NiSe2/Ti3C2Tx hybrid and b unmodified 

NiSe2 under static potential of -0.25V vs RHE for 10 h 

S4 Supercapacitor and HER Performance of Other Masteries in the 

Literatures 

Table S4 The comparison on the supercapacitor performance of our hybrid with other 

transition metal selenides and MXene-based composites in the literatures 

Samples Electrode Electrolyte 
Loading mass 

(mg cm-2) 
Cs (F g-1) References 

NiSe2/Ti3C2Tx 
Nickel 

foam 
2M KOH 8.0±0.2 532.1 at 1 A g-1 This work 

NiSe2 
Nickel 

foam 
2M KOH 8.0±0.2 405.6 at 1 A g-1 This work 

NiSe2 
Nickel 

foam 
2M KOH 10.0 341 at 1 A g-1 [S3] 

NiSe 
Nickel 

foam 
2M KOH 23.4 298 at 1 A g-1 [S4] 

NiSe2 Graphite 1M KOH 0.5 75 at 1 mA cm-2 [S5] 

CoSe2/CC 
Carbon 

cloth 
1M KOH 0.53 713.2 at 1 mA cm-2 [S6] 

Co0.85Se 
Nickel 

foam 
2M KOH 5.0 280 at 1 A g-1 [S7] 

FeSe2 
Nickel 

foam 
2M KOH / 171 at 1 A g-1 [S8] 

MoO3/Ti3C2Tx 
Nickel 

foam 
1M KOH / 94 at 1 A g-1 [S9] 

MnO2/Ti3C2Tx 
Nickel 

foam 
1M NaSO4 4 212.1 at 1 A g-1 [S10] 
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Table S5 Summary of electrochemical parameters of some catalyst in previous works and our 

work for HER 

Samples 
Tafel slope 

(mV dec-1) 

Overpotential 

(mV)/Current 

Density 

(mA cm-2) 

Exchange 

current density 

(μA cm-2) 

Electrolyte References 

NiSe2/Ti3C2Tx 37.7 200/10 147.5 0.5M H2SO4 This work 

NiSe2 46.9 239/10 56.8 0.5M H2SO4 This work 

NiSe2 29.4 200/10 / 0.5M H2SO4 [S11] 

NiSe/NF 59.8 224/10 15.7 0.5M H2SO4 [S12] 

NiSe2 NCs 44 205/10 2 0.5M H2SO4 [S13] 

NiSe2/CNWs 38.7 225 / 0.5M H2SO4 [S14] 

NiS2 48.8 / 0.02 0.5M H2SO4 [S15] 

CoS2 51.6 210/10 15.1 0.5M H2SO4 [S16] 

CoO/CoSe2 131 337/10 33.2 0.5M H2SO4 [S17] 

MoS2 50 280/10 / 0.5M H2SO4 [S18] 

MoS2/Ti3C2Tx 74 332/10 / 0.5M H2SO4 [S19] 

Ni2P 48 220/10 / 0.5M H2SO4 [S20] 

CoP 104.8 250/10 63 0.5M H2SO4 [S21] 

FeP 67 249/10 / 0.5M H2SO4 [S22] 

“/”: not provided in the data 
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