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Wet-jet milling apparatus and process

Figure S1 reports the schematic illustration of the wet-jet milling (WJM) apparatus,1,2 showing the 

flow of the WJM-exfoliation process (as detailed in Experimental section of the main text). The close-

up view of the processor is also illustrated. The detailed description of the WJM apparatus and process 

is reported in the main text (Experimental section).

Figure S1. Schematic illustration of the wet-jet milling (WJM) apparatus and process, 
comprising three main building blocks: the piston, the processor and the chiller. The close-up view 
of the processor is also shown. The zoomed parts of the processor show the channels configuration 
and the disks arrangement. The fluid path is indicated by the white arrows. On the right side, a top 
view of the holes and channels on each disk. The disks A and Ā have two holes of 1 mm in diameter, 
separated by a distance of 2.3 mm from centre to centre and joined by a half-cylinder channel of 0.3 
mm in diameter. The thickness of the disks A and Ā is 4 mm. The disk B consists of a 0.10 mm nozzle 
and it is the core of the system. The thickness of the disk B is 0.95 mm.



Raman statistical analysis of the WJM-produced single- and few-layer graphene flakes

The Raman spectrum of graphene produced by liquid phase exfoliation shows, as fingerprints, G 

(~1585 cm-13,4), D (~1380 cm-1[1],[2]), D’ (~1620 cm-15) and 2D (~2700 cm-14) peaks.4,6,7,8,9,10 The G 

peak, positioned at ∼1585 cm-1, corresponds to the E2g phonon at the Brillouin zone centre.4,6 The D 

peak is due to the breathing modes of sp2 rings and requires a defect for its activation by double 

resonance.3,11,12 Double resonance happens as an intra-valley process, i.e., connecting two points 

belonging to the same cone around K or K’,4,6,7 giving origin to the D’ peak.4,6, 7 The 2D peak is the 

second order of the D peak, 4,6,7 and it appears also in the absence of D peak, since no defects are 

required for the activation of two phonons with the same momentum, one backscattered from the 

other.13,14 Moreover, the 2D peak is a excitation wavelength-dependent single peak (centred at ∼2680 

cm-1 at excitation wavelength of 514 nm) for single-layer graphene (SLG),6,4,7 whereas is a 

superposition of multiple components, the main being the 2D1 and 2D2 components, for few-layers 

graphene (FLG).4,6,7 In graphite, the intensity of the 2D2 band is twice the 2D1 band,4,6,15 while for 

graphene the 2D band is a single and sharp Lorentzian band,6 which is roughly four times more intense 

than the G peak.6 Taking into account the intensity ratio between 2D1 and 2D2 –I(2D1)/(I(D2)–, it is 

possible to estimate the flake thickness.16 

Figure S2 reports the Raman spectroscopy analysis of the measurements performed on the wet-jet 

mill (WJM)-produced SLG/FLG flakes. Figure S1a shows that I(D)/I(G) ranges from 0.1 to 1.2. 

Pos(G) and FWHM(G) range from 1578 to 1583 cm-1 (Figure S1b) and from 14 to 25 cm-1 (Figure 

S1c), respectively. 

Figure S2. Raman statistical analysis or WJM-produced SLG/FLG flakes. a) I(D)/I(G); b) 
Pos(G); c) FWHM(G).



X-ray photoelectron spectroscopy of WJM-produced SLG/FLG flakes

X-ray photoelectron spectroscopy (XPS) measurements were carried out on the as-produced flakes 

to ascertain their chemical composition. Figure S3 reports the C 1s spectrum of WJM-SLG/FLG 

flakes, which can be decomposed into different components. The main one peaks at 284.4 eV and is 

referred to as C=C (sp2) of graphene flakes,17,18,19 with the corresponding feature due to -* 

interactions at 290.8 eV.17,18,19 The component centred at 284.8 eV refers to the C-C (sp3)19,20 and is 

due to flake edges and organic solvent residuals, as well as to environmental contaminations 

(adventitious carbon).21 The other two weak contributions peaking at binding energies of 286.3 eV 

and 287.7 eV, can be ascribed to C-N (or C-O) and C=O groups, respectively.22,23 Their origin is 

ascribed to residual NMP molecules,22,23 whose presence is confirmed by the N 1s spectrum (inset to 

Figure S3) at 400.0 eV corresponding to amide groups (-N-(C=O)). These results proved that WJM 

technique is effective for producing SLG/FLG dispersion in NMP, in agreement with our previous 

studies.1 
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Figure S3. X-ray photoelectron spectroscopy analysis of WJM-produced SLG/FLG flakes. C 
1s and N 1s (inset panel) spectra of the SLG/FLG flakes. In the main panel, the C 1s spectrum 
deconvolution is also shown, evidencing the bands ascribed to C=C, C-C, C-N, C=O and π-π*.



Morphology analysis of the supercapacitor electrodes 

Figure S4 reports the morphology analyses of the supercapacitor (SC) electrodes. More in detail: 

panels a-e show representative cross-sectional SEM images of the SC electrodes; panels f-j report 

the Kr physisorption isotherm curves, Brunauer, Emmett and Teller (BET) plots (inset panels) and 

specific surface area calculated by BET analysis (SSABET) of the electrodes; panels k-o display the 

pore size distributions and D-values (D10, D20 AND D90, corresponding to the intercepts for 10%, 

20% and 90% of the cumulative mass) of the electrodes. The detailed discussion of the data is 

reported in the main text (Supercapacitors fabrication and characterization section).



Figure S4. Morphology analysis of SC electrodes. Cross-sectional SEM images of a) AC, b) 
AC:SLF/FLG (90:10), c) AC:SLG/FLG (80:20), d) AC:SLG/FLG (50:50) and e) SLG/FLG 
electrodes. f-j) Kr physisorption isotherm curves, BET plots (inset panels) and calculated SSABET of 
the electrodes. k-o) Pore size distributions and D-values (D20, D50 and D90, corresponding to the 



intercepts for 20%, 50% and 90% of the cumulative mass) of the electrodes. The inset panels k and 
o show the enlargements of the pore size distribution of the graphene electrode in the pore size 
ranges of 0.65–1.5 nm and 4.5–8.5 nm, respectively. The measurements shown on each line 
correspond to the same electrodes imaged by SEM.



Supplementary cyclic voltammetry analysis

Figure S5a,b show the cyclic voltammetry (CV) curves at various voltage scan rates (ranging from 

0.01 to 50 V s-1) measured for SLG/FLG-based SC, which still exhibits a capacitive behaviour at a 

voltage scan rate as high as 50 V s-1. Figure S5c shows the CV curves at 50 V s-1 for AC- and 

AC:SLG/FLG-based SCs, which display resistive performance (Figure S5c).

Figure S5. a,b) CV curves of SLG/FLG-based SCs at various voltage scan rates (ranging between 
0.01 and 1 V s-1 in panel a, 2 and 50 V s-1 in panel b. c) CV curves of AC:SLF/FLG-based SCs at a 
scan rate of 50 V s-1.
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