
REVIEWER COMMENTS 

Reviewer #1 (Remarks to the Author): 

The authors reported the experimental and computational results on electrocatalytic activities of 

hierarchical defective transition bimetal oxides/sulfides heterostructure array as the promising 

electrocatalyst for hydrogen evolution reaction (HER) and oxygen evolution reaction (OER) as well as 

overall water splitting in alkaline media. 

I recommend it to publish in Nature Communication after some revisions, detailed suggestions are 

listed as following. 

Detailed comments: 

[1] In the experimental section, the author should provide the details for electrochemical 

measurements of HER and OER, is there pretreatment in H2 or O2 saturated alkaline condition before 

HER and OER tests? 

[2] The novelty of this work must be further emphasized, highlighting the roles of engineering 

interface atomic activation sites on hierarchical defective transition bimetal oxides/sulfides 

heterostructure array. In addition, the “outstanding electrocatalytic activity” of the bimetal 

oxides/sulfides heterostructure array is the least important aspect of the paper, and should be put into 

better context by comparing to known reported systems. 

[3] Although XPS spectra has been well conducted for NiMoOx/NiMoS, could the author also give the 

detailed characterization of MoOx/MoS2 and NiOx/Ni3S2 by XPS spectra? 

[4] Those measured current densities were all calculated with respect to the geometric areas of the 

assembled electrodes, not directly related to the intrinsic activities of these catalyst samples. In order 

to show whether the intrinsic activity is improved or not, turnover frequency (TOF) value of both HER 

and OER should be calculated and compared with those of other catalysts. 

[5] In the manuscript, it is very impressive that the very large catalytic current densities for both HER 

and OER are driven by the low potentials. In this case, the Faraday efficiencies of OER, HER and 

overall water splitting should be given, confirming the real electrocatalytic activities of NiMoOx/NiMoS 

array. 

[6] The intrinsic activity should play an important role in electrocatalysis, so it is more valuable to take 

this into account, in-depth understanding the real electrocatalytic process in this work. 

[7] There are some reports about the electrocatalysts, delivering large catalytic current densities 

(e.g., 500 and 1000 mA cm-2) for practical application. Can the authors make a comparison among 

the catalytic activities of this catalyst in the manuscript and these reported catalysts? 

[8] The ‘Discussion’ section looks like ‘Conclusions’ in this work. The authors need to comprehensively 

discuss on their study and new findings if the results and discussion can be split in this manuscript. 

Reviewer #2 (Remarks to the Author): 

In this manuscript, hierarchical transition bimetal oxides/sulfides arrays (NiMoOx/NiMoS) were 

fabricated by an oxidation/hydrogenation-induced surface reconfiguration strategy and investigated 

for water splitting. A suite of electrochemical analysis and characterizations clearly indicate the 

formation of 3D, defect-rich heterostructure. Impressive electrocatalytic performance for HER, OER 

and overall water splitting were demonstrated by thorough electrochemical tests. Active sites and 

reaction mechanism were further revealed via DFT studies. This work provides an attractive strategy 

of morphology, defect and heterostructure engineering upon hierarchical oxide/sulfides for water 

splitting, and is thus publishable. However, there are also several questions to be addressed. 

1. In introduction section, the shortcomings and remaining problems of reported catalysts are 

suggested to highlight. In addition to enumerate relevant materials, the basis and reason for the 



design and selection of the catalyst and the structure should be explained more clearly. 

2. Some results of the experimental characterization need to be checked. For example: 

(1) For the results of TEM analysis on defect structures marked in Figure 3e, the size of each white dot 

looks much bigger than the size of an atom. Are these dots (supposed to be defects) attributed to 

electron beam irradiation damage or derived from the material/sample itself? 

(2) Please check the lattice fringes for Ni3S2 marked in Figure 3e. The fringes are horizontal to the 

edge but interlayer distance is marked vertical. 

(3) The images in figure S5 are identical to that in Figure 3f-i. It’s not necessary to repeat this 

information. 

3. In the part of theoretical calculation, the additional explanations for the established catalyst models 

and the exploration of atomic activation sites at the interface need to be supplemented. (1) The 

modeling of metal oxides is described as "used O atom to replace the S atom on the edge of MoS2 and 

the surface of Ni3S2 and the interface of MoS2 and Ni3S2, respectively. To simulate the edge, surface 

and interface incorporate with oxides how to effects on the catalyst overall water splitting". The crystal 

facets of MoO2 and MoO3 can be observed from TEM, and the diffraction peaks of MoO2, MoO3 and 

NiO can be obtained from XRD results. The crystal structure information of metal oxides can be 

confirmed by the above results, but the theoretical models of NiOx, MoOx and NiMoOx are represented 

by an O atom instead of S atom in Ni3S2, MoS2 and NiMoS, respectively, which might not embody 

"multi-interfaces of dual-metal based oxide-sulfide heterostructures" claimed in the article. Please 

rethink the deviations between the theoretical models and structures characterized in experiments. 

(2) The manuscript proposed that the constructed interfaces among various heterostructures facilitate 

the charge transfer and bring exceptionally synergistic effect by oxidation/hydrogenation-induced 

surface reconfiguration. However, the charge transfer of NiMoOx/NiMoS in the catalytic process has 

not been given from the theoretical calculation point of view, so it would be better to make a further 

explanation. 

(3) The claim “the synergistic effect of the morphology, defect and heterostructure engineering in 

NiMoOx/NiMoS array promote the generation of abundant active sites by engineering interface atomic 

activation sites, optimizing adsorption energies and accelerating water splitting kinetics" has been 

emphasized in the manuscript. However, the theoretical calculation does not reflect the characteristics 

of the defective structure, nor does it describe the influence of the defective structure on its catalytic 

performance. 

(4) The O atoms in NiOx, MoOx, NiMoOx are possible sites to involve in OER. If so, they may interact 

and is competitive with other active site, which would change the favored potential energy surface. 

Discussion along this line is suggested. 

Reviewer #3 (Remarks to the Author): 

Authors presented a non-PGM catalyst for water splitting. I think the activities reported herein are 

quite high, but I have some major concerns. I suggest major revision and authors should address the 

following issues before the articles publication. Please see the comments below: 

1. I am not convinced about the measurements of surface area; I suggest that authors should 

elaborate on it. What were the values for measured electroactive surface area, what were the 

geometric areas? Do they correspond reasonably with each other, considering the porosity of nickel 

foams? 

2. Since the determination of ECSA in metal oxide catalysts is not precise, I suggest the authors 

report also the activities observed per mass, and compare the activities per mass with the literature 

mass activities. 

3. Authors should report how many times the activities were reproduced and should include the errors 

bars to ensure the reproducibility of the results 

4. The Figure 7 shows the polarization curve for OER not the overall water splitting, please correct. 

Also please report where were the values for figure 7c were taken from, were they done in exact same 

conditions (electrolyte etc.). 



5. I am wondering if they had any difficulties with bubble formation and blocking of the catalyst active 

site. 

6. On Figure 6d, what is meant by 100mA/cm2 at 225mV, does that potential correspond to the 

potential vs RHE when 100mA/cm2 was observed? I have the same question for potential of 

500mA/cm2 at 278mV. 

7. Figure 1 please label which colored ball corresponds to which element. 

8. Figure 2 for the elemental mapping images, which image corresponds to which element please 

label. 

9. In overall the written English of the article needs major improvements. There are many minor 

mistakes such as on Page 15: NiMoOx/NiMoS array was utilized as as cathode and anode in two-

electrode…





















































































REVIEWER COMMENTS 

Reviewer #1 (Remarks to the Author): 

The authors addressed my concerns. It is publishable now. 

Reviewer #2 (Remarks to the Author): 

From my side, I think the authors have sincerely and appropriately addressed all referees' comments 

and made satisfactory revision with an abundance of supplemented experimental and computational 

results and discussion. This quality of this updated version is largely improved to meet the standard of 

Nature Commun. I have no further concern on the manuscript. 

Reviewer #3 (Remarks to the Author): 

Unfortunately, after the revision the manuscript is not suitable for publication in Nature Commun., I 

recommend rejection. 

I am not convinced about the accuracy of the electrochemical characterizations. There are many 

discrepancies, for example, authors claim they used 2x3cm (6cm2) Ni foam to prepare the catalyst 

but in the response letter they mention they have geometrical area of 1cm2 catalyst, since the 

catalyst is merged into solution and both sides of Ni foam is immersed I would expect higher 

geometric area (if they used whole 6cm2 sample and dipped it into electrolyte as they show in the SI, 

then geometric area will be 12cm2). The response to the comment about ECSA determination raised 

the following questions: what was the specific capacitance of Ni, NiMoOx/NiMoS and all the other 

catalysts used for finding the ECSA? Were they determined from the plots of current density vs the 

scan rate? What is the porosity of this Ni foam, for instance, the BET surface area? I suggest that the 

authors deposit their catalyst material on a flat surface rather than using a foam and then test the 

intrinsic activity, because the Ni foam will have much higher surface area than simple geometric area 

due to its porosity. 

What was the mass loading of commercial Pt and IrO2 catalysts onto Ni foam, how do they control 

this, how do they know the catalyst sticks to the Ni foam? Please measure the ECSA of Pt and IrO2 

catalysts from their respective CVs. Which company they were purchased from? Do they correspond 

well with their activities reported in the literature? 

Moreover, authors didn’t address my comments about the stability tests. For Figures 5d, 6d and 7d, 

they show the change in current density by holding at certain current density, this simply measures 

how stable is the potentiostat not the catalyst material. It is meaningful to show how the potential 

changes over time at constant current or how the current changes at constant potential over time. 

However, the plot of current density at constant current density over time is meaningless and doesn’t 

provide any information about the catalyst material. 

Moreover, authors claim atomic activation sites, defective structure of the catalyst but provide no 

experimental result to support this claim. Especially, after it was pointed out by the reviewer that 

defects on the TEM images are from beam and larger than single atomic defects. So I would suggest 

to rename, reconstruct the paper accordingly by avoiding terms such as atomic activation sites and 

defective structure if they don’t provide any experimental evidence.





























REVIEWERS' COMMENTS 

Reviewer #3 (Remarks to the Author): 

Authors addressed all my comments/concerns. I have minor comment for the caption of Figure 7d it 

would be clearer for the readers if authors write: "chronoamperometric test at 1.75V in 1.0 M KOH at 

25 C" because they are holding the potential constant at specified potential and record the current 

over time.






