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Figure S1. AFM images of the (a) pristine Ti3C2Tx and (b) P-Ti3C2Tx nanosheets. 

Figure S2. Comparison of zeta-potential values of (a) pristine Ti3C2Tx and (b) P-Ti3C2Tx nanosheets.



5

Figure S3. SEM images of (a) P-Ti3C2Tx@NiCo(OH)2 precursor and (b) P-Ti3C2Tx@NiCoP 3D 

nanostructure. 

Figure S4. (a) Energy dispersive X-ray spectroscopy (EDS) of P-Ti3C2Tx@NiCoP and (b) its 

elemental composition. 
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Figure S5. Nitrogen adsorption-desorption isotherms of (a) Ti3C2Tx, (b) P-Ti3C2Tx, and (c) P-

Ti3C2Tx@NiCoP 3D nanostructures. 
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Figure S6. High-resolution XPS spectra of (a) Ti 2p for P-Ti3C2Tx, and (b) Pristine Ti3C2Tx 

nanosheets. 

Figure S7. High-resolution XPS spectrum of (a) Ni 2p, (b) Co 2p, and (c) P 2p for pure NiCoP.
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Figure S8. Comparison of Raman spectra of pristine Ti3C2Tx (black, top), P-Ti3C2Tx (red, middle), 

and P-Ti3C2Tx@NiCoP 3D nanostructures (blue, bottom).



9

Figure S9. Cyclic voltammograms measured in non-Faradaic region of (a) P-Ti3C2Tx@NiCoP, (b) 

Ti3C2Tx@NiCoP, and (c) NiCoP electrodes at various scan rates for different catalysts in 0.5 M H2SO4. 

(d) Plots of current density differences (∆ j) against the scan rates at 0.65 V vs. RHE, where ∆ j is the 

difference between anodic and cathodic current densities in CV curves at different scan rates. 
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Figure S10. Cyclic voltammograms measured in non-Faradaic region of (a) P-Ti3C2Tx@NiCoP, (b) 

Ti3C2Tx@NiCoP, and (c) NiCoP electrodes at various scan rates for different catalysts in 1 M KOH. 

(d) the plots of current density differences (∆ j) against scan rates at 0.65 V vs. RHE, where ∆ j is the 

difference between anodic and cathodic current densities in CV curves at different scan rates. 
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Figure S11. ECSA-normalized HER polarization curves evaluated under (a) 0.5 H2SO4 and (b) 1.0 M KOH 

condition for various catalysts. Note that presented HER polarization curves in Fig. 4a and Fig. 5a were 

normalized by ECSA values as summarized in Table S3 and S4 to compare the intrinsic catalytic activity of 

various samples.

Table S1. Comparison of atomic ratio normalized by Ti for various samples obtained from ICP-OES 

measurements.

Sample Ti/Ti Ni/Ti Co/Ti P/Ti

P-Ti3C2Tx@NiCoP 1 0.47 0.86 1.43

Ti3C2Tx@NiCoP 1 0.31 0.72 1.26
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Table S2. Comparison of the HER performance of P-Ti3C2Tx@NiCoP with other non-noble metal based electrocatalysts 

reported before.

Catalysts
Overpotential 

(mV) 

η10 mA cm-2

Tafel slope

(mV dec-1)

 

Electrolyte Reference

P-Ti3C2Tx@NiCoP
101

115

69

76

1 M KOH

0.5 M H2SO4

This work

NiCo2O4/NiCoP 198 91 1 M KOH [1]

NiCoP/CNF 130 83 1 M KOH [2]

NiCoP NPs/Ti, 97 50 1 M KOH [3]

NiCoP–CoP/NF 73 91.3 1 M KOH [4]

NiCo2O4/Ni2P/NAs
141

116

86

37

1 M KOH

0.5 M H2SO4

[5]

Ni5P4–NiP2/NF 92 52.8 1 M KOH [6]

NiFe LDH@NiCoP 120 88.2 1 M KOH [7]

S-NiCoP NW/CFP 102 63.3 1 M KOH [8]

NiCoP-C(TPA)/NF
78

94

73.4

81.1

1 M KOH

0.5 M H2SO4

[9]

O-NiCoP/Ni2P 58 68.8 1 M KOH [10]

O-doped Co2P 101 69.4 1 M KOH [11]

CoP-MOF
34

27

63

56

1 M KOH

0.5 M H2SO4

[12]

NiPS3/Ni2P 85 82 1 M KOH [13]

CoP/NiCoP/NC
75

60

58

60

1 M KOH

0.5 M H2SO4

[14]

CoP/NiCoP
121

90

65

68

1 M KOH

0.5 M H2SO4

[15]
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Table S3. Summary of the HER performance, Cdl and ECSA of various electrocatalysts measured in 0.5 M 

H2SO4.

Catalysts Ƞ10mA cm
-2

(mV)
Tafel slopes
(mV dec-1)

Cdl
(mF cm-2) ECSA

P-Ti3C2Tx@NiCoP 115 76 7.4 185

Ti3C2Tx@NiCoP 145 85 11.8 295

NiCoP 178 125 14.6 365

Table S4. Summary of the HER performance, Cdl and ECSA of various electrocatalysts measured in 1.0 M 

KOH.

Catalysts Ƞ10mA cm
-2

(mV)
Tafel slopes
(mV dec-1)

Cdl
(mF cm-2) ECSA

P-Ti3C2Tx@NiCoP 101 69 7.2 180

Ti3C2Tx@NiCoP 121 78 12.9 322.5

NiCoP 170 101 15.4 385

Note: ECSA for HER was determined based on the specific capacitance (Cs) of the NiCoP (0.040 mF cm-2) 

from the literature and the obtained ECSA values of the catalysts were normalized by the ECSA value of NiCoP. 

[16].
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