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S1. Preparation of activated MoS2 nanosheets: control experiments 

As explained in the main text, after mixing the MoS2 suspension with the reducing agent 

(hydrazine monohydrate) and heating at 70 ºC, some convection developed in the liquid 

and, several minutes later, the MoS2 nanosheets started to agglomerate and sediment. At 

the same time small gas bubbles were seen to rise through the liquid. The following control 

experiments allowed concluding that the gas bubbles were generated as a result of 

reactions between the MoS2 nanosheets and the reducing agent  

1) When the MoS2 dispersion was heated in the absence of hydrazine monohydrate, no 

bubbles or nanosheet agglomeration were noticed.  

2) When a solution of the reductant in isopropanol was heated in the absence of MoS2, 

no bubbles formed. 

3) When hydrazine monohydrate was added to isopropanol containing a large amount 

of bulk MoS2 powder at the bottom of the heated test tube, gas bubbles were seen to arise 

directly from the MoS2 material.  
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S2. Characterization of hydrazine-treated MoS2 nanosheets 

S2.1 Microscopic characterization 

 

Figure S1. Morphology of the MoS2 nanosheets after hydrazine treatment. Typical 

STEM images of flakes deposited from dispersions of: (a, b) MoS2-2%, (c, d) MoS2-4%, 

(e, f) MoS2-6% and (g, h) MoS2-10%. 

 

S2.2 Spectroscopic characterization 

 

 

Figure S2. Spectroscopic characterization of the hydrazine-treated MoS2 nanosheets. 

(a) UV-vis absorption spectra of MoS2 dispersions in isopropanol. (b) High resolution XPS 

Mo 3d and S 2s core level spectra and (c) Raman spectra of MoS2 films drop-cast from the 

corresponding dispersions. Color code: MoS2-1% (gray trace), MoS2-4% (red trace), 

MoS2-6% (green trace), and MoS2-10% (blue trace). 
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Explanation on the lack of transformation from 2H to 1T phase upon reducing 

treatment  

We note that the prospect of a 2H to 1T phase transformation upon hydrazine treatment in 

the MoS2 NSs was not unreasonable. In fact, this transformation is known to be triggered 

by the build-up of excess electrons in the MoS2 lattice [1,2] and a reducing agent like 

hydrazine can potentially donate electronic charge to the MoS2 NSs [3]. On the flip side, 

the 2H to 1T phase conversion in the MoS2 NSs can also be brought about by the presence 

of sulfur vacancies at a sufficiently large concentration [4,5]. However, such a phase 

conversion did not take place under the present conditions. It is quite likely that a much 

stronger reducing environment (e.g., the well-known treatment with n-butyllithium in n-

hexane) and/or larger numbers of sulfur vacancies are required to induce the structural 

phase transition in the material (the XPS S/Mo ratios of our hydrazine-treated materials 

indicate that moderate total numbers of sulfur vacancies are generated in this case).  

 

Limitations of the determination of S/Mo atomic ratios by XPS  

We note that the accuracy in determining atomic ratios by the XPS technique is somewhat 

limited. Therefore, making out differences between samples that have similar ratios (e.g., 

within 5%) is probably unrealistic. However, this did not prevent the technique from 

revealing a clear trend of decreasing S/Mo atomic ratio with increasing intensity of the 

hydrazine treatment. 
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S3. Additional data on the use of hydrazine-treated MoS2 nanosheets as catalysts of 

reduction reactions 

S3.1 Induction period 

Although not shown in Fig. 4b of the main text, an initial induction period of a few to 

several minutes was usually observed in the kinetic profiles for the reduction 4-NP with 

hydrazine, during which the absorbance value remained constant or changed very little. 

Fig. S3a shows the initial part of the recorded profiles including the induction period. Such 

an induction period has been attributed to oxidation of the reaction product back to 4-NP 

by oxygen molecules dissolved in the reaction solution, so that the concentration of 4-NP 

(and hence the absorbance at 400 nm) will only start to decline at a significant rate after all 

the dissolved oxygen is exhausted and a net conversion of 4-NP to 4-AP sets in [6]. The 

fact that shorter induction periods tended to be associated to those samples boasting shorter 

times to reaction completion (see combined results from Figs. 4b in the main text and S3a 

below) is in agreement with this interpretation, because the faster the rate of 4-NP 

reduction, the faster the consumption of dissolved oxygen can be expected to occur. 

 

Figure S3. Induction period for the reduction of 4-NP using hydrazine-treated MoS2 

as catalyst. (a) Initial part of the kinetic profiles (including the induction period) for the 

reduction of 4-NP using the starting MoS2 nanosheets (NSs) (black trace), MoS2-1% (gray 

trace), MoS2-2% (orange trace), MoS2-4% (red trace), MoS2-6% (green trace), MoS2-8% 

(cyan trace), and MoS2-10% (blue trace) as catalyst. (b) Initial part of the kinetic profiles 

for the reduction of 4-NP using MoS2-4% as catalyst after removal of dissolved oxygen 

from the reaction medium. 

Further support to this interpretation was provided by control experiments where dissolved 

gases were swept away from the reaction medium. This was done by bubbling an inert gas 
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(nitrogen) flow for half an hour through both the catalyst dispersion and the reagents 

solution before mixing them. Indeed, the induction period disappeared after oxygen was 

removed from the reaction medium, as can be seen in Fig. S3b, thus confirming its effect. 

S3.2. Monitoring of different reduction reactions 

Figure S4. UV-Vis absorption spectra of the reagents and products of different 

reduction reactions. Chemical structures and UV-vis absorption spectra obtained before 

and after the different reduction reactions where the hydrazine treated MoS2 NSs were 

tested as catalysts: (a) 4-nitroaniline (sepia trace) and p-phenylendiamine (gray trace); (b) 

methyl orange (orange trace) is first reduced to the corresponding azo product (not shown) 

[7], which is followed by -HN-NH- bond dissociation to yield N,N-dimethyl-benzene-1,4-

diamine and 4-amino-benzenesulfonate (violet trace) [8]; (c) methylene blue (blue trace) 

and its reduction product, leucomethylene blue (magenta trace) [9,10]. The wavelengths at 

the maxima of the substrates and their reduced counterparts are indicated in the figures. In 

all cases, the wavelength at the maximum of a band characteristic of the substrate was 

chosen to monitor the reduction reactions. 

The combined results of Fig. 4a of the main text and Fig. S5a below confirm the 

gradual conversion of 4-nitrophenolate into 4-aminophenol. Indeed, the UV–vis spectrum 

of the catalytic media gradually transforms from that of 4-nitrophenolate to that 

characteristic of the reduced product (see Fig. 4a). The gradual decrease in the intensity of 

the absorption band centered at ~400 nm (characteristic of 4-nitrophenolate, see Fig. 4a) 

and the simultaneous increase in the intensity of that centered ~ 295 nm (characteristic of 

the reduced product, see Fig. 4a) are indicated by the arrows in Fig. S5a for clarity. 

Analogously, the combined results of Fig. S4a and Fig. S5b, Fig. S4b and Fig. S5c, and Fig 

S4c and S5d confirm the gradual conversion of 4-NA, MO and MB, respectively, into their 

corresponding reduced counterparts. 
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Figure S5. UV-Vis absorption monitoring of different benchmark reduction 

reactions. UV–vis spectra of the catalytic media for the reduction of (a) 4-NP, (b) 4-NA, 

(c) MO and (d) MB. As the reaction progresses, the UV-vis absoption spectra traces vary 

from dark to light green in (a), from blue to dark yellow in (b), from darker to lighter blue 

in (c), and from dark brown to red in (d). The absorption maxima corresponding to the 

substrates and their reduced counterparts (see Fig. 4a in the main text and S4 above) are 

labeled in the spectra for clarity. The arrows indicate the decreasing and increasing trend of 

their intensities, respectively. 

S3.3. Fitting of the kinetic profiles and calculation of the apparent reaction rates   

As long as the number of catalytic sites is large enough in relation to the number of 

reactant molecules, i. e., as long as the progress of the reaction is not limited by the number 

of free catalytic sites available, the reaction rate v of the catalytic reduction of 4-NP with 

NaBH4 will depend on the concentrations of both reactants. This comes from the fact that 

the reactants have at least to meet for the reaction to occur. Such dependence is expressed 

as follows: 

b a 

c d 
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  [    ][     ]                                                           (1) 

, where k is the reaction rate constant. Hence, the global reaction order will be two. For a 

given [4-NP], the reaction rate v increases monotonically with [NaBH4] until a plateau is 

reached [11] at certain concentration [NaBH4]plateau. This means that, above a certain 

[NaBH4]/[4-NP] ratio, there will be always NaBH4 molecules nearby any 4-NP available to 

react and thus the reaction rate will only depend on [4-NP]. Here, NaBH4 was used in a 

sufficiently large excess to be within the plateau region and thus v is not dependent on the 

specific amount of reductant. Indeed, as specified in Materials and Methods section of the 

main text, [4-NP]=0.12 mM and [NaBH4]=72 mM, i.e., there is a 1:600 ratio. 

[NaBH4]plateau, which remains approximately constant during the reaction, can be integrated 

into a new constant kapp so-called apparent reaction rate constant: 

      [     ]                                                                                                           (2)                              

Thus, equation 1 can be rewritten as follows: 

   
 [    ]

  
     [    ]                                                                                          (3) 

And the kinetics of the reduction of 4-NP can be considered as pseudo-first order, as long 

as the number of catalytic sites is large enough in relation to the number of reactant 

molecules, as we said above. Integrating equation 3 over the reaction time: 

[    ]  [    ]                                                                                             (4) 

, where [4-NP]i and [4-NP]f are the 4-NP concentration at the initial and final instants of 

the reaction, respectively. This means that [4-NP] displays exponential decay dependence 

with time t for pseudo-first order kinetics. Thus, the apparent reaction rate constant kapp can 

be directly obtained as the exponent of the fitting [4-NP] vs. t data to an exponential decay 

function. Its units are of reciprocal time. 

Here, we have monitored the progress of the reaction by following the variation in the 

absorbance at an adsorption maximum characteristic of 4-NP (=400 nm). By the Beer-

Lambert’s equation, we can correlate the absorbance value obtained at an absorption 

maximum (Abs) of 4-NP with its concentration by the Lambert-Beer’s equation: 

Abs=b[4-NP]                                                                                                                     (5) 

, where b is the optical path and is the extinction coefficient at the wavelength of the 

absorption maximum for 4-NP. 

Thus, substituting (5) in (3): 

 

  

    

  
      

   

  
 

    

  
                                                                                  (6) 
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And integrating over time: 

                                                                                                                       (7) 

, where Absi and Absf are the absorbance recorded at the beginning and the end of the 

reaction, respectively. As clearly seen, the expressions for the dependence of concentration 

and absorbance versus time (equations 4 and 7, respectively) are analogous. The rate 

constant kapp is the very same coefficient of the exponent found in the fitting of absorbance 

versus time, i. e., we can either fit the concentration or the absorbance to an exponential 

decay function to directly obtain kapp. As can be seen in Fig. 4b in the main text and Fig. 

S6a below, the temporal evolution of the absorbance of the starting, untreated MoS2 

nanosheets suggested exponential decay dependence with time.  

 

 

 

Fig. S6. Kinetic profiles and their fitting to different kinetic models. Kinetic profiles 

using the starting MoS2 nanosheets (black trace) shown as (a) absorbance at 400 nm versus 

post-induction time and (b) natural logarithm of the absorbance of 4-nitrophenolate versus 

b a 

c 
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post-induction time. The fittings of (a) to an exponential decay function and (b) to a 

straight line are shown overlaid (red traces). The equation of the fitted exponential function 

is shown in red in (a), while the value of kapp deduced from the fittings is shown in both 

graphs. (c) Kinetic profiles of the reduction of 4-NP using the hydrazine-treated samples as 

catalysts: MoS2-1% (gray trace), MoS2-2% (orange trace), MoS2-4% (red trace), MoS2-6% 

(green trace), MoS2-8% (cyan trace), and MoS2-10% (blue trace). The linear fittings are 

shown as black traces overlaid on the corresponding profiles. The values of Kapp (the 

slopes of the linear fittings) for each profile are indicated with the same color code as the 

corresponding data sets. 

 

Let us thus fit the kinetic profile to an exponential decay function to calculate kapp. 

Traditionally, this has been done by linearizing the exponential equation 7 as follows: 

  
    

    
                                                                                                                 (8) 

And thus obtaining kapp as the slope of the linear fitting of LnAbs vs post-induction time 

[12-14]. This is shown in Fig. S6b where LnAbs data appear as a black trace and the linear 

fit of the data is shown overlaid as a red line. The regression coefficient of the fitting was 

greater than 0.99. However, there is no need for linearization, given that nowadays non-

linear fitting routines are so widely available in common data analysis software packages 

as linear fitting routines are. The direct fitting to an exponential decay function is shown in 

Fig. S6a as red trace overlaid on the experimental set of data (black trace). Of course, the 

resulting kapp is the same whether we linearize or not (2.7×10
-4

 s
-1

, as indicated in Figs. S6a 

and b) but the direct fitting is more straightforward and gives a better grasp of its quality at 

bare eye.  

By contrast, the kinetic profiles of the hydrazine-treated samples generally exhibited a 

linear decay (see Fig. 4b in the main text and Fig. S6c above), obeying the following 

equation: 

 [    ]

  
                                                                                                                       (9) 

As clearly seen, in this case, the reaction rate constant is equivalent to the reaction rate and 

its units are of concentration and reciprocal time. Once more, because NaBH4 was used in 

a large excess relative to 4-NP, its concentration could be reasonably assumed to remain 

constant throughout the reaction, and for this reason the corresponding term was not 

explicitly included in the right-hand side of eq. 9. The reaction was pseudo-zero-order with 

respect to [4-NP]. Integrating over time: 
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[    ]  [    ]                                                                                           (10) 

Thus, the slope of the linear fit of [4-NP] vs. t yields kapp. 

Again, we have monitored the reaction progress by measurement of the temporal evolution 

of the absorbance at an absorption maximum of 4-NP. Combining Lambert-Beer’s law (eq. 

5) with eq. 10: 

    

  
                                                                                                                        (11) 

Integrating over time: 

                                                                                                                   (12)                                

Thus, contrary to the case of the pseudo-first order kinetics, in this case we need to know 

the relation between Abs and [4-NP] to calculate kapp, i. e., we need to know the value of b 

and . As stated in the Materials and Methods section in the main text, the optical path b is 

1 cm in our UV-Vis spectrophotometer. The extinction coefficient for nitrophenolate at 

400 nm has been reported to be 17,500 cm
-1

 M
-1

 in the literature. We can either transform 

absorbance data into concentration first (multiplying by b) and then fit linearly [4-NP] vs. 

t to directly obtain kapp as the slope of the fitted line (eq. 10) or we can fir Abs vs. t and 

calculate kapp from the slope of the fitted line (eq. 12) by dividing into b). We have chosen 

the first option to display directly the values of kapp on the graph. While in Fig. 4b of the 

main text the profiles were expressed as the absorbance at 400 nm of the catalytic media 

versus post-induction time, the profiles in Fig. S6c above are shown as concentration of 4-

nitrophenolate versus post-induction time. We have selected the data for conversion below 

95 %. At higher conversions, near the end of the reaction, the concentration of the products 

would be high and the rate of the opposite reaction or other possible processes involving 

the products would have to be taken into account to calculate the global reaction rate. The 

linear fittings are overlaid on the profiles as black traces. The values of kapp of the kinetic 

profiles (the slopes of the linear fitting) are indicated in the graph using the same color 

code. The regression coefficients were 0.99 for MoS2-1%, MoS2-2%, and MoS2-4%, and 

MoS2-8%. The fittings were slightly worse for MoS2-6% and MoS2-8%, showing 

regression coefficients ~0.98, which is still acceptable according to the literature [13]. It 

must be noted that if the profiles of the hydrazine-treated were fitted to an exponential 

decay, the regression coefficient was lower or equal to 0.95 for any of them. This confirms 

that pseudo-zero order kinetics match them better than pseudo-first order kinetics, as was 

visible to the naked eyed. In contrast, if the kinetic profile obtained using the starting, 

untreated sample MoS2-0%, i. e., that shown in Fig. S6a was fitted as pseudo-zero order, 
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the regression coefficient was ~0.96, confirming it agreed better with pseudo-first order 

behavior, for which it showed a regression coefficient greater than 0.99, as said above. The 

characteristic kapp values for the hydrazine-treated materials were on the order of 10
-5

 mM 

s
−1

, as corresponds to their catalytic activity values (defined as number of moles of reactant 

converted per mole of catalyst used per hour) on the order of h
-1

 (see main text and Table 

S1 below). Specifically, they were 7.0×10
-5

 (MoS2-1%), 9.4×10
-5

 (MoS2-2%), 7.2×10
-5

 

(MoS2-4%), 4.8×10
-5

 (MoS2-6%), 5.0×10
-5

 (MoS2-8%), and 4.8×10
-5

 mM s
-1

 (MoS2-10%).  

 

S3.4 Catalytic activity of MoS2 and graphene nanostructures and non-noble metal-based 

catalysts for the reduction of 4-NP  

 

Table S1. Catalytic activity (defined as number of moles of reactant converted per mole of 

catalyst used per unit time) of the hydrazine-treated MoS2 NSs towards the reduction of 4-

NP compared with that of different types of MoS2 nanostructures, graphene-derived 

materials and catalysts based on non-noble metals reported in the literature. 

 

Catalytic system Catalytic activity 

(h
-1

) 

Ref. 

Hydrazine-treated MoS2 NSs 6.6 Present 

work 

Li-exfoliated 1T’-phase MoS2 NSs 44.4 11 

Hydrothermally synthesized MoS2 NSs supported onto Fe3O4 

particles 

2.4 15 

GMP-stabilized sonicated MoS2 NSs 2.6–7.8 16 

GMP-stabilized cathodically exfoliated MoS2 NSs 21.4 17 

Co-doped MoS2 NSs 8.4 18 

N-doped RGO foam 0.07 19 

RGO NSs capped with poly(diallyldimethylammonium chloride) 0.10 20 

Hydrothermally synthesized MoS2 NSs intercalated in pillared 

montomorillonite 

24 21 

Hydrothermally synthesized MoS2 NSs 21 22 

Bi2Te3−MoS2 heterostructure 67.2–100.8 22 

Hydrogel network with embedded Co nanoparticles (NPs) 16.2 23 



S14 

 

Ni nanoparticles on silica nanotubes 1.8 24 

Hybrid Ni nanoparticles/N doping carbon on diatomite 0.85 25 

Cu NPs on carbon microspheres 0.2 26 

Cu and Sn sponges/dendrites 1.2–1.8 27 

Co particles-decorated carbon microspheres 0.06–0.24 28 

Co nanocrystals on reduced graphene oxide (RGO) 0.6 29 

Ni NPs supported onto carbon black 26.4 30 

Nanostructured zero-valent iron  78 31 

Graphene stabilized CuNi nanocomposite 12 32 

MOF-derived Ni based N-doped mesoporous carbon 2.4 33 

Co NPs embedded in hierarchically porous N-doped carbon 

frameworks 

18 34 

Hexagonal Ni plates on RGO 0.44 35 

Hollow porous Cu particles from silica-encapsulated Cu2O 

nanoparticle aggregates 

3 36 

Co@BN core–shell nanoparticles 0.38 37 

Co NPs embedded into ordered mesoporous carbon 7.8 38 

NiO hollow nanospheres 4.2 39 

Ultrafine Cu2O nanoparticles on cubic mesoporous carbon 9.6 40 

Cu NPs on oxidized boron nitride 27 41 

Cu NPs immobilized by layered Ti3C2 MXene 51 42 

Cu and Co NPs doped N-containing carbon frameworks 63 43 

 

S3.5 Effect of GMP content on the recyclability 

Fig. 6d in the main text gathers the results of reusability experiments of GMP-MoS2-4% 

catalyst in the reduction of MO. This catalyst, as explained in Materials and Methods of 

the main text, was prepared from MoS2 dispersions in isopropanol by: 

1
st
) solvent transfer: two cycles of sedimentation were applied to the original dispersion in 

isopropanol via centrifugation (20000 g, 20 min), replacement of the supernatant liquid by 

an aqueous solution of the nucleotide and re-dispersion by a brief sonication treatment (2 

min).  

2
nd

) free GMP removal by sedimentation (20000 g, 20 min) and re-dispersion in water. 
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The effect of the GMP molecules adsorbed on the MoS2 surface has been already explored 

and discussed by us in a previous paper [17]. Indeed, the amount of GMP molecules 

adsorbed on the surface has been shown to have a significant effect on the catalytic activity 

of nucleotide-estabilized MoS2 nanosheets, and therefore, their amount has to be 

optimized. If the amount of adsorbed GMP is too large, poor catalytic activities are 

attained, due to obstructed access of the substrate molecules to the catalytically active sites 

of the material, similar to the effect that the organic ligand shell has on the general 

catalytic activity of colloidal metal nanoparticles [44] On the other hand, the colloidal 

stability of the NSs in the reaction medium is compromised when the amount of adsorbed 

GMP is too low, which also impacts negatively on the measured catalytic activities as a 

result of NS agglomeration. Thus, ideally, the amount of GMP should be the minimum 

amount needed to impart good colloidal stability in water.  

To explore the effect of the amount of stabilizer on reciclability, we have tried performing 

the tests on MoS2 NSs with the maximum GMP amount possible, i. e., omitting the 2
nd

 step 

in their preparation. The results of the ciclability tests are shown in Fig. S7. As can be 

ascertained by comparing Fig. 6d and Fig S7, a higher amount of GMP does not lead to an 

improvement. 

 

Fig. S7. Effect of GMP content on the recyclability. Reusability experiments of GMP-

MoS2-4% catalyst, where free GMP removal by sedimentation and re-dispersion in water 

have been omitted from its preparation, in the reduction of MO. 
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S3.6 MoS2 nanosheets as catalysts of nitroarene reduction reactions 

 

Fig. S8. Catalytic reduction of other nitroarenes. Kinetic profiles for the reduction of (a) 

nitrobenzene and (b) 2-nitroniline, using MoS2-4% (red trace) as catalyst. The kinetic 

profile for the reduction in the absence of catalyst (blank experiment) is also included 

(violet trace).  

S4. Hydrazine-treated MoS2 nanosheets as electrocatalysts for the HER 

The hydrazine-treated samples obtained by the present protocol became also more active 

towards the electrochemical HER. This was apparent from linear sweep voltammograms 

recorded in 0.5 M H2SO4 solution for different bare MoS2 nanosheets that were deposited 

onto glassy carbon electrodes shown in Fig. S8 below. Lower onset potentials (in absolute 

value) were measured for the hydrazine-treated samples relative to their untreated 

counterpart, demonstrating the improved activity of the former. 

 

Figure S9. Hydrazine-treated MoS2 nanosheets as electrocatalysts for the HER. Linear 

sweep voltammograms for different MoS2 NSs deposited onto glassy carbon electrodes: 

starting MoS2 NSs (black trace), MoS2-2% (orange trace), MoS2-6% (green trace) and 

MoS2-10% (blue trace). 
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While ascribing the catalytic activation of the MoS2 nanosheets upon hydrazine 

treatment to the generation of sulfur vacancies is plausible, an alternative explanation 

behind the observed behavior could arise from charge transfer processes taking place 

between the hydrazine molecules (or their decomposition products) and the nanosheets. 

Indeed, such a mechanism was previously shown to be in place for MoS2 nanostructures 

exposed to dilute hydrazine solutions at room temperature [45]. In that case, amine-type 

moieties dissociated from hydrazine and adsorbed on the MoS2 surface acted as electron 

dopants for the material. Albeit this doping effect was not strong enough to trigger a 2H to 

1T phase transition, it was deemed responsible for the improved performance of the MoS2 

nanostructures when used as an electrocatalyst for the HER. It is thus conceivable that a 

similar electron doping effect from hydrazine-derived species, rather than increased 

amounts of sulfur vacancies, could be driving the activation of the MoS2 nanosheets 

towards the reduction reactions reported here. However, the electron doping effect derived 

from hydrazine exposure should be associated to an adsorbed amine-type phase that would 

be readily detectable by XPS in the form of an intense N1s band at a binding energy of 

~400 eV [45]. As noticed from Fig. S9 below, such an intense band was not present in any 

of our hydrazine-treated MoS2 samples. In fact, the XPS signal recorded at 400 eV was 

virtually negligible even for the most extensively treated materials (i.e., sample MoS2-

10%), indicating that their enhanced activity in the reduction reactions and HER was not 

related to electron doping processes. 

 

 

Figure S10. Checking MoS2 surface for adsorbed hydrazine by XPS (a) XPS of 

nitrogen species in hydrazine-treated MoOx/MoS2 core-shell nanowires where hydrazine 

molecules (or their decomposition products) adsorbed on the MoS2 surfaces and acted as 

electron dopants. The adsorbed amine-based phase appeared as an intense N 1s band at 

binding energy of ~400 eV. This figure was taken from Supplementary Information of 
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Efficient hydrogen evolution in transition metal dichalcogenides via a simple one-step 

hydrazine reaction by D. R. Cummins et al, where it appears as Supplementary Figure 11b. 

It is licensed under a Creative Commons Attribution 4.0 International License. (b) 

Background-subtracted, high resolution XPS spectra of the Mo 3p3/2 and N 1s binding 

energy range for films drop-cast from dispersions of MoS2-1% (gray trace), MoS2-2% 

(orange trace), MoS2-4% (red trace), MoS2-6% (green trace), MoS2-8% (cyan trace), and 

MoS2-10% (blue trace). The absence of an intense N 1s signal allows discarding charge 

transfer processes between the hydrazine molecules (or their decomposition products) and 

the NSs as the origin of the catalytic activation of the MoS2 NSs. 
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