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Figure S1. XRD patterns of (a) Co(OH)1.0(CO3)0.5.xH2O (COC) NW powder and COC/CC, and (b) NV-11, 
NV-12, NV-21, NV-31, NV-41, Ni and V. XPS plots of P 2p level for (c) CoP, (d) NV-31-CP (before 20 nm 
Ar+ sputtering) and (e) NV-31-CP (after sputtering).

Table S1. ICP-OES stoichiometric data of the electrocatalysts.

Elemental ratio obtained from ICP-OESCatalyst

Ni:V Co:P Ni:Co

NV-11 1.5:1 -- --

NV-12 1.2:2 -- --

NV-21 2.1:1 -- --

NV-31 3.4:1 -- --

NV-41 4.2:1 -- --

NV-21-CP 2.1:1 1:2.2 1.4:1

NV-31-CP 3.4:1 1:2.3 1.5:1
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CoP -- 1:2.1 --

Table S2. The fitted XPS parameters of the electrocatalysts supported on carbon cloth (CC).

Binding energy (eV) Relative fractionsCatalysts

NiO Ni2+ Ni3+ % Ni0 % Ni2+ % Ni3+

NV-31/CC 852.8 853.7 856.0 36.8 11.4 51.7

NV-31-CP/CC
(before sputtering)

853.0 853.9 856.9 8.0 21.8 70.1

NV-31-CP/CC
(after sputtering)

853.2 854.1 857.1 11.2 21.9 66.9

Co2+ Co3+ Coδ+ (δ>3) % Co2+ % Co3+ % Coδ+

CoP/CC 782.3 779.6 783.9 50.6 2.3 47.1

NV-31-CP/CC
(before sputtering)

781.8 779.2 783.8 49.7 6.6 43.7

NV-31-CP/CC
(after sputtering)

782.2 779.1 783.8 64.6 1.2 34.1

Binding energy (eV) Relative fractions

V2+ V3+ V4+ V5+ % V2+ %V3+ %V4+ %V5+

NV-31/CC 514.1 515.2 516.4 517.3 6.7 22.3 30.7 40.3

NV-31-CoP/CC
(before sputtering)

514.3 515.5 516.7 518.0 7.2 19.9 31.7 41.2

NV-31-CP/CC
(after sputtering)

514.3 515.5 516.7 517.8 9.1 16.7 40.0 34.2

Binding energy (eV) Relative fractions

LO* M-OH** S-H2O*** % LO % M-
OH

% S-H2O

CoP/CC -- 531.9 533.0 -- 9.65 90.35

NV-31/CC 530.3 531.5 533.0 36.55 54.21 9.24

NV-31-CP/CC
(before sputtering

-- 532.0 533.0 -- 32.7 67.2
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NV-31-CP/CC 
(after sputtering)

-- 532.0 532.9 -- 20.6 79.3

Binding energy (eV) Relative fractions

P-O-C P-O % P-O-C % P-O

CoP/CC 134.3 135.2 50.7 49.3

NV-31-CP/CC 
(before sputtering)

134.0 135.1 56.4 43.6

NV-31-CP/CC
(after sputtering)

134.0 135.0 48.6 51.4

     *LO: lattice oxygen, **M-OH: metal hydroxide, ***S-H2O: surface adsorbed H2O

Figure S2. Rietveld refined XRD pattern of CoP. The legends: diff (difference plot between observed 
and calculated patterns); Obs (observed pattern); Calc (calculated pattern); Bckgr (background plot). 
Since CoP NWs were grown on carbon cloth (CC), the carbon reflections overshadow those from CoP. 
Hence, the carbon reflections were considered in the background while fitting the XRD pattern. 

Table S3. XRD-Rietveld refinement parameters of CoP.

Sample Crystal structure
Space group

Lattice parameters (Å) Angles
(O)

Volume 
(Å3)

Fitting 
parameters

CoP Orthorhombic
Pbnm

a = 5.577, b = 5.009, 
c = 3.269

α = β = ϒ = 90O 91.3 χ2 = 0.84
GOF = 0.91
Rwp = 2.22
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Figure S3. (a) FTIR spectra and (b) Zeta potential bar plots of NV-31, CoP and NV-31-CP.

Figure S4. (a) Low and (b) high resolution TEM images, and (c) FFT pattern of CoP. (d) Low and (e) high 
resolution TEM images, and (f) FFT patterns of NV-31. Regions (i) and (ii) in panel (f) are from two 
locations indicated by yellow rectangles in panel (d) and (e), respectively. (g) HAADF-STEM elemental 
mapping of NV-31-CP.



S-6

Figure S5. XPS plots of O 1s level for (a) NV-31-CP before Ar+ ion sputtering, (b) NV-31-CP after Ar+ ion 
sputtering, (c) CoP and (d) NV-31.

Figure S6. CV plots for NV-31 and NV-31-CP in PBS medium.
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Figure S7. (a) LSV polarization curves for NV-30s (Rs = 5.8 Ω), NV-60s (Rs = 4.8 Ω), and NV-90s (Rs = 5.9 
Ω). 30s, 60s and 90s indicate the time of electrodeposition of NiV-LDH on CC. (b) LSV polarization 
curves for NV-11 (Rs = 6.6 Ω), NV-12 (Rs = 6.6 Ω), NV-21 (Rs = 8.1 Ω), NV-31 (Rs = 4.8 Ω), NV-41 (Rs = 4.8 
Ω), Ni (Rs = 6.1 Ω) and V (Rs = 5.5 Ω). (c) Overpotential scatter plots at -10, and -100 mA cm-2 current 
densities of 20% Pt/C fabricated in three batches. Inset shows the corresponding LSV plots: Rs (batch 
1) = 5.3 Ω, Rs (batch 2) = 5.1 Ω, and Rs (batch 3) = 5.1 Ω.
 

Table S4. Solution resistance (Rs) values obtained during the LSV polarization experiments for the HER 
electrocatalysts in different media.

Rs (Ω)Electrolyte

NV-31-CP NV-31 CoP 20% Pt/C CC

1M KOH 4.6 4.8 5.5 5.3 4.2

0.5M H2SO4 5.2 4.7 6.3 4.6 4.9

0.1M PBS 26 31.4 33 32.3 26
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Figure S8. Fitted Nyquist plots for NV-31, CoP and NV-31-CP and 20% Pt/C in (a) 1M KOH at -1.15 V vs. 
Hg/HgO (1M NaOH), and (b) 0.5M H2SO4 at -0.4V vs. saturated calomel electrode. Insets show the 
zoom in plots, and the corresponding equivalent circuits. Filled circles represent the experimental data 
and black lines represent the fitted plot for each catalyst.

Table S5. EIS parameters obtained for the HER electrocatalysts in different media.

Electrolyte Catalyst Rs (Ω) RCT1 (Ω) RCT2 (Ω)

NV-31-CP 4.2 0.7 2.7 

NV-31 5 1.0 6.5 

CoP 5.7 4.8 0.8 

1M KOH
(pH = 14)

20% Pt/C 5.8 0.6 0.8 

NV-31-CP 5.5 1.1 5.7 

NV-31 5.1 198 123 

CoP 9.4 6.4 1.8 

0.5M H2SO4

(pH = 0)

20% Pt/C 4.6 1.8 2.8 

NV-31-CP 36.6 14.0 -- 

NV-31 36.3 34.0  -- 

CoP 35.9 49.9 -- 

0.1M PBS
(pH = 7)

20% Pt/C 37.7  10.1  -- 
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Figure S9. ECSA determination in 1M KOH. CV plots of (a) CoP, (b) NV-31, and (c) NV-31-CP at different 
scan rates. Plots of current density (recorded at a fixed potential) as a function of scan rate for (d) CoP, 
(e) NV-31, and (f) NV-31-CP.

Figure S10. (a) ECSA normalized LSV polarization curves for NV-31, CoP and NV-31-CP in 1M KOH. (b) 
TOF of NV-31-CP in 1M KOH. (c) The mass activity of NV-31-CP and 20% Pt/C in 1M KOH. (d) Time 
dependent evolution of H2 (µmol). (e) Determination of Faradaic efficiency of NV-31-CP electrocatalyst 
from the evolved H2 (ml) in 1M KOH at -160 mV vs RHE.
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Figure S11. ECSA determination in 0.5M H2SO4. CV plots of (a) CoP, (b) NV-31 and (c) NV-31-CP at 
different scan rates. Plots of current density (recorded at a fixed potential) as a function of scan rate 
for (d) CoP, (e) NV-31 and (f) NV-31-CP. 

Figure S12. (a) ECSA normalized LSV polarization curves for NV-31, CoP and NV-31-CP in 0.5M H2SO4. 
(b) TOF of NV-31-CP in 0.5M H2SO4. (c) The mass activity of NV-31-CP and 20% Pt/C in 0.5M H2SO4. (d) 
Time dependent evolution of H2 (µmol). (e) Determination of Faradaic efficiency of NV-31-CP 
electrocatalyst from the evolved H2 (ml) in 0.5M H2SO4 at -202 mV vs. RHE.
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Figure S13. (a) Bar plots of Tafel slopes and overpotentials, and (b) fitted Nyquist plots of NV-31, CoP, 
NV-31-CP and 20% Pt/C in PBS medium at -1.2 V vs. Ag/AgCl (1M KCl). Inset shows the corresponding 
equivalent circuit. Filled circles represent experimental data and black lines represent the fitted data 
for each catalyst. (c) The mass activity of NV-31-CP and 20% Pt/C in PBS medium. (d) Time dependent 
evolution of H2 (µmol). (e) Determination of Faradaic efficiency of NV-31-CP electrocatalyst from the 
evolved H2 (ml) in PBS medium at -554 mV vs. RHE.
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Figure S14. (a) Top and side views of NV-LDH - CP. (b) The DOS of CoP, NiV-LDH and NV-LDH - CP. Fermi 
energy is denoted by a dashed line.
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Figure S15. FESEM images of the NV-31-CP/CC electrode after the 200h stability test with Pt wire 
counter electrode in (a) 1M KOH by applying -1A cm-2 current density, (b) 1 M KOH by applying -20 mA 
cm-2, (c) 0.5M H2SO4 by applying -1 A cm-2, and (d) 0.1M PBS by applying -100 mA cm-2.

Figure S16. (a) Stability test of NV-31-CP/CC in 1M KOH at an applied current density of -20 mA cm-2 
with Pt wire counter electrode. Inset shows the LSV polarization curve before and after the stability 
test (Rs = 3.8 Ω). (b) XRD patterns of the electrode before and after the stability test. (c) Elemental 
mapping and EDX spectrum after the stability test from the selected region of the FESEM image of NV-
31-CP.
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Figure S17. HER operational stability tests of NV-31-CP heterostructure at all pH with graphite rod 
counter electrode. (a) Chronopotentiometry at -1 A cm-2 for 113 h in 1M KOH (Rs = 4.3 Ω), along with 
(b) LSV plots (Rs = 4.0 Ω), (c) XRD patterns, and (d, e) digital images before and after the stability test. 
(f) Chronopotentiometry at -1 A cm-2 for 5 h in 0.5M H2SO4 (Rs = 5.5 Ω), along with (g) LSV plots (Rs = 
5.5 Ω), (h) XRD patterns, and (i, j) digital images before and after the stability test. (k) 
Chronopotentiometry at -100 mA cm-2 for 18 h in 0.1M PBS medium (Rs = 35 Ω), along with (l) LSV 
plots (Rs = 35 Ω), (m) XRD patterns, and (n, o) digital images before and after the stability test. The up 
arrow in panel (a) indicate the point of electrolyte addition in order to maintain the electrode area.
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Table S6. Comparison of the reported LDH-based HER electrocatalysts with NV-31-CP.

Sl. 
No

Catalyst η (mV) 
-10 mA cm-2 

η (mV) 
-100 mA cm-2

Electrolyte Substrate Stability
(h)

Ref

1 NiFeRu-LDH 29 - 1M KOH NF* 10 S1
2 NF@NiFe LDH/CeOx 154 267 1M KOH NF 20 S2
3 e-ICLDH@GDY/NF 43 215 1M KOH NF 80 S3
4 NiFe2O4/NiFe 

LDH/NF
101 229 1M KOH NF 20 S4

5 FeNi@FeNi 127 253@-50 1M KOH NF 30 S5

6 Ni@NiFe LDH 92 233 1M KOH NF 24 S6
7 v-NiFe LDH 87 - 1M PBS NF 100 S7

8 CoNiSe2@CoNi-
LDHs/NF

106 - 1M KOH NF 30 S8

9 CoFeCo PBA 155 330 1M KOH CC** 50 S9

10 Rh/NiFeRh-LDH 57 - 1M KOH NF 6 S10

11 V-Ce/CoFe LDH 73
212

- 1M KOH
1M PBS

NF 60 S11

12 Rh-doped CoFe-LDH 28 188@-600 1M KOH NF 10 S12

13 Ru-CoV-LDH@NF 32 - 1M KOH NF 45 S13

14 Ru1/D-NiFe LDH 18 61 1M KOH NF 100 S14

15 NV-31-CP/CC 55
93

311

133
173

--

1M KOH
0.5M H2SO4

0.1M PBS

CC 200 This 
work

* NF- Nickel Foam; **CC- Carbon Cloth
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Table S7. Comparison of the reported CoP-based HER catalyst with NV-31-CP.

Sl. 
No

Catalyst η (mV)
-10 mA cm-2

η (mV)
-100 mA cm-2

Electrolyte Substrate Stability
(h)

Ref

1 CoP/CC 209
106
67

--
--

204

1M KOH
1M PBS

0.5M H2SO4

CC* 5000
CV

S15

2 V-CoP/CC 71
123
47

- 1M KOH
1M PBS

0.5M H2SO4

CC 25 S16

3 Ce doped CoP 92
54

161-
120

1M KOH
0.5M H2SO4

Ti plates 10 S17

4 Fe-CoP UNSs 67 148 1M KOH NF** 50 S18

5 CoP NWs - 244 1M KOH Cobalt 
foam

48 S19

6 CoP/Co2P 103
99

155@50 mA 
cm-2

146@50 mA 
cm-2

1M KOH
0.5M H2SO4

GC <8 S20

7 CoP/Ni5P4/CoP 71
33

140
85

1M KOH
0.5M H2SO4

NF 27 S21

8 NiCo2−B−P 78 - 1M KOH NF 9 S22

9 B-CoP/CNT 56
79
39

- 1M KOH
1M PBS

0.5M H2SO4

GC*** 100 S23

10 CoP/Co-MOF 34
49
27

- 1M KOH
1M PBS

0.5M H2SO4

CFP**** 16.5 S24

11 CoP-
InNC@CNT

159
153

- 1M KOH
0.5M H2SO4

GC 20 S25

12 NiCo16−xPx 88 - 1M KOH GC/CFP 10 S26

NV-31-CP/CC 55
93

311

133
173

--

1M KOH
0.5M H2SO4

0.1M PBS

CC 200 This 
work

*CC- Carbon Cloth, **NF- Nickel Foam, ***GC-Glassy Carbon, ****CFP-Carbon Fiber Paper 
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Table S8. Comparison of the reported self-supported electrodes for HER with NV-31-CP/CC.

Sl. 
No

Catalyst η (mV)
-10 mA cm-2

η (mV)
-100 mA cm-2

Electrolyte Substrate Stability
(h)

Ref

1 RuP/CC
RuP2/CC

13
33

53
-

1M KOH CC* 20 S27

2 N-Co3O4@C@NF 42 - 1M KOH NF** 60 S28

4 VC@NC/CC 151
130

317
238

1M KOH
0.5M H2SO4

CC 20 S29

5 CoFe-P/NF 83 180 1M KOH NF 25 S30

6 Mo2C-3 M 
Ni(NO3)2/CFP

56 - 0.5M H2SO4 CFP*** 35 S31

7 NixP/NF 71 153 1M KOH NF 40 S32

8 Cu-m/Cu-
W/NiCo-LDH

15
27

72
112

1M KOH
0.5M H2SO4

Cu-m 120
50

S33

9 NiCoP@NC 
NA/NF

37
34

186
150

1M KOH
0.5M H2SO4

NF 22 S34

11 TiC@MoS2 127 160
@50 mA cm-2

0.5M H2SO4 TiC 24 S35

12 PS-Cu 121
261
182

534
568
340

1M KOH
1M PBS

0.5M H2SO4

Cu-m**** 30 S36

13 WP-W2C/W 43 139
560 @1000 

mA cm-2

1M KOH W foil 60 S37

15 NiCo-LDH−1T-
WS2/CC

134 - 1M KOH CC 60 S38

16 Cu@(Ni/NiO) 67 -- 1M KOH MC***** 24 S39

17 Ni2P/V2O3-x 59 -- 1M KOH NF 100 S40

NV-31-CP/CC 55
93

311

133
173

--

1M KOH
0.5M H2SO4

PBS

CC 200 This 
work

*CC- Carbon Cloth, **NF- Nickel Foam, ***CFP- Carbon Fiber Paper, ****Cu-m- Cu mesh, *****MC- 
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