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I. Characterization of bare GLAD-ITO electrodes 

The 1 µm-thick GLAD-ITO electrodes were characterized by cyclic voltammetry (CV) in 1 M KCl at 

different scan rates. The cyclic voltammograms exhibit as the expected quasi-rectangular shapes for 

a purely capacitive behavior (Figure S1). From the linear relationship between the scan rate and the 

capacitive current, a capacitance of 350 µF·cm-2 was inferred. This value is lower than the one we 

previously reported for similar electrodes (i.e., 530 µF·cm-2).S1 By taking into account the intrinsic 

capacitance of commercial 2D ITO (i.e., 8 µF·cm-2), an electroactive surface area enhancement of 45 

was estimated for the GLAD-ITO film. 

 

Figure S1. Cyclic voltammetry of 1 µm-Glad-ITO compared to 2D ITO in 1 M KCl. A) CV of 1µm Glad-ITO at 0.02 

(purple), 0.05 (blue), 0.1 (cyan), 0.2 (olive), 0.4 (green) and 0.8 V.s
-1

(orange) compared to 2D ITO at 0.1 V.s
-1

 

(black dashed line). B) Evolution of the current density (normalized to the geometric electrode area) with the 

scan rate for 3D Glad ITO (red) and 2D ITO (blue). 

 

II. Preparation and characterization of MnO2-coated GLAD-ITO electrodes 

The MnO2-modified GLAD-ITO electrodes were prepared by potentiometric electrodeposition at a 

controlled anodic current (+0.3 mA·cm
-2

) in the same electrolyte used for later galvanostatic studies, 

namely an acetate buffer of pH 5 along with 0.1 M MnCl2 and 0.85 M KCl. The two-step procedure 

included a preconditioning CV (4 scans at 0.1 V s-1) to improve the adhesion of MnO2 via controlled 

nuclei formation. By simply adjusting the electrodeposition time, various thicknesses of MnO2 

deposits were obtained. The films were light to dark brown in color and homogeneous, implying a 

uniform MnO2 distribution. During MnO2 electrodeposition, the potentiometric traces present at the 

very beginning (over the first few seconds) included a typical potential bump, characteristic of the 

nucleation and growth process occurring at the beginning of MnO2 formation (Figure S2A). This bump 

is rapidly followed by a potential decrease to a constant value of 0.54 V, which remains stable for a 

short period. The potential then rises by 20 mV, reaching a new stable potential value (occurring at 

150 mC·cm2 for the 1-µm-thick GLAD ITO, as illustrated by the red curve in Figure S2A). This 20 mV 

potential increase does not occur when MnO2 is electrodeposited on planar ITO (black curve in Figure 

S2A). The onset of the potential increase is correlated with the GLAD-ITO thickness as the jump shifts 

to 90 and then 60 mC·cm-2, when the GLAD-ITO thickness decreases to 0.6 and then 0.3 µm, 

respectively (orange and blue curves, Figure S2A). 
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Figure S2. MnO2-GLAD-ITO electrode characterization. A) Galvanostatic electrodeposition at 0.3 mA·cm
-2

 

(preceded by a CV preconditioning step not presented) of the first MnO2 film in 1 M acetate buffer (pH 5) 

containing 0.1 M MnCl2. For each curve, the GLAD-ITO thicknesses were as follows: (blue) 0.3 µm, (orange) 0.6 

µm, and (red) 1 µm. For comparison, the galvanostatic charging curve (in black) recorded at a planar ITO 

electrode under the same conditions is overlaid. (B) Amount of Mn electrodeposited on GLAD-ITO as a function 

of the deposited charge (determined by ICP titration and normalized to the geometric electrode area). The 

dashed blue line corresponds to the linear regression with a slope of 0.306 ± 0.005 µgmC
-1

 (r
2
 = 0.998). (C) 

Absorbance difference, i.e. A = A500 - A700, as a function of electrodeposited mass of MnO2 (determined by 

ICP). The dashed red line corresponds to the linear regression with a slope of (15.7 ± 0.1) × 10
-3

 cm
2
µg

-1
 and an 

intercept of -0.02 ± 0.036 (r
2
 = 0.948). (D) Cross-sectional SEM image of a MnO2 film electrodeposited over a 1-

µm-thick GLAD-ITO electrode with a deposited charge of 800 mC·cm
-2

. The orange arrow delimits the 1-m-

thick GLAD structure, while the yellow arrow delimits the MnO2 layer that developed beyond the GLAD 

structure. (E) High resolution XPS spectrum of the Mn(3s) region recorded at a MnO2-GLAD-ITO electrode 

(charged at 400 mC·cm
-2

). The red and blue curves correspond to the two fitted components (BE = 4.6 eV). (F) 

High resolution XPS spectrum of the O(1s) region. The red, blue and green curves correspond to the three fitted 

contributions, attributed respectively to the Mn-O-Mn, Mn-OH and H-O-H bonds. 

 

After dissolution of the MnO2 film in nitric acid, the amount of Mn was determined by ICP-AES, an 

experiment we repeated for different deposited charges (Figure S2B). The areal concentration of Mn 

centers (mMn in gcm-2) linearly depends on the charge density Q (in mCcm-2) passed during the 

whole electrodeposition procedure. The data were modeled with a linear regression, leading to the 

following relationship: 

          
   

  
                       (S1) 

where MMn is the atomic weight of Mn (55 gmol-1), F the Faraday constant (96 485 Cmol-1) and n the 

average number of electrons passed per deposited Mn center. Eq. S1 can be easily converted into a 

surface concentration of MnO2,      
, by taking into account the molecular weight of MnO2 which 

leads to eq. 5 (see experimental section). Because of the low potential applied during the 
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galvanostatic step, we assume the faradaic contribution resulting from the oxidation of waterS2 

remains negligible, leading to 100% coulombic efficiency of the MnO2 electrodeposition. Thus, an n 

value of 1.86 can be deduced, which indicates a mix of MnIII and MnIV within the electrodeposited 

material, as previously observed under similar experimental conditions.S2,S3 

This n value is in good agreement with the average Mn oxidation state (AOS) of 3.75 estimated by 

XPS (eq. 7 in the experimental section) from the Mn 3s peak splitting energy (BE) of 4.6 eV (Figure 

S1E), and which is also in agreement with that previously reported for electrodeposited MnO2 

films.S3–S5 On the basis of the AOS of Mn and the absence of other cations in the structure, we can 

conclude that the chemical formula of the as-electrodeposited film is MnIV
0.75MnIII

0.25O2H0.25. In 

addition, the O(1s) spectrum (Figure S2F) displays three contributions at 529.4, 531.2 and 533.2 eV, 

which we have attributed to the Mn-O-Mn, Mn-OH and H-O-H bounds, respectively.S6,S7 The small 

contribution of Mn-OH compared to Mn-O-Mn corroborates the previous balance between MnIII and 

MnIV.  

The absorbance difference (A), determined under open circuit potential (OCP) by subtraction of the 

absorbance recorded at 700 nm from that recorded at 500 nm (in order to subtract the ITO and 

electrolyte contributions), follows a linear relationship as a function of the amount of 

electrodeposited MnO2 (     
, Figure S2C). The modeling of the experimental data, arising from 20 

independent electrodes, gives us the following linear relationship: 

           
                          (S2) 

The obtained gravimetric extinction coefficient is weaker than that previously determined from 

thinner MnO2 films (18.6 × 10-3 cm2 µg-1 with      
< 20 µg.cm-2) on 2D ITO,S3 probably because the 

linear approximation tends to lose its validity for high surface concentrations. Nevertheless, eq. 

S2allows a rough estimate of the low surface concentrations of MnO2 on the GLAD-ITO surface, 

which is typically observed at the end of a galvanostatic discharge. Thus, we are able to calculate the 

gravimetric capacity    of the MnO2 film at the end of a galvanostatic cycling experiment (see 

experimental section eq. 5). 

 

III. Electrochemical characterization of the MnO2-GLAD-ITO electrode in a pure KCl 

electrolyte 

The double-layer electrical capacitance of a MnO2-GLAD-ITO electrode loaded at 100 mC·cm-2 was 

investigated in a 1 M KCl electrolyte adjusted to pH 5.0. Under these conditions, the electrode 

exhibits the typical features characterizing the reversible charging/discharging of an electrical 

double-layer, showing a linear time-dependence of charge and discharge curves with the potential 

(Figure S3A). The high stability absorbance switching (between 0.76 and 1.35) together with the high 

Coulombic efficiency of 99.1 ± 0.2 % over 400 cycles also agrees with the charging/discharging 

behaviour of a true capacitance (Figure S3B). From these data, a specific gravimetric capacitance of Cf 

= 240 ± 5 Fg-1 is obtained (Figure S3C), which lies in the range of capacitances commonly reported 

for electrodeposited MnO2 thin-films.S8–S12 
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Figure S3. Galvanostatic discharging/charging experiment (400 cycles) at 0.5 mA·cm
-2

 of 1 µm-thick MnO2-

GLAD-ITO electrode in a 1 M KCl aqueous electrolyte (adjusted to pH 5), showing (A) potentiometric and B) UV-

visible absorptometric traces A = A500 - A700 . In (B), only the first 100 galvanostatic cycles are shown. (C) 

Evolution of the Coulombic efficiency and gravimetric capacitance as a function of the cycle number. 

 

IV. MnO2 conversion in the buffered electrolyte 

 

Figure S4. (A) Successive galvanostatic experiments (5 cycles) at 0.35 mA.cm
-2

 recorded at a 1-µm-thick MnO2-

GLAD-ITO electrode in a 1 M acetate buffer (pH 5) containing 0.1 MnCl2 and 0.85 M KCl and for different 

deposited charges of MnO2: (red) 100, (orange) 200, (green) 300, (cyan) 400, (blue) 600, and (purple) 900 

mC·cm
-2

 (only the 5
th

 cycle is represented). (B) Evolution of the Coulombic efficiency (averaged over 5 cycles) 

with the deposited charge. 
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