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Electrocatalytic two-electron reduction of oxygen is highly promising for producing sustainable H2O2 

but lacks low cost and selective electrocatalysts. Here, we present the Chevrel phase chalcogenide 
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Ni2Mo6S8 as a novel active structure motif for reducing oxygen to H2O2 in aqueous electrolyte. 

Although has a low surface area, the Ni2Mo6S8 catalyst exhibited exceptionally high activity for H2O2 

synthesis with > 90% H2O2 molar selectivity across a wide potential range. Chemical titration verified 

successful generation of H2O2 and confirmed yielding rates as high as 90 mmol H2O2 gcat
-1

h
-1

. The 

outstanding activities were attributed to the ligand and ensemble effects of Ni on Mo6S8 that promote 

H2O dissociation and proton-coupled reduction of O2 to HOO*, and the spatial effect of the Chevrel 

phase structure that isolate Ni active sites to inhibit O-O cleavage. The synergy of these effects 

delivered fast and selective production of H2O2 with high turn-over frequencies of ~ 30 s
-1

. In addition, 

the Ni2Mo6S8 catalyst has stable crystal structure that is resistive for surface oxidation, and delivered 

good catalyst stability for continuous H2O2 production. The described new Ni-Mo6S8 active site motif 

could unlock new opportunities for designing advanced Earth-abundant electrocatalysts to tune oxygen 

reduction pathways for practical H2O2 production.  

 

1. Introduction 

 

Hydrogen peroxide (H2O2) is an important commodity chemical and has versatile  

applications in many areas, including chemical synthesis, textile manufacturing and healthcare 

disinfection.[1] It is ecofriendly and only produces water when used as an oxidant, thus is expected to 

play key roles in the rapidly developing sustainable industries.[2] The global H2O2 market reached ~ $ 

1.61 billion in 2019 and has grown significantly in recent years, especially due to rising demands 

from healthcare applications. Currently, commercial H2O2 is manufactured almost exclusively from 

the indirect anthraquinone oxidation process, which involves multi-step hydrogenation and 

oxidation of anthraquinone using Pd-based catalysts.[3] This process is only profitable with 

centralized plants and suffers from intensive energy consumption and substantial organic wastes 

generation.[4] In addition, the centralized production demands for costly infrastructures for 

transportation and storage of hazardous bulk H2O2. These sustainability drawbacks have motivated 

interests on alternative H2O2 production methods.[5] The direct synthesis from oxygen and hydrogen 

mixture gas is being considered as an alternative, but it still requires hydrogen gas and expensive 

noble metal catalysts, and it is also economically challenging to manage the potentially explosive 

H2/O2 mixtures.[6] Therefore, developing strategies for more sustainable H2O2 production has been 
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an ongoing challenges, particularly on the scalable modules that have promises for decentralized 

and on demand H2O2 production at the point of use. [7]  

The direct H2O2 synthesis based on electrocatalytic oxygen reduction or water oxidation 

reactions recently emerged as a promising route for scalable H2O2 under ambient condition.[8] 

Depending on the electrochemical setup, this can operate as either a galvanic cell for simultaneous 

generation of electricity and H2O2 or an electrolytic cell for converting renewable electricity into 

H2O2 from water and air.[9] The synthesis via the two-electron (2e-) electrocatalytic oxygen reduction 

reaction (ORR) offers better tunability and has been under intensive study.[10] Unfortunately, this 

reaction faces strong competition with the well-established four-electron (4e-) ORR and promoting 

the 2e- pathway requires highly selective electrocatalysts.[11] Currently, noble metal alloys such as Pt-

Au, Pt-Hg and Pd-Hg are among the most active electrocatalysts and deliver > 98% selectivity 

towards H2O2.
[12] The inactive Hg sites in these alloys isolate active noble metal site for optimal 

binding of HOO* and suppressing cleavage of O-O, but the scarcity of noble metals and toxicity of Hg 

practically hinder their large-scale applications. Recently, promising results have been described with 

a plethora of defective carbon and heteroatom doped carbon electrocatalysts, with 2e-/4e- ORR 

selectivity strongly corelates with heteroatom doping and local atomic structure of carbon motifs.[13] 

However, such catalysts usually have very complicated surface composition and therefore the active 

sites responsible for selective H2O2 synthesis were often not clearly defined. In addition, further 

performance improvements can be challenging without sacrificing stability or activity.[14] Recently, 

Earth-abundant metal chalcogenides such as CoS2 and CoSe2 have shown with great promises for the 

2e- ORR, and the high performance was attributed to the lattice chalcogenide anions that separate 

active metal sites and inhibit undesirable 4e- ORR.[15] Overall, despite of the great progresses with 

current electrocatalysts, high H2O2 selectivity usually associates with significant overpotentials 

and/or limited current densities,[16] and it is still highly challenging to obtain non-noble metal based 
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electrocatalyst for precise H2O2 synthesis with simultaneous high reactivity and selectivity.[17] The 

design of novel active site motifs using earth-abundant metals (such as Fe, Co, Mn) and better 

isolated active sites could allow further optimized oxygen bonding and enhanced electrochemical 

reduction activity and H2O2 selectivity.[18] 

Herein, we describe a new Ni-Mo6S8 active site motif based on the Chevrel phase 

chalcogenide Ni2Mo6S8 for catalyzing the selective 2e- ORR to H2O2 in aqueous electrolytes. The 

Chevrel phase is a unique family of chalcogenides and has versatile crystal structure with three-

dimensional channels from interconnected Mo6S8 clusters (Figure 1). It exhibits outstanding 

properties for a plethora of energy applications such as superconductors and batteries.[19] As an 

oxygen reduction electrocatalyst, the carbon free and noble metal free Ni2Mo6S8 catalyst enabled 

nearly exclusive H2O2 production with up to 98% molar selectivity, which was verified from both 

rotating ring-disc electrode measurements and chemical titration using Ce(SO4)2. The outstanding 

activity was attributed to the ligand and ensemble effects of Ni and the spatial confinement effect of 

Ni, Mo and S in the active motif of the catalysts. The synergy of these three effects providing the 

Ni2Mo6S8 catalyst with an impressive turn over frequency (TOF) of ~ 30 s-1 for nearly exclusive H2O2 

synthesis with yielding rates reaching ~ 90 mmol H2O2 gcat
-1 h-1. In addition, the Ni2Mo6S8 catalyst is 

resistive to surface oxidation and exhibited good stability for at least 10 hours continuous H2O2 

synthesis.  
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Figure 1: Structural characterization of the Ni2Mo6S8 electrocatalysts: a) powder X-ray 

diffraction pattern and the Rietveld refinement results; b-c) schematic illustration of the 

crystal structure that shows interconnected Mo6S8 clusters and the two types of Ni sites 

around the trigonal axis; d) SEM; e-f) TEM images: g) selective area electron 

diffraction pattern (SAED) and h) energy-dispersive X-ray (EDX) spectrum. 

 

2. Results and Discussion 

The Ni2Mo6S8 catalysts were synthesized using a two-step solid state method,[20] starting from ball-

milling of 0.57g NiS, 0.91g Mo and 1.50 g MoS2 using a high energy mechanical miller and then 

calcinating the milled powder in a tube furnace under Ar at 1000oC for 10 hours. The powder X-ray 

diffraction (XRD) patterns of the produced Ni2Mo6S8 catalyst match well with the rhombohedral R3H 

structure of the Chevrel phase (Figure 1a, PDF: 30-0847). The lattice parameters identified by 

Rietveld refinement are in good agreement with the literature (Table S1).[19b, 21] Figure 1b illustrates 

the general crystal structure of Ni2Mo6S8, which can be viewed as three-dimensional frameworks 

with interconnected Mo6S8 clusters, each having a Mo6 octahedral surrounded by a S8 cube. The Ni-

ions distribute among sites A and B around the trigonal axis structured by Mo6S8 clusters (Figure 1c). 

The scanning (SEM) and transmission electron microscope (TEM) images revealed that the Ni2Mo6S8 

catalyst have relatively large particle size and a wide size distribution of 100 ~ 1000 nm, with quasi-
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cubic morphology and rough surfaces (Figure 1d-e). The high-resolution TEM and selective area 

electron diffraction analysis revealed typical rhombohedral lattice spacing of the Chevrel phase 

chalcogenide (Figure 1f-g).[22] The energy dispersive X-ray spectrum identified Ni, Mo and S as the 

principle elemental composition with atomic ratio of ≈1:3:4.  In addition, the nitrogen adsorption-

desorption isotherm of the Ni2Mo6S8 catalyst exhibited a Brunauer–Emmett–Teller (BET) specific 

surface area of ~ 1 m2 g-1 due to large particle size (Figure S1). For comparison, the Ni-free Mo6S8 

catalyst was also prepared and studied to elucidate roles of Ni ions in Ni2Mo6S8 on H2O2 selectivity. 

This catalyst was prepared by acid leaching of Ni2+ from Ni2Mo6S8 and hence should have similar 

morphology and surface texture and its phase purity was confirmed by XRD (Figure S2).[23]  

   The electrocatalytic oxygen reduction (ORR) can proceed via either a 2e- pathway that 

converts H2O2 or a 4e- pathway that converts to H2O, and selectivity of these two pathways was 

mainly determined by the O-O bond cleavage kinetics on the electrocatalysts.[15b, 24] The behavior of 

the Ni2Mo6S8 catalyst on modulating the ORR pathway was studied using a standard three-electrode 

setup as detailed in the supplementary information. The reference electrode was a saturated 

calomel electrode (SCE) and its potential was calibrated as -0.998V vs. the reversible hydrogen 

electrode in 0.1M KOH (RHE, Figure S3). The voltages reported below are all converted in reference 

to the RHE. The working electrode was a rotating glassy carbon disc and Pt ring electrode (RRDE) and 

the ring collection efficiency was calibrated as 0.38 using the ferri-/ferrocyanide redox couple (Figure 

S4). The Pt ring electrode was set at 1.20 V vs. RHE during the ORR for selectively responding to H2O2 

without interferences from the ORR and water oxidation reactions.[15a] The catalyst ink was prepared 

using Nafion and was drop-casted on the disc electrode with areal loadings of 0.1 ~ 1.5 mg cm-2. No 

carbon additive was used to avoid possible interferences in evaluating the true intrinsic activity of 

each catalyst.[15a, 15b] 
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Figure 2: Selective electrochemical O2 reduction to H2O2 on the Ni2Mo6S8 catalyst: a) 

comparison of RRDE voltammograms of Ni2Mo6S8 and Mo6S8 catalysts in O2 and Ar 

saturated electrolytes (loading = 0.22 mg cm
-2

, 900 rpm), the dashed lines refer to the 

simultaneous H2O2 oxidation currents at the Pt ring electrode; b) comparison of H2O2 

molar selectivity based on ring and disc currents; c) transfer numbers based on RRDE 

voltammograms at different rotating rates; LSV curves of the d) Ni2Mo6S8 and e) Mo6S8 

catalyst in Ar-saturated 0.1M KOH electrolyte with different concentration of pre-

added H2O2. 

Figure 2a compares the iR-corrected linear sweep voltammograms (LSV, 5 mV/s) for 

Ni2Mo6S8 and Mo6S8 in 0.1M KOH saturated with either Ar- or O2 (flow rate: 20 sccm, pressure: ~ 800 

torr). The cathodic sweep was employed for the disk electrode to avoid anodic leaching of Ni2+ from 

the catalyst. The Ni2Mo6S8 catalyst exhibited an ORR onset potential of ~ 0.75V vs. RHE, which is 

close to the normalized thermodynamic potential of ~ 0.82V for H2O2 production in 0.1M KOH 

(assuming HO2
- concentration of 1mM, O2 pressure of 800 torr and equivalent activity coefficient for 

HO2
- and OH-).[13c] The cathodic reduction current was mainly due to the ORR as the sweep in Ar-

saturated electrolyte exhibited neglectable Faradic current. Importantly, the ring current responded 

instantly with the onset of ORR and exhibited the same trend as the disc current. Comparison of disc 

and ring currents using the calibrated ring collection efficiency of 0.38 reveals nearly exclusive 
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formation of H2O2, with H2O2 molar fraction higher than 90% throughout the voltage range and 

peaked with 98% at ~ 0.4V vs. RHE (Figure 2b). The control Ni-free Mo6S8 catalysts, in contrast, 

delivered about twice higher ORR currents and the H2O2 molar fraction was only ~ 40% at 0.6V vs. 

RHE and gradually decreased to ~ 10% at 0.1V vs. RHE. As another control catalyst, we also tested 

the MoS2 electrocatalyst and the general behavior is similar as Mo6S8 (Figure S5)  We then collected 

RRDE voltammograms at rotating rates from 625 to 1600 rpm (Figure S6). The Ni2Mo6S8 catalyst 

delivered consistently higher than 90% H2O2 molar selectivity at all rotating rates, and the average 

number of transferred electrons was estimated as 2.1~2.3 using the Koutecky-Levich equation 

(Figure 2c). This is in strong contrast with the Ni-free Mo6S8 catalyst where the H2O2 selectivity 

decreased by ~ 10% as the rotating rate was increased from 625 to 1600 rpm (Figure S7), and the 

average number of transfer electrons was voltage dependent and was much higher than the 

Ni2Mo6S8 catalyst. This voltage and O2 mass transfer dependent selectivity in the absence of Ni ions, 

in combination with the larger ORR disc current, suggest that Ni ions in Ni2Mo6S8 play vital roles on 

suppressing 4e- ORR and inhibit O-O cleavage for exclusive H2O2 synthesis.  

We then verified that the Ni2Mo6S8 catalysts are intrinsically inactive to decompose H2O2 and 

unable to catalyze a 2e- + 2e- mechanism during the ORR. Figure 2d-e compare voltammograms from 

the Ni2Mo6S8 and Mo6S8 catalysts in Ar-saturated electrolytes with different concentrations of pre-

added H2O2. The small cathodic currents observed in all voltammograms were due to persist O2 after 

Ar purging and the addition of H2O2 did not generate any increases in Faradic current for the 

Ni2Mo6S8 catalyst. In fact, the current was slightly decreased due to shift in Nernstian potentials 

associated with higher H2O2 concentration as discussed in prior works.[13c] The Mo6S8 catalyst, in 

comparison, exhibited H2O2-concentration dependent Faradic currents and hence has intrinsic 

activity for reducing H2O
- to H2O. Therefore, the comparison clearly suggests that splitting of O-O 

bonds appears infeasible for the Ni2Mo6S8 catalyst, which is critical for selective H2O2 synthesis using 

the 2e- ORR.  
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Figure 3: Electrocatalytic stability and chemical quantification of accumulated H2O2: 

comparison of Ni2Mo6S8 and Mo6S8 electrocatalysts on the basis of a) cumulative H2O2 

yields normalized by catalyst loading and b) H2O2 Faradic selectivity over reaction time 

at different potentials; c) evolution of Faradic currents at the ring and disk electrodes 

for 10 hours continuous H2O2 synthesis using the Ni2Mo6S8 catalyst, d-e) post-mortem 

TEM analysis of Ni2Mo6S8 catalyst; f) comparison of LSV voltammograms acquired 

during the stability test.  

The production rates and Faradaic efficiencies for H2O2 synthesis on the Ni2Mo6S8 catalyst 

were quantified under different potentials using the potentiostatic technique (0.22 mg cm-2, 900 

rpm). Of note, the Faradic ORR currents were relatively stable under all testing conditions even for 

the high current electrolysis at 0.1V vs. RHE (Figure S8). The electrolytes were sampled at a 30 min 

interval under each potential and concentration of accumulated H2O2 was quantified using the ceric 

sulfate (Ce(SO4)2) titration method as detailed in the supplementary information (Figure S9).[10] The 

H2O2 yielding rate exhibited nearly linear relationship with regards to electrolysis duration at all 

voltages examined here (Figure 3a), with a rate of 40 mmol H2O2 gcat
-1 h-1 at 0.6V vs. RHE and 

reached 88 gcat
-1 h-1 at 0.1V vs. RHE. The Faradic efficiency was estimated in reference to the total 

passed charge, and exceed 72% under all examined voltages and the highest was observed as 85% at 

0.6V vs. RHE (Figure 3b). Of note, these Faradic efficiencies are consistent with the ~92% H2O2 molar 

fraction estimated from RRDE due to different calculation protocols were used (up to ~ 17.2% 

theoretical difference).[25] Nevertheless, it was verified from both protocols that high H2O2 selectivity 

was obtained from a wide voltage range, suggesting Ni2Mo6S8 should be intrinsically active for 
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selective H2O2 synthesis. The control Mo6S8 catalyst, in contrast, exhibited much higher ORR current 

under the same voltages from 0.1 to 0.5V vs. RHE and the corresponding H2O2 Faradic selectivity 

were all merely 20% (Figure S10). Therefore, these results clearly establish that H2O2 is the principal 

ORR product from the Ni2Mo6S8 catalyst, making it a very promising for H2O2 synthesis using alkaline 

fuel cells. 

The use of 0.22 mg cm-2 as the optimal Ni2Mo6S8 catalyst loading was based on variations of 

ORR current and H2O2 molar selectivity as the catalyst loading was increased from 0.1 to 1.5 mg cm-2 

(Figure S11). The ORR current increased with higher loadings for loadings less than 0.30 mg/cm2 due 

to more available active sites and the H2O2 molar selectivity remained stable and was consistently 

higher than 90%. In contrast, both ORR current and H2O2 selectivity started to fluctuate and become 

inconsistent with loadings exceed 0.30 mg cm-2. This comparison suggests that under low catalyst 

loadings, the available active sites are likely all saturated by O2 and exhibited nearly exclusive H2O2 

selectivity whereas under higher loadings a portion of unsaturated active sites perhaps triggered 

side reactions that compromised H2O2 selectivity. On the other hand, optimal Nafion content was 

identified as 0.23 wt.% using electrodes with the same 0.22 mg cm-2 Ni2Mo6S8 loading (Figure S12).  

The stability of the Ni2Mo6S8 catalyst for continuous H2O2 production was evaluated for 10 

hours using RRDE setup at 0.5 V vs. RHE and 900 rpm (Figure 3c). The electrode was prepared with 

0.80 mg/cm2 Ni2Mo6S8 and 8.99 wt.% Nafion loading, which although has slightly compromised H2O2 

selectivity was necessary to ensure sufficient electrode mechanical stability as immobilizing large 

Ni2Mo6S8 particles under vigorous O2 bubbling and 900 rpm was challenging. The Pt ring electrode 

was cleaned every 4 hours to ensure sufficient activity on responding to H2O2. Overall, the disc 

current decayed from the initial 0.193 mA to 0.177 mA after 10 hours (92% retention) and the ring 

current decayed from the initial 0.070 mA to 0.062 mA after 10 hours (89% retention). The LSV 

profiles acquired during the stability test exhibited slight decays in ORR kinetic current (Figure 3f). 

Importantly, TEM analysis suggests that the aged catalyst had similar morphology and lattice 

parameter as pristine Ni2Mo6S8 (Figure 3d-e). The Raman resonance peaks from aged and pristine 

catalysts are also similar (Figure S13). Inductively coupled plasma atomic emission spectroscopy (ICP-

AAS) analysis of the electrolyte after a durability test did not show measurable Ni2+ concentration. 

These results suggest that the Ni2Mo6S8 catalyst has good material stability and did not underwent 

severe oxidation or decomposition. The slight decay in kinetic current was likely due to mechanical 

instability of the electrode as detached catalyst particles were consistently observed. Further 
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optimization of electrode architecture with stronger particle to particle binding should substantially 

improve durability for long operations.  

 

Figure 4: a) Schematic illustration of Ni-Mo6S8 electronic interactions in Ni2Mo6S8; b) Mo 3d and c) S 

2p high-resolution regional XPS spectra; d) comparison of RRDE profiles of Ni2Mo6S8 with Cu2Mo6S8 

and Zn2Mo6S8 electrocatalysts; e) comparison of mass-transport corrected kinetic current densities 

for H2O2 production on Ni2Mo6S8 (1600 rpm) with literature electrocatalysts based on RRDE 

measurements, including acidic electrocatalysts Pt1/SC,[11] and Pd-Au NPs [26]; and alkaline 

electrocatalysts Ni-N2O2/C [27], CNTs [9a], Fe3O4/G [28], TiO2
[29], Au NC [30], Co-CNT and Fe-CNT. [31] 

 

The above results outlined that Ni ions in the Ni2Mo6S8 catalyst played vital roles for highly 

selective 2e- ORR to H2O2, which in reference to prior theoretical studies can be rationalized as the 

ligand and ensemble effects of Ni on Mo6S8 clusters and the spatial confinement of the Chevrel 

phase structure.[32] The ligand effect refers to electron transfer from Ni to Mo6S8 and increase 

electron densities on Mo and S, which were verified with X-ray photoelectron spectroscopy analysis 

(XPS) that suggest Ni predominately assume the oxidized Ni2+ state and both Mo and S were partially 

reduced compared with the Mo6S8 catalyst (more pronounced Mo2+-subpeak and ~ 0.5 eV negative 

shift in S 2p binding energy, Figure 4 a-c, S14-15). Such changes in electron densities enhance 
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adsorption and dissociation of the proton donor H2O since binding energies of dissociation 

intermediates on Ni/Mo and S were stronger, and accelerate the proton-coupled O2 reduction to 

*OOH (O2 + * + H2O + e-  *OOH + OH-, * refers to active sites). The ensemble effect of Ni refers to 

Ni2+ as a key constitute of the active center motif and was revealed by comparing with the Cu2Mo6S8 

and Zn2Mo6S8 catalysts, as both catalysts have the same Chevrel phase structure but different metal 

cations and delivered smaller ORR catalyst and much lower H2O2 selectivity (Figure 4d, S16-17). The 

key role of Ni2+ was also verified with the control NiS electrocatalyst where similar ORR kinetic 

current and reasonably high H2O2 selectivity of ~ 65% were observed at low overpotentials (Figure 

S18). On the other hand, the unique atomic coordination of Ni, Mo and S in the Chevrel phase 

enhances H2O2 selectivity by spatially separating nearby active Ni centers to 6.26 Å with Mo6S8 

clusters. This distance is too large compared with the O-O distance of 1.44Å and hence is 

unfavorable for the binuclear O-O dissociation in *OOH. This is further supported by comparison 

with the NiS electrocatalyst (Ni-Ni distance 2.52 Å) where H2O2 selectivity quickly decreased at 

increased overpotentials due to accelerated O-O dissociation (Figure S18). The unfavorable O-O 

dissociation on the Ni2Mo6S8 catalyst was also discussed in prior theoretical simulations where 

stabilization of *O on either Mo or Ni was unfavorable and has high energy barrier.[32b] Overall, the 

synergy of these ligand, ensemble and spatial confinement effects modulate the oxygen reduction 

pathway toward the nearly exclusive H2O2 formation in alkaline electrolyte. 

The mass-transport corrected kinetic current density for H2O2 production (jk, H2O2) on the 

Ni2Mo6S8 catalyst was estimated using the Koutecky-Levich equation and was 1.5 mA cm-2 at 0.53 V 

vs. RHE, which is comparable or even better than the state-of the art nanocluster and single atom 

based electrocatalysts and electrocatalysts based on noble and/or toxic metals, demonstrating 

superior activity of Ni2Mo6S8 for H2O2 synthesis (Figure 4e, Table S2). Furthermore, we estimated the 

turn-over frequency (TOF) for H2O2 formation by assuming Ni was the only active site and all 

exposed Ni2Mo6S8 surface was active. The surface density of Ni active site was estimated as 

1.641014 cm-2 using the crystal facet model illustrated in Figure 1b (2 Ni sites per Mo6S8 cluster). On 

the basis of these assumptions and the electrochemical active surface area of Ni2Mo6S8 as 1.82 m2 g-1 

(Figure S19), the TOF for H2O2 formation was estimated as ~ 30 s-1 and this is among the highest 

compared with existing catalysts even including single atom catalysts.[13b] The high selectivity and 

fast TOF make the Ni-Mo6S8 active site motif as one of the most active non-precious electrocatalysts. 

Further advances on materials synthesis using novel precursors or structural templates that target 

Ni2Mo6S8 nanoclusters may significantly accelerate the development of such catalysts. The results 
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presented here provide new design principles for rational active sites motifs with earth abundant 

elements for sustainable and decentralized H2O2 production. 

 

 

Conclusion 

 

In summary, we demonstrate the Chevrel phase chalcogenide Ni2Mo6S8 as a new Earth-abundant 

catalyst for tuning electrocatalytic oxygen reduction specifically toward synthesizing H2O2. The 

Ni2Mo6S8 catalyst has unique active center motif that invokes synergistic ligand, ensemble and 

spatial effects between Ni and Mo6S8, which provides optimal binding with key reaction 

intermediates and effectively resists the undesirable O-O scission, leading to fast turn-over 

frequency for selective H2O2 synthesis in aqueous electrolytes. Both RRDE and chemical titration 

measurements confirm that the novel Ni2Mo6S8 catalyst provides highly efficient H2O2 production 

with > 90% molar selectivity at a wide potential range and a high yielding rate of ~ 90 mmol H2O2 gcat
-

1 h-1 despite of its very low surface area. This identification of Ni-Mo6S8 as a new type of noble-metal 

free active center motif for tuning oxygen reduction may unlock new opportunities in the search of 

practical catalysts for onsite decentralized production of low cost hydrogen peroxide.  
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A new active site motif based on Chevrel phase Ni2Mo6S8 for electrochemical synthesis of H2O2 with ~ 

98% molar selectivity. The activity originates from ligand and ensemble effects of Ni that promote 

H2O dissociation and O2 reduction to HOO*, and spatial effect that isolates active sites and inhibits 

O-O cleavage. The catalyst exhibited a high turn-over frequency of ~ 30s-1 and H2O2 production rate 

of 90 mmol gcat
-1h-1 
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