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§ S-1. Additional experimental details 

§ S-1.1 Synthesis 

Synthesis of MnO2 deposits. Plasma enhanced-chemical vapor deposition (PE-CVD) of MnO2 

was performed on porous Ni foams (Ni-4753, RECEMAT BV), endowed with a desirable open-

pore structure providing excellent mass transport and a large surface per unit area.1-2 In order to 

remove the native oxide formed upon air exposure and other eventual undesired impurities,1-4 Ni 

foams were pre-cleaned by sonication in dichloroethane (10 min), 3.5 M HCl (10 min) and ethanol 

(5 min), and finally dried under an Ar stream. 

The compound Mn(hfa)2TMEDA (hfa = 1,1,1,5,5,5-hexafluoro-2,4-pentanedionate; TMEDA 

= N,N,N’,N’-tetramethylethylenediamine),5-6 used as manganese molecular precursor, was heated 

at 70°C in an external glass vessel, and its vapors were transported into the reaction chamber by 

an Ar flow [rate = 60 standard cubic centimeters per minute (sccm)] through gas lines maintained 

at 130°C by means of external tapes. Additional Ar and O2 flows (rates = 15 sccm and 5 sccm, 

respectively) were separately introduced into the reactor through independent inlets. 

After each deposition, the deposited MnO2 mass was determined using a Mettler Toledo XS105 

DualRange microbalance. The average value obtained for 10 different depositions was (0.550.05) 

mg, indicating a high reproducibility of the adopted experimental conditions. 

In this work, two types of carbon nitride powders, involving the use of melamine (M) or 

cyanuric acid + melamine (CM) as starting precursors, were fabricated to yield systems with 

different active areas,7 following slight modifications of previously reported literature procedures. 

Synthesis of g-CN(M) powders.7 2.0 g of melamine (M – Sigma Aldrich) were finely grinded, 

dispersed in an alumina crucible, and pre-treated under Ar at 100°C for 30 min (heating rate = 

2°C/min) to remove residual moisture. The sample was subsequently annealed under Ar for 2 h at 

400°C, to promote melamine condensation to tri-s-triazine, and finally at 550°C for 4 h, to induce 

the polymerization to carbon nitride. After cooling to room temperature, yellowish powders [g-

CN(M)] were obtained.  

Synthesis of g-CN(CM) powders.8 Melamine (M – Sigma Aldrich; 1.0 g) and cyanuric acid 

(C – Sigma Aldrich; 1.0 g) were dissolved under sonication in 40 mL and 20 mL of 

dimethylsulfoxide (DMSO), respectively. After heating at 60°C, the C-containing suspension was 

added dropwise to the M-containing one under vigorous stirring, yielding a white suspension of 
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the supramolecular C+M complex (CM complex). After 10 min, the suspension was filtered, and 

the adduct was washed twice with 10 mL of ethanol. The resulting solid was heated under Ar for 

3 h at 50°C and, afterwards, for 2.5 h at 500°C, ultimately affording light brown powders [g-

CN(CM)]. 

Electrophoresis of g-CN on MnO2 deposits. Electrophoretic deposition (EPD) of carbon 

nitride on Ni foam-supported MnO2 deposits was carried out following a previous procedure.9 In 

particular, g-CN and I2 (40 and 10 mg, respectively) were finely grinded and suspended in acetone 

(50 mL). After sonication for 20 min, the suspension was utilized for EPD, using an applied 

potential of 5 V for g-CN(M) and of 10 V for g-CN(CM). In each process, the suspension was 

maintained under mild stirring, and an Agilent E3649A bench power supply was adopted to apply 

a fixed potential difference between the two electrodes. Before each deposition, carbon paper, 

employed as anode, was subjected to a pre-cleaning treatment with deionized water, isopropyl 

alcohol and acetone.  

Thanks to H+ ions formed through the following reaction: 

    (S1) 

g-CN particles acquire a positive charge, which favors their transport towards the cathode (in the 

present case, Ni foam-supported MnO2 systems).10 

§ S-1.2 Characterization 

FT-IR spectra were registered on a JASCO 4100 instrument in attenuated total reflectance 

(ATR) mode (PIKE IRIS ATR). The estimated uncertainty on the reported wavenumbers is  4 

cm-1. 

A Bruker AXS D8 Advance Plus diffractometer equipped with a Göbel mirror and a CuKα X-

ray source (λ = 1.54051 Å) powered at 40 kV, 40 mA was used for X-ray diffraction (XRD) 

measurements. The latter were carried out at the PanLab facility (Department of Chemical 

Sciences, Padova University) founded by the MIUR Dipartimento di Eccellenza grant “NExuS”. 

The estimated uncertainty on the reported 2θ values is  0.1°. 

Optical absorption spectra were collected on a Cary 50 (Varian) spectrophotometer (spectral 
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bandwidth = 1 nm), operating in diffuse reflectance mode. Band gap (EG) evaluation was 

performed using the Tauc equation [f(R)hν]n vs. hν, where f(R) is the Kubelka-Munk function and 

R is the reflectance, assuming the occurrence of allowed and indirect electronic transitions (n = 

½).7,11-13 

Raman spectra were recorded using a ThermoFisher DXR Raman microscope using a 780 nm 

laser (5 mW) focused on the sample with a 100x objective (Thermo-Fisher Scientific), obtaining 

a spot size of  1 μm. The estimated uncertainty on the reported Raman shift values is  5 cm-1. 

In the preparation of specimens for transmission electron microscopy (TEM) observations, due 

to the extreme fragility of g-CN nanostructures under ion beam irradiation, Pt and W were 

deposited to protect carbon nitride aggregates and obtain cross-section lamellaes (including Ni 

foam substrate, MnO2 and on-top g-CN) endowed with the adequate electron transparency. For 

high resolution TEM (HRTEM) investigation, two additional systems were prepared: i) a first one, 

by focused ion beam (FIB), is the thin lamella containing only Ni foam and MnO2, used for the 

analysis of MnO2 and MnO2/Ni foam interface; ii) a second specimen, by ultrasonication for 15 

min in ethanol and subsequent deposition on a TEM grid. This procedure enabled to obtain separate 

g-CN nanostructures for HRTEM analyses and tilting experiments. 

Electrocatalytic tests were performed both in the dark and upon illumination with a white light 

source (Philips LUMILEDS LXML-PWN1 0120; 220 lm, 700 mA).  

To perform a direct comparison of the electrocatalytic activity for the various specimens, 

current density (j) values (estimated uncertainty:  0.01 mA/cm2) were obtained by normalizing 

the measured currents to the geometric electrode area4,14 (1.2×1.5 cm2). In fact, BET measurements 

of the actual surface areas for supported nanosystems like the present ones are not feasible. In such 

cases, conventional N2 or Kr physisorption methods are not applicable, due to the extremely low 

mass of the active material with respect to the supporting substrate, as already reported.4 On the 

other hand, scratching of the deposited material from the substrate induces further uncertainties. 

In addition, material chemico-physical features, along with the inherent uncertainty in the 

estimation of double layer capacitance and specific capacitance,15-16 do not enable a consistent 

estimation of electrochemical active surface area (ECSA).  

Potential values vs. Hg/HgO (MMO) were converted into the reversible hydrogen electrode 

(RHE) scale using the following equation:17  

ERHE(V) = EMMO(V) + 0.059×pH + 0.111       (S2) 
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The overpotential for oxygen evolution (η) was calculated for the different specimens as:14,17-18 

η(V) = E10
RHE (V) - 1.23         (S3) 

where E10
RHE (V) is the potential at j = 10 mA/cm2, and 1.23 is the E0 value for O2 evolution, both 

on the RHE scale. 

The electrocatalyst turnover frequency (TOF) was evaluated using the relation:19-20 

TOF = (j×A) / (4×F×n)         (S4) 

where j is the current density at a given overpotential (η = 420 mV), A is the geometric electrode 

area (see above), F is the Faraday constant (96485 C×mol-1), and n are the moles of manganese on 

the electrode. The estimated uncertainty on the obtained TOF values is  0.210-3 s-1. 

Chronoamperometric (CA) analyses were performed at a fixed potential value of 1.65 V vs. 

RHE.  
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§ S-2. Additional characterization results 

§ S-2.1 Characterization of g-CN powders 

 

Figure S1. (a) FT-IR spectra, and (b) XRD patterns recorded in the Bragg-Brentano geometry for 

carbon nitride powders used as EPD precursors.  

In the recorded FT-IR spectra (Figure S1a), the broad band between 2900 and 3500 cm-1 was 

assigned to stretching vibrations of –OH groups at the edges of g-CN sheets21-22 and of primary 

and secondary amino-groups, whose presence, responsible also for the N-H deformation mode at 

885 cm-1,7,11,21,23 was confirmed by X-ray photoelectron spectroscopy (XPS). The higher intensity 

of the broad band in the 2900-3500 cm-1 spectral range for g-CN(CM) in comparison to g-CN(M) 

suggested that the former was characterized by a higher amount of amino groups. The bands at 

810 cm-1 and in the interval 1200-1600 cm-1 were assigned to breathing modes of triazine units 

and stretching modes of C-N heterocycles, respectively.7,11,24 

The XRD pattern of g-CN(M) powders (Figure S1b) was characterized by two signals at 2θ = 

13.3 and 27.2°, whereas for g-CN(CM) only a peak at 2θ = 27.0° was observed. The signal at 2θ 

= 27.0° was ascribed to the interplanar (002) stacking of g-CN sheets.7,11,25. The reflection at 2θ = 

13.3° for g-CN(M) was attributed to the packing of tri-s-triazine units in (100) crystallographic 

planes.23,25 Evaluation of the mean crystallite sizes by means of the Scherrer formula yielded 

values of (4.00.6) nm and (2.00.5) nm for g-CN(M) and g-CN(CM), respectively. 

T
ra

n
sm

it
ta

n
ce

 (
a

. 
u

.)

4000 3000 2000 1000

Wavenumber (cm
-1

)

 g-CN(M)

 g-CN(CM)

In
te

n
si

ty
 (

a
. 
u

.)

32282420

2 ()

(002)

In
te

n
si

ty
 (

a
.u

.)

55504540353025201510

2 ()

 g-CN(M)

 g-CN(CM)

(002)

(100)

(a)                 (b)



S8 

 

Figure S2. (a) Diffuse reflectance spectra, and (b) Tauc plots for carbon nitride powders. f(R) is 

the Kubelka-Munk function and R is the measured reflectance- 

Optical spectra of g-CN powders (Figure S2a) were characterized by the presence of a net 

reflectance decrease for  < 450 nm, due to g-CN interband electronic transitions. Optical band 

gaps (EG), calculated from Tauc plots (Figure S2b), were estimated to be (2.600.05) eV and 

(2.700.05) eV for g-CN(M) and g-CN(CM), respectively.26-27 The slightly higher value for the 

latter could be attributed to quantum confinement effects due, in turn, to the decreased crystallite 

size.7-8,12-13,28 
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§ S-2.2 Characterization of the obtained systems 

 

Figure S3. Field emission-scanning electron microscopy (FE-SEM) images at different 

magnification levels for a bare MnO2 specimen. 

 

Figure S4. Representative carbon and nitrogen energy dispersive X-ray spectroscopy (EDXS) 

elemental maps, recorded on the corresponding FE-SEM images, for two MnO2+g-CN(CM) 

specimens. 
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Figure S5. Raman spectra of MnO2-CM-180 and CM-180 specimens. 

Raman spectra for the different samples displayed qualitatively similar features. Figure S5 

reports the spectra of two representative systems. The spectral region comprised between 1250 and 

400 cm-1 is characteristic of the skeletal vibrations of nitrogen aromatic rings.29 In particular, the 

signals at 972 and 750 cm-1 can be assigned to the breathing mode of heterocyclic 

heptazine/triazine units30 and C−N−C bending vibrations, respectively.31-32 The peak at 1232 cm-

1 is typical of melon-like g-CN, formed by zig-zag chains of heptazine rings linked via –NH– units 

and laterally terminated by –NH2 groups, linked by H-bonds to yield layers.33 For specimen MnO2-

CM-180, the two additional signals at 572 and 633 cm-1 are attributed to Mn-O stretching 

vibrations of MnO6 octahedra in manganese dioxide lattice.32,34-36 
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Figure S6. XRD patterns recorded in glancing incidence mode (i = 2.0°) for representative 

specimens deposited on Ni foams.  

XRD patterns of both pristine and functionalized MnO2 samples (Figure S6) display one well-

detectable peak at 2θ = 37.2°, attributable to (101) planes of tetragonal β-MnO2, the equilibrium 

phase of manganese(IV) oxide at standard pressure and temperature.37-38 The weak and very broad 

reflection at 2θ = 28.5° can be ascribed to the β-MnO2 (110) signal,39 and, for composite systems, 

also to a further contribution from the stacking of (002) carbon nitride graphitic layers.7,11,25 In this 

regard, the weak diffracted intensity of g-CN cannot be traced back to the low mass of the 

functionalizing agent (see the deposited mass values in Figure 1, center bottom panel, of the main 

paper), but rather to its inherent structural disorder and defectivity, in line also with XPS data (see 

the main paper text).  

It is worth highlighting that the intensity of the peak at 2θ = 37.2° did not undergo any 

appreciable variation upon g-CN deposition, indicating that the EPD process preserved the features 

of the underlying β-MnO2 matrix.  
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Figure S7. High angle annular dark field-scanning TEM (HAADF-STEM) images of spherical 

mesoporous and donut-type g-CN particles for specimen MnO2-CM-45. The scale bar length 

corresponds to 2 m in all cases. The orthogonal tilting angles are indicated in each image; for the 

central image, no tilting has been applied. Such tilting experiments unambiguously confirm the 

spherical (3D) morphology of g-CN particles.  
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Figure S8. Low magnification HAADF-STEM image and corresponding STEM-EDXS elemental 

maps for specimen MnO2-M-180. The Pt signal is due to the protective layer deposited during FIB 

sample preparation. The right figure in the bottom panel displays a superimposed color image. 

 

  



S14 

 

Sample 
C0 C1 C2 

BE (C0) (eV) % (C0) BE (C1) (eV) % (C1) BE (C2) (eV) % (C2) 

M-180 284.8 73 286.2 7 288.2 20 

MnO2-M-180 284.8 67 286.4 11 288.4 22 

CM-45 284.8 20 286.2 20 288.3 60 

MnO2-CM-45 284.8 18 286.6 22 288.7 60 

Table S1. BE (eV) and % contribution of the various C1s components with respect to the overall 

C1s peak for g-CN and composite specimens supported on Ni foams. Color codes as in Figure 6c. 

Uncertainty on BE values:  0.1 eV; uncertainty on % values:  1%. 

Sample 

N1 N2 N3 N4 

BE (N1) 

(eV) 

% 

(N1) 

BE (N2) 

(eV) 

% 

(N2) 

BE (N3) 

(eV) 

% 

(N3) 

BE (N4) 

(eV) 

% (N4) 

M-180 398.6 70 399.9 19 401.2 6 404.2 5 

MnO2-M-180 398.8 69 400.1 16 401.4 10 404.4 5 

CM-45 398.7 54 399.9 27 401.2 15 404.2 4 

MnO2-CM-45 399.1 55 400.3 21 401.6 20 404.6 4 

Table S2. BE (eV) and % contribution of the various N1s components with respect to the overall 

N1s peak for g-CN and composite samples supported on Ni foams. Color codes as in Figure 6c. 

Uncertainty on BE values:  0.1 eV; uncertainty on % values:  1%. 
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Sample BE (Mn2p3/2) (eV) BE (Mn2p3/2) (eV) SOS (eV) 

MnO2 642.6 654.2 11.6 

MnO2-M-180 642.4 654.0 11.6 

MnO2-CM-45 642.2 653.8 11.6 

Table S3. BE (eV) of Mn2p spin-orbit components for the target specimens. SOS = spin-orbit 

splitting. Uncertainty on BE values:  0.1 eV. 

Sample BE [Mn3s(A)] (eV) BE [Mn3s(B)] (eV) MS (eV) 

MnO2 84.4 89.2 4.8 

MnO2-M-180 84.2 89.0 4.8 

MnO2-CM-45 84.0 88.8 4.8 

Table S4. BE (eV) of Mn3s components for the target specimens. MS = multiplet splitting 

separation. Uncertainty on BE values:  0.1 eV. 
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Figure S9. Surface O1s photopeaks for representative MnO2, carbon nitride, and composite 

specimens supported on Ni foams. 
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Sample 
O0 O1 O2 

BE (O0) (eV) % (O0) BE (O1) (eV) % (O1) BE (O2) (eV) % (O2) 

MnO2 529.9 60 531.5 40 - - 

M-180 529.6 40 531.4 60 - - 

MnO2-M-180 529.7 60 531.5 35 532.8 5 

CM-45 529.6 51 531.4 49 - - 

MnO2-CM-45 529.5 48 531.5 40 532.8 12 

Table S5. % contribution of the various O1s components to the overall O1s peak for representative 

MnO2, carbon nitride, and composite specimens supported on Ni foams. The average difference 

between BE (Mn2p3/2) (see Table S3) and component O0 of the O1s signal always yielded a mean 

value of 112.7 eV, as expected for MnO2.
40-41 Uncertainty on BE values:  0.1 eV; uncertainty on 

% values:  1%. 

The results obtained by O1s peak fitting are displayed in Figure S9 and summarized in Table 

S5. For specimens M-180 and CM-45, that featured an incomplete substrate coverage, band O0 

(BE = 529.6 eV) could be related to NiO from the Ni foam.42 As concerns manganese dioxide-

containing samples, band O0, due to lattice oxygen in MnO2,
40,43-46 underwent a negative BE shift 

for MnO2-M-180 (-0.2 eV) and MnO2-CM-45 (-0.4 eV) if compared to the pristine MnO2 (for 

which BE = 529.9 eV, in line with previous studies.47-48) The more marked shift for MnO2-CM-

45 was in line with the results obtained by the analysis of Mn2p and Mn3s signals (see the main 

paper text). 

Component O1 was assigned to -OH groups adsorbed on oxygen surface vacancies,34,47-51 

confirming the obtainment of defective specimens – an important issue to achieve favorable 

functional performances.34 For composite specimens (MnO2-M-180 and MnO2-CM-45), the third 

band (O2, BE = 532.8 eV) was assigned to the formation of C-O-Mn linkages, confirming that 

carbon nitride was chemically anchored to the underlying MnO2 deposits.44-47 The weight of band 

O2 underwent a nearly three-fold enhancement upon going from MnO2-M-180 to MnO2-CM-45 

(Table S5), indicating the presence of a higher number of C-O-Mn bonds in the latter case. This 

phenomenon, along with the more marked BE shifts of Mn and lattice O peaks observed for MnO2-
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CM-45 in comparison to MnO2-M-180, evidenced the occurrence of a more effective 

heterojunction for MnO2-CM-45 (see also the main paper text and Figure 11a). Taken together, 

the present outcomes account for the higher functional performances of g-CN(CM)-containing 

samples, as indeed observed. 

 

 

 

 

Figure S10. Photoluminescence spectra obtained from bare MnO2, CM-45 and MnO2-CM-45 

samples. On the basis of previous works,52-53 the PL spectrum results from two contributions, i.e. 

a first emission at  = 405 nm, corresponding to the δ* conduction band → carbon nitride lone 

pair (LP) transition, and a second one at  = 480 nm, attributed to the π* conduction band → LP 

transition. The relative contribution of these two signals directly influences the overall profile. 
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§ S-3. Electrochemical tests and related analyses 

A valuable estimation of the flat-band potential (Efb) can be obtained as follows,54 assuming a 

normal incident photon flux qp,0(λ). Photons passing through the semiconductor are progressively 

adsorbed so that, after a distance x from the interface, there are qp,0(λ)e−αx  photons left, where  

is the absorption coefficient (m-1). The electron-hole pair formation rate is given by: 𝑔(𝑥) =

αqp,0(λ)𝑒−𝛼𝑥. The photocurrent generated within the depletion layer (DL) can be obtained by 

integrating 𝑔(𝑥) over the whole DL width w: 𝑗DL = 𝑞 ∫ 𝑔(𝑥)𝑑𝑥 = 𝑞𝑒
w

0
qp,0(λ)[1 − e−αw], where 

the electron charge is denoted by qe. Thus, the total photocurrent can be expressed as: 

jtot = qeqp,0(λ) [1 −
e−αw

(1+αLp)
] + qep0Dp/Lp      (S5) 

where Lp (m) and Dp (𝑚2 ∙ 𝑠−1) are the hole diffusion length and diffusion coefficient, 

respectively, and p0 is the equilibrium hole density. Upon neglecting the photocurrent contribution 

due to hole diffusion from the bulk, jD = qep0Dp/Lp, and assuming αw ≪ 1, so that ex ≈ 1 − x ,  

the previous expression reduces to: 

jtot = qeqp,0(λ) [αw0(E𝑓𝑏 − 𝐸)
1/2

]       (S6) 

where w0 and E are the space charge width constant (mV-1/2) and the applied potential, respectively. 

Squaring both sides and rearranging equation (S6) leads to: 

Efb − E = (
jtot

qeqp,0(λ)αw0
)

2

         (S7) 

Hence, a plot of (jtot)
2 against potential intersects the x axis at the flat band potential (Efb). 
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Figure S11. Linear sweep voltammetry (LSV) curves registered in the dark for the indicated 

specimens. 

 

Figure S12. LSV curves for the bare MnO2 sample, and the uncoated Ni foam substrate, recorded 

under illumination.   
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Material Electrolyte 
j1.65 

(mA/cm2) 

η @  

10 mA/cm2 

(V vs. RHE) 

TOF × 

10-3 

(s-1) 

EWmax 

(VRHE) 

MnO2 

0.1 M KOH 

5.77 475 3.5 1.13 

MnO2-M-180 5.75 480 3.6 1.11 

MnO2-CM-20 6.97 440 5.2 1.02 

MnO2-CM-45 8.18 430 6.5 1.00 

MnO2-CM-180 6.76 450 4.8 1.04 

MnO2-CM-600 5.95 470 4.4 1.07 

Table S6. Representative OER electrochemical performance results for pure MnO2 and MnO2+g-

CN specimens under illumination: photocurrent densities at E = 1.65 V (j1.65) vs. RHE, 

overpotential (η), TOF, and potential of maximum efficiency (EWmax) corresponding to the 

maximum in applied bias photon-to-current efficiency (ABPE) curves in Figures 10a.  
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Material Electrolyte 
j1.65 

(mA/cm2) 

η @  

10 mA/cm2 

(V vs. RHE) 

Tafel 

slope 

(mV/ 

decade) 

Ref. 

MnO2 phosphate 

buffer (pH = 7) 

0.07 M 

5.0 a 460 b 105 
19 

MnO2@g-C3N4 7.0 a 420 b 90 

MnOx/C 
phosphate 

buffer (pH = 7) 

0.07 M 

1.5-3.5 a 450 b 145-150 55 

MnO2/B,O doped g-C3N4 0.1 M KOH 0.50-1.10 c n.a. n.a. 34 

MnO2 

1.0 M KOH 

 21.0 a 315 110 
35 

Co-MnO2@CNFs  135.0 a 279 75 

MnO2 

0.1 M KOH 

 1.1 a 630 144 
56 

MnO2/CNTs 7.5 a 440 67 

MnO2 1.0 M KOH  14.0 a 370 134 57 

MnO2 1.0 M KOH  10.0 a 420 88 36 

MnO2/CDs 1.0 M KOH  9.6-13.0 a 343-426 44-65 58 

MnO2/CDs 1.0 M KOH  48.0-56.0 a 325-352 73-84 59 

Table S7. OER performances of selected electrocatalysts based on MnO2 and carbon-based 

materials. a dark conditions; b @1 mA/cm2; c light conditions. CNFs = carbon nanofibers; CNTs = 

carbon nanotubes; CDs = carbon dots. n.a. = not available. 
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Material Electrolyte 
j1.65 

(mA/cm2) 

η @  

10 mA/cm2 

(V vs. RHE) 

Tafel slope 

(mV/decade) 
Ref. 

IrO2 1.0 M KOH 18.0 391 149 60
 

IrO2 1.0 M KOH 53.0 321 91 61
 

IrO2 0.1 M KOH 8.0 461 113 62
 

IrO2 

1.0 M KOH 

27.0 351 67 
63

 

RuO2 15.0 371 89 

RuO2 0.1 M KOH 17.0 391 71 64
 

RuO2 1.0 M KOH 13.0 411 74 65
 

Table S8. OER performances of selected IrO2 and RuO2 electrocatalysts operating in alkaline 

media. 
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Figure S13. CA measurements for MnO2 and MnO2+g-CN electrodes, registered at 1.65 V vs. 

RHE. 
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Figure S14. LSV curves recorded on as-prepared specimens (solid lines) and collected every 90 

days for six months upon sample storage under ambient conditions (dashed lines). 
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Figure S15. XRD patterns collected in glancing incidence mode (θi = 2.0°) after storing specimens 

under ambient conditions for six months, during which they were electrochemically tested every 

90 days.  

 

Figure S16. Representative FE-SEM image of MnO2-CM-45 after storing the specimen under 

ambient conditions for 6 months, during which the sample was electrochemically tested every 90 

days. 

XRD measurements on Ni foam-supported MnO2+g-CN samples after OER tests (Figure S15) 

revealed that the deposit structural features were preserved after electrochemical tests, indicating 

a good operational stability. In a similar way, FE-SEM analyses (see Figure S16) indicated that 

the morphology of composite systems did not undergo any major alteration. 
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Figure S17. EIS spectra, reported as Nyquist plots, for specimens MnO2 (a) and MnO2-CM-45 

(b). The lower charge transfer resistance under illumination in the case of sample MnO2-CM-45 is 

an indication of an effective MnO2/g-CN junction, leading to a better charge carrier separation. 
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