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Supplementary Methods 

I. Experimental section 

1. Chemicals. Nickel foam (NF, 2.8 cm×2 cm×1.6 mm, bulk density 350 g m−2, porosity > 95%), 2-

thenoic acid (2-C5H3O2S, TCA, 99%), nickel acetate tetrahydrate (Ni(Ac)2·4H2O, 99%), 

Manganese (II) acetate tetrahydrate (Mn(Ac)2·4H2O, 98%), Cobalt (II) acetate tetrahydrate 

(Co(Ac)2·4H2O, 99%), ethanol (EtOH, absolute) and sodium chloride (NaCl, 99.8%) were 

purchased from Sigma-Aldrich and directly used without further treatment or purification. All 

aqueous solutions were prepared with high-purity de-ionized water (DI-water, resistance 18 MΩ 

cm-1 ). Natural seawater was collected from the Yellow Sea (Qingdao, China), which was filtered to 

remove visible impurities before use . 

2. Material synthesis 

2.1. Synthesis of NiMn-MOF aerogel. In the first step, 33 mg of Ni(Ac)2·4H2O and 66 mg 

Mn(Ac)2·4H2O were added to 30 mL of EtOH; Next, 100 mg of organic ligand (2-thenoic acid) was 

added into the above solution under magnetically stirring for 1 hr, followed by hydrothermal 

treatment at 150 °C for 12 hrs. After cool down to room temperature, the as-produced NiMn-MOF 

was taken out and washed three times with EtOH and DI-water, repeatedly. In the second step, 

NiMn-MOF was mixed with 20 mL of deionized water to form the dispersion, which was slowly 

frozen with liquid nitrogen and free-dried. To prepare the corresponding electrodes, nickel foam 

was added into above solution following a similar procedure.  

2.2 Synthesis of other MOF aerogels. A number of other MOF aerogels have been synthesized 

similarly to NiFe-MOF except of using different mass ratios of metal precursors, for example, Ni-

MOF (only Ni source), Mn-MOF (only Mn source), Co-MOF (only Co source), NiMn-MOF (25, 

60, and 80 wt% of Mn/Ni), NiCo-MOF (1:1 for Ni : Co in mass ratio), CoMn-MOF (1:1 for Co : 

Mn in mass ratio), NiCoMn-MOF (1:1:1 for Ni : Co : Mn in mass ratios). 

2.3. Synthesis of NiMn-MOF powder. The synthetic procedure is similar to that of NiMn-MOF by 

replacing freeze-dry with 60 °C drying in air. To fabricate the electrode, NiMn-MOF powder was 
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dispersed in isoproponal/water (v/v = 1/3) mixed solvents with 1 wt% nafion as the binder, and then 

drop casted onto the nickel foam substrate with a loading of 0.48 mg cm-2. 

2.4. Calcination of NiMn-MOF at high temperature. For reliable comparison, NiMn-MOF was 

calcined at 600 °C for 3 hrs with an elevated rate of 2 °C min-1 in Ar atmospheres. 

3. Physical characterization 

Field emission scanning electron microscope was carried out on JEOL (7800F Prime); 

transmission electron microscope (TEM) and high resolution transmission electron microscope 

(HRTEM) were conducted on an aberration-corrected TEM (FEI Titan 80-300, 300 KV 

acceleration voltage); energy-dispersive X-ray spectroscopy (EDAX) and element mapping were 

acquired on the SEM (OXFORD X-MaxN 150 10KV). Brunauer-Emmet-Teller (BET) adsorption-

desorption isotherms were measured on a Micromeritics ASAP 2020 Plus analyzer at 77 K with the 

corresponding pore size distributions estimated using the Barrett-Joyner-Halenda (BJH) model. X-

ray diffractometer was examined on XRD (Smartlab 9 kW, 40 kV, 40 mA, λ=1.5418 Å) with Cu-

Kα radiation; X-ray photoelectron spectroscopy (XPS) was collected between 0 and 1400 eV on an 

Axis Ultra (Thermo ESCALAB 250XI) XPS spectrometer equipped with an Al Kα source (1486.6 

eV). FTIR spectra were recorded in a Thermofisher NICOLETIS10 FTIR spectrometer; electrical 

conductivity were tested on a Signatone four point probing system.  

4. Electrochemical characterizations 

Electrochemical tests were carried out on a CHI 760E electrochemical workstation in a three-

electrode system using as-synthesized catalyst electrodes, graphite rods and Hg/Hg2Cl2 electrode 

(saturation KCl) as working electrode, counter electrode and reference electrode, respectively. The 

catalytic electrode was produced by interwoving NiMn-MOF with nickel foam subsrate, which was 

achieved by introducing nickel foam in the second step of freeze dry of NiMn-MOF following a 

similar procedure. The electrolyte is NaCl solutions with different mass concentrations: 0.5 wt%, 

1.5 wt%, 3 wt%, 6 wt%, and 10 wt%. Further research on the performance of the system in natural 
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seawater collected from the Yellow Sea (Qingdao, China). 

Linear sweep voltammogram (LSV) plots were recorded at the scan rate of 5 mV s-1 with 85% 

iR-compensation and without iR-compensation. HER potential vs. EHg/Hg2Cl2 has been converted to 

reversible hydrogen electrode potential using the following equation: 

ERHE = E Hg/Hg2Cl2 + 0.059×pH + 0.242. 

The corresponding Tafel slope is calculated according to the Tafel equation as follows: 

η = b log j + a, 

where η is overpotential (V), j is the current density (mA cm-2), and b is the Tafel slope (mV dec-1).  

Long-term durability was tested by chronoamperometric response at a current density of -10 mA 

cm-2 in response to 12 hrs, with the corresponding LSVs before and after test collected for 

comparison. Electric double layer capacitance (Cdl, mF cm-2) of working electrode was obtained 

from the double-layer charge-discharge diagram using CVs in a small potential range of 

0.027~0.127 V (vs. RHE). Electrochemical impedance spectroscopy (EIS) was measured at -1.5 V 

from 100 K to 0.01 Hz.  

5. Theoretical simulations 

Computations were conducted by using density functional theory (DFT) with spin polarization. 

The ionic cores were illustrated by the projector-augmented wave (PAW) method. The Perdew-

Burke-Ernzerhof (PBE)1-3 functional in combination with DFT + U approach was used for electron 

exchange-correlation within the generalized gradient approximation (GGA) implemented in VASP 

package code.4,5 An effective on-site Coulomb interaction parameter of U = 3 and 3 eV was selected 

for Ni and Mn according to previous reports.5 The cut-off energy for plane wave expansion was 

fixed at 400 eV, optimized from a range of cut-off energies. The electronic self-consistent-loop 

criterion was set to 10-4 eV. During geometry optimization, the structures were relaxed to forces on 

all atoms smaller than 0.05 eV/Å. A Gaussian smearing method was employed with 0.50 eV width. 

The K-points for structural optimization in all models were set to 5 × 3 × 1. For density of state 

(DOS) calculations, the k-points were set to be 10 × 6 × 1.  
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A surface was cleaved across a direction to form a NiMn-MOF slab. The slab is a sandwich 

structure with the top and bottom layers containing nickel and manganese atoms with the two layers 

linked by thiophene acid groups. According to the XPS and element mappings, one third of nickel 

was replaced by manganese. Further, test calculations were conducted on different doping sites, and 

the most stable structure was presented in Supplementary Fig. 20. 

Further, different adsorption sites for H* were investigated for studying the mechanism of HER. 

During optimization of H* adsorption the bottom layer of substrate atoms were fixed to allow a 

time-efficient relaxation of the adsorbed species. 

The detailed Gibbs free energy calculation for HER has been carried out as it follows:  

G = E + ∫CP dT – TS  

where G, E and CP refer to the chemical potential (partial molar Gibbs free energy), electronic 

energy and heat capacity, respectively. The entropy term can be expressed as the sum of the 

translational, rotational, vibrational and electronic contributions as to:  

S = St + Sr + Sv + Se  

And finally, intrinsic zero-point energy (ZPE) and extrinsic dispersion (D) corrections can be 

included to finally obtain:  

G = E + ∫CP dT – T(St + Sr + Sv + Se) + ZPE + D  

Since Se ≈ 0 at the fundamental electronic level. 

For the case of solids and adsorbates, some approximations can be assumed:  

1. As for gases, at the fundamental electronic level Se ≈ 0.  

2. Translational and rotational motions can be neglected, therefore, St ≈ 0 and Sr ≈ 0. In this sense, 

all entropy contributions comes from vibrations: S = Sv. Similarly, translational and rotational 

contributions to the heat capacity are neglected.  

Therefore, Gibbs free energies for the different states have been calculated as to:  

G = E + ∫CP dT – TSv + ZPE + D 
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II. Supplementary Results   

 

Supplementary Fig. 1: Additional morphology characterizations of reaction intermediates for the 

formation of NiFe-MOF nanobelts at different reaction durations (scale bars for a, c, e, g, i, k and m 

are 10 μm, b, d, f, h, j, l and n are 1 μm). 
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Supplementary Fig. 2: SEM elemental mappings of reaction intermediates for NiFe-MOF 

nanobelts at different reaction durations (scale bars, 1 μm). 
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Supplementary Fig. 3: Optical photographs of Co-MOF hydrogels after solvothermal reaction. 
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Supplementary Fig. 4: The zeta potential of NiMn-MOF nanobelt aqueous solution. 
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Supplementary Fig. 5:  Optical photographs of NiMn-MOF nanobelts aqueous solutions after 

standing still for different time durations. 
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Supplementary Fig. 6: Morphological characterizations of bulk NiMn-MOF obtained by directly 

drying nanobelts  at 60oC in air. (a-d) SEM images (scale bars for a, b, c and d are 20, 10, 10, and 2 

μm); inset of (a) is an optical image; (e-i) SEM elemental mappings of Ni, Mn, S, O, C (scale bars: 

2 μm); (j) EDS elemental mapping images. 
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Supplementary Fig. 7:  Morphological characterizations of NiMn-MOF aerogels obtained by rapid 

liquid nitrogen freezing (freezing rate: 50oC min-1). (a, b) the morphology before and after 

compression, without superplasticity; (c, d) SEM image (scale bars are 30 μm).  
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Supplementary Fig. 8: Morphology characterizations of Ni-MOF aerogels. (a-e) SEM images 

(scale bars for a, b, c, d and e are 40 μm, 20 μm, 10 μm, 200 nm and 200 nm); inset of (a) is an 

optical image; (f-i) SEM elemental mappings of Ni, S, O, C (scale bars: 200 nm); (j) EDS elemental 

mapping images. 
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Supplementary Fig. 9: Morphology characterizations of Co-MOF aerogels. (a-e) SEM images 

(scale bars for a, b, c, d, and e are 100 μm, 40 μm, 30 μm, 200 nm and 200 nm); inset of (a) is an 

optical image; (f-i) SEM elemental mappings of Co, S, O, C (scale bars: 200 nm); (j) EDS 

elemental mapping images. 
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Supplementary Fig. 10: Morphology characterizations of Mn-MOF aerogels. (a-e) SEM images 

(scale bars for a, b, c, d and e are 40 μm, 20 μm, 10 μm, 1 μm and 200 nm); inset of (a) is an optical 

image; (f-i) SEM elemental mappings of Mn, S, O, C (scale bars: 200 nm); (j) EDS elemental 

mapping images. 
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Supplementary Fig. 11: Morphology characterizations of NiCo-MOF aerogels. (a-d) SEM images 

(scale bars for a, b, c and d are 20 μm, 10 μm, 200 nm and 100 nm); inset of (a) is an optical image; 

(e-i) SEM elemental mappings of Ni, Co, S, O, C (scale bars: 200 nm); (j) EDS elemental mapping 

images. 
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Supplementary Fig. 12: Morphology characterizations of CoMn-MOF aerogels. (a-d) SEM images 

(scale bars for a, b, c and d are 40 μm, 20 μm, 10 μm and 200 nm); inset of (a) is an optical image; 

(e-i) SEM elemental mappings of Co, Mn, S, O, C (scale bars: 200 nm); (j) EDS elemental mapping 

images. 



S-17 
 

  

Supplementary Fig. 13: Morphology characterizations of NiCoMn-MOF aerogels. (a-c) SEM 

images (scale bars for a, b and c are 40 μm, 20 μm and 200 nm); inset of (a) is an optical image; (d-i) 

SEM elemental mappings of Ni, Co, Mn, S, O, C (scale bars: 200 nm); (j) EDS elemental mapping 

images. 



S-18 
 

 

Supplementary Fig. 14: EDS elemental mapping images of NiMn-MOF. 
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Supplementary Fig. 15: (a) XPS survey spectrum of NiMn-MOF; (b) S 2p, C-S-C and (c) O 1s 

regions of NiMn-MOF. 
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Supplementary Fig. 16: (a) XRD pattern of NiMn-MOF (25% of Mn), NiMn-MOF (80% of Mn) 

and NiMn-MOF (powder); (b) NiMn-MOF (treated at 600°C) as comparison with standard cards, 

showing the production of Ni3S2, MnO, and nickel foam (NF) components. 

Supplementary note.  

XRD patterns showed that NiMn-MOF, NiMn-MOF bulk and other comparative samples 

(different Ni: Mn ratio) had similar diffraction characteristics, and the crystallinity decreased with 

the increase of Mn: Ni. The low-angle peaks (2θ=6.4o) are shown along the growth direction of the 

1D nanobelts (Fig. 2i, Supplementary Fig. 16a). The annealed NiMn-MOF was confirmed to be a 

mixture of pure Ni (PDF# 70-1849), Ni3S2 (PDF# 71-1682) and MnO (PDF# 78-0424, 

Supplementary Fig. 16b), thus indicating the decomposition of MOF structure at high-temperature 

annealing. 
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Supplementary Fig. 17: XRD pattern of (a) Co-MOF, (b) NiCo-MOF, (c) CoMn-MOF and (d) 

NiCoMn-MOF. 
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Supplementary Fig. 18: FT-IR spectra of Mn-MOF, Ni-MOF, NiMn-MOF (powder), NiMn-MOF 

(80% of Mn) and NiMn-MOF (25% of Mn). 

Supplementary note.  

In Supplementary Fig. 18, we see the vibration bands of organic ligand unit at 1421 and 1037 

cm–1, carboxylate groups (COO-) coordinated with Ni2+ or Fe3+ at 1582, 1520, 1377 and 774 cm-1 

(Fig. 2l).6,7 Further, as compared to the organic ligand in Fig. 2l (main text), the acidic carbonyl 

group (C=O) and non-ionized carboxyl group (C-OH) disappeared in NiMn-MOF, indicating that 

the organic ligand has been completely deprotonated and formed MOF with Ni or Mn ions. 
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Supplementary Fig. 19: FT-IR spectra of (a) Co-MOF, (b) NiCo-MOF, (c) CoMn-MOF and (d) 

NiCoMn-MOF. 
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Supplementary Fig. 20: Density of states (DOS) of NiMn-MOF calculated by density fucntion 

theory (DFT) method. 
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Supplementary Fig. 21: (a, b) LSV curves of NiMn-MOF and other comparison electrodes for 

HER at 5 mV s-1 with 85% iR-compensation in 3 wt% NaCl electrolyte. 

 

 

 

 

 

 

 

  



S-26 
 

 

Supplementary Fig. 22: Overpotentials of NiMn-MOF and other comparison electrode at different 

current densities in 3 wt% NaCl electrolyte. 

Supplementary note. 

The electrocatalytic test was conducted in a three-electrode cell containing a 3 wt% NaCl 

solution with 85% iR-compensation. Firstly, linear sweep voltammetry (LSV) demonstrates 

outstanding activities for NiMn-MOF as comparison to other samples (Supplementary Fig. 21). To 

afford a current density of 10 mA cm−2, NiMn-MOF only requires an overpotential of 277 mV, 

which is smaller than Ni-MOF (359 mV), NiMn-MOF (25%, 345 mV), NiMn-MOF (80%, 396 mV) 

and Mn-MOF (561mV), NiMn-MOF powder (327 mV), NiMn-MOF calcinated at 600 oC (355 mV) 

and Pt/C (324 mV, Supplementary Figs. 21, 22 and Table 4). Even under the high current density of 

200 mA cm-2, the HER overpotential of NiMn-MOF is only 376 mV (Supplementary Figs. 21, 22 

and Table 4). By comparison to literature (Supplementary Table 7), Our NiMn-MOF is among the 

most active reported electrocatalysts reported thus far. 
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Supplementary Fig. 23: (a, b) Tafel plots of NiMn-MOF and other electrode during HER process 

in 3 wt% NaCl electrolyte. 
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Supplementary Fig. 24: (a, b) EIS plots of NiMn-MOF and other comparison electrode in 3 wt% 

NaCl electrolyte. According to Supplementary Figs. 23,24 and Table 4, the catalyst electrodes show 

excellent reaction kinetics, as verified by the similar Tafel slopes and charge-transfer resistance (Rct) 

from EIS analysis compared with other comparative samples. 
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Supplementary Fig. 25: Stability of NiMn-MOF in 3 wt% NaCl electrolyte. (a) Stability test for 12 

hrs; (b) EIS plots of NiMn-MOF before and after stability; (c) LSVs before and after stability test. 

Remarkably, NiMn-MOF electrode shows excellent electrochemical durability as confirmed by 

chronoamperometry (10 mA cm-2 for 12 hrs, panel a), EIS (panel b), and LSVs (panel c) before and 

after testing. 
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Supplementary Fig. 26: (a) LSVs and (b) EIS plots of NiMn-MOF electrode in NaCl electrolyte of 

different concentrations.  

Supplementary note. 

The effect of NaCl concentrations (0.5, 1.5, 3, 6, and 10 wt%) on HER performances was 

studied. According to EIS plots (Supplementary Fig. 26b, Table 5), the solution resistance (Rs) of 

electrochemical system gradually decreases from 31.4 (0.5 wt%), 13.6 (1.5 wt%), 6.1 (3 wt%) and 

3.6 (6 wt%) to 2.4 ohms (10 wt%), which indicates the increase of ionic conductivity of NaCl 

electrolytes. However, LSVs curve shows a different trend from EIS (Supplementary Fig. 26a, 

Table 5). In the NaCl concentration range from 0.5 to 10 wt%, the minimum overpotential of 277 

mV is required at 3% NaCl to afford 10 mA cm-2 current density, which is much lower than 0.5 wt% 

(793 mV), 1.5 wt% (602 mV), 6 wt% (305 mV) and 10 wt% (479 mV, Supplementary Fig. 26a, 

Table 5). At low NaCl concentrations below 3 wt%, the large Rs may inhibit the charge transfer at 

electrode/electrolyte interfaces that compromised HER activities. We rationalize one possible 

explanation for performance degradation at high NaCl concentrations: the excessively high ion 

concentration could prevent the ionization of water molecules; and consequently, extra energy is 

required to promote the dissociation of the electrolyte, leading to a higher overpotential for HER. 
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Supplementary Fig. 27:  Morphology characterizations of NiMn-MOF before electrochemical 

cycling. (a-d) SEM images (scale bars for a, b, c and d are 200 μm, 100 μm, 50 μm and 20 μm); 

inset of (d) is SEM image (scale bars: 300 nm); (e-i) SEM elemental mappings of Ni, Mn, S, O, C 

(scale bars: 50 μm).  
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Supplementary Fig. 28:  Morphology characterizations of NiMn-MOF after electrochemical 

cycling. (a-d) SEM images (scale bars for a, b, c and d are 200 μm, 100 μm, 50 μm and 20 μm); 

inset of (d) is SEM image (scale bars: 300 nm); (e-i) SEM elemental mappings of Ni, Mn, S, O, C 

(scale bars: 50 μm).  

  



S-33 
 

 

Supplementary Fig. 29:  Structure characterizations of NiMn-MOF before and after 

electrochemical cycling. (a) XRD patterns; (b) FT-IR spectra. 
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Supplementary Fig. 30: Optimized lattice structure for NiMn-MOF absorbed hydrogen atoms at 

different active sites. Color code: gray, nickel; green, manganese; red, oxygen; yellow, sulfur; white, 

hydrogen; black, carbon. 
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Supplementary Fig. 31: Optimized lattice structure for Ni-MOF and Mn-MOF absorbed hydrogen 

atoms. Color code: gray, nickel; green, manganese; red, oxygen; yellow, sulfur; white, hydrogen; 

black, carbon. 
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Supplementary Fig. 32: (a) N2 adsorption-desorption isotherms of the NiMn-MOF and NiMn-

MOF (powder); (b) shows the BJH pore size distributions. 
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Supplementary Fig. 33: Cyclic voltammetry curve and corresponding capacitive plots for (a, b) 

NiMn-MOF, (c, d) Ni-MOF, (e, f) Mn-MOF and (g, h) Pt/C at different scan rates (10-20 mV s-1) in 

a 3 wt% NaCl solution.  
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Supplementary Fig. 34: Cyclic voltammetry curve and corresponding capacitive plots for (a, b) 

NiMn-MOF (powder), (c, d) NiMn-MOF (treated at 600°C) and (e, f) NF at different scan rates (10-

20 mV s-1) in 3 wt% NaCl solution.  
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Supplementary Table 1. Electrical conductivity of NiMn-MOF and other comparison samples. 

Each sample was measured by repeatitieve nine times. 

 

Electrocal conductivity （S m-1） 

Ni-MOF 
NiMn- MOF 

(25% of Mn) 

NiMn-MOF 

(67% of Mn) 

NiMn- MOF 

(80% of Mn) 
Mn- MOF 

1 0.25 0.61 2.22 1.52 0.42 

2 0.19 0.63 2.44 1.45 0.62 

3 0.28 0.94 2.36 1.46 0.66 

4 0.22 0.63 1.45 1.83 0.57 

5 0.19 0.79 2.10 1.55 0.64 

6 0.27 0.75 1.97 1.76 0.86 

Average 0.23 0.73 2.09 1.60 0.63 
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Supplementary Table 2. Average mass loadings of NiMn-MOF catalysts on nickel foam substrates. 

m(nickel foam)/ g m(NiMn-MOF)/ g Area/cm-2 Mass loading /mg cm-2 

0.20201 0.20580 5.7 0.66491 

0.19784 0.19974 5.7 0.33333 

0.19651 0.19914 5.7 0.45614 

average   0.48 
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Supplementary Table 3. Brunauer-Emmett-Teller (BET) surface area of NiMn-MOF and its 

powder counterpart. 

 
  

sample BET specific surface area / m2 g-1 BJH volume of pores / cm3 g-1 

NiMn-MOF 11.8 0.013 

NiMn-MOF 

(powder) 
4.6 0.005 
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Supplementary Table 4. Comparison of the HER activity for NiMn-MOF with other 

electrocatalysts in 3 wt% NaCl solution. 

Sample η10 (mV) η50 (mV)  η100 (mV) η200 (mV) 

Tafel 

slope  

(mV dec-

1) 

Rct (Ω) 
Cdl  

(mF cm-2) 

NiMn-

MOF 
277 356 373 376 115 3.9 11.25 

Ni-MOF  359 473 504 516 177 4.9 3.24 

NiMn-

MOF 

(25%) 

345 470 534 - 184 5.5 - 

NiMn-

MOF 

(80%) 

396 513 573 625 163 6.7 - 

Mn-MOF 561 - - - 154 7.1 5.65 

NiMn-

MOF bulk 
327 447 483 - 168 3.9 3.92 

NiMn-

MOF 

(600 oC) 

355 - - - 170 1.7 2.2 

Pt/C 324 452 526 616 72 2.2 16.63 
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Supplementary Table 5. Comparison of the HER activity for NiMn-MOF in different 

concentrations of NaCl electrolyte. 

Concentration of 

NaCl  

(wt%) 

η10  

(mV) 

η50  

(mV)  

η100  

(mV) 

η200  

(mV) 

Rs  

(Ω) 

0.5 793 - - - 31.4 

1.5  602 885 - - 13.6 

3 227 356 374 376 6.1 

6 305 439 491 526 3.6 

10 479 592 647 - 2.4 
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Supplementary Table 6. Comparison of the HER activity for NiMn-MOF with different folding 

times in natural seawater. 

Folding times 
η10  

(mV) 

η50  

(mV)  

η100  

(mV) 

η200  

(mV) 

Tafel 

slope (mV 

dec-1) 

Rct 

 (Ω) 

No folded 243 325 335 341 126 2.2 

1st folded 270 354 362 364 139 2.1 

2nd folded 264 343 362 372 121 1.4 

3rd folded 258 361 386 394 163 1.9 
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Supplementary Table 7. Comparison of the HER activity for NiMn-MOF with recently reported 

electrocatalysts in neutral electrolytes. 

Catalyst η10(mV) η50(mV) η100(mV) η200(mV) 
Mass 
loadin

g  

Electrolyt
e Reference 

NiMn-
MOF  243 325 335 341 

0.48 
mg cm-

2 
seawater This work 

Co0.31Mo1.

69C/MXen
e/NC 

262 410 unavailable unavailable 0.4 mg 
cm-2 seawater 8 

CoMoP@
C 448 590 unavailable unavailable 

0.29 
mg cm-

2 
seawater 9 

Co-N-C 
nanotubes 680 unavailable unavailable unavailable 

0.354 
mg cm-

2 
seawater 10 

RuCo/Ti 387  665 880 1350 - seawater 11 

PtNi5 800 1025 1300 unavailable 
0.398 

mg cm-

2 
seawater 12 

Mo5N6 258 300@20 
mA cm-2 unavailable unavailable 0.4 mg 

cm-2 seawater 13 
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