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Figure S1. (A) XRD profile of (a) rGO/Ni and (b) rGO; (B) Raman spectra of (a) rGO/Ni, (b) rGO 

and (c) GO; (C) FT-IR spectra of (a) rGO/Ni, (b) rGO and (c) GO;  (D) TGA curves of (a) rGO/Ni, 

(b) rGO and (c) GO.

As shown in Figure S1A, nickel ions were successful reduced to metallic nickel with face-

centered cubic structure characterized by d111 and d200 equals to 2.045 (44.3°) and 1.771 Å (51.6°), 

respectively [1]. Using the Scherrer equation a crystallite size of 44 nm is found for rGO/Ni. A 

broad peak is also observed at d100 = 2.099 Å (43.1°) attributed to rGO [2]. These XRD patterns 

demonstrate the simultaneous reduction of GO and Ni2+ in a single step.

The Raman spectra (Figure S1B) exhibit the D (1359 cm-1), G (1592 cm-1), D’ (1615 cm-1), 

G’ (2709 cm-1), D+G (2945 cm-1) and 2D’ (3201 cm-1) bands attributed to graphene-based materials 

[3]. As expected, the reduction of GO to rGO increase the D band intensity due the production of 



defects in the carbonaceous structure of the graphene as carbon vacancies and Stone-Wales defects 

[3].

The FT-IR spectra are shown in Figure S1C and confirm the reduction of GO. It is clear to 

observe the decrease in the intensity of the bands attributed to the surface functional groups of GO 

at 3570/3425/3190 (νOH), 2962/2920/2850 (νCH), 1726 (νC=O), 1625 (δH-O-H), 1574 (νC=C), 1402 (δC-

OH), 1220 (νC-O-C) and 1060 cm−1 (νC-O) [4]. However, the remaining of these bands indicate a partial 

reduction of GO to rGO. 

The thermogravimetric curves obtained in air atmosphere (Figure S1D) corroborates the FT-

IR data indicated by the decrease of the mass losses due to the GO functional groups, in the range of 

120 to 400 °C, after reduction, leading to C/O rates of 1.24 and 3.52 to GO and rGO, respectively. 

The metallic nickel content in rGO/Ni nanocomposite is 46.9 %. The TGA curves also show a mass 

increase beginning at 470 °C for rGO/Ni which is related to the nickel oxidation. A summary of the 

main events observed in TGA curves is shown in the Table S1.

Table S1. A summary of the main events extracted from the TGA curves. The temperature range in 

which  each event is observed is demonstrated in parenthesis

H2O/% Oxygenated groups/%
Oxygenated groups 

and/or carbon/%
Ni*/% NiO/%

rGO/Ni 5.3 (20-120 °C) ---- 47.8 (240-460 °C) 46.9 62.6 

rGO 7 (20-120 °C) 19.5 (120-400 °C) 68.6 (400-600 °C) ---- ----

GO 15.9 (20-120 °C) 36.6 (210-400 °C) 45.5 (400-600 °C) ---- ----

* – Ni % was estimated from NiO % extracted from TGA.



Figure S2. FEG-SEM image of Ni control sample.

Figure S3. EDS spectra of the rGO (a), rGO/Ni nanocomposite (b) and Ni (c).



Figure S4. FEG-SEM images of rGO (A,B), rGO/Ni (C) and Ni (D) thin films over ITO electrodes. 

The photographic images of the thin films are shown in the insets in (A) and (C).



Figure S5. Transmittance spectra of the films: (a) rGO/Ni; (b) rGO; (c) rGO/NiHCFe.
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Figure S6. NiHCFe (17.5º)/Ni (44.5º) intensity peak ratio as function of cycling of rGO/Ni in 0.1 

mol L-1 KCl, 1 mmol L-1 K3[Fe(CN)6] and pH 3.



Figure S7. X-ray diffractograms of rGO/NiHCFe as prepared (a) and after 100 cycles in 0.1 mol L-1 

KCl (b), NaCl (c) or LiCl (d). (e) X-ray diffractogram of the film re-cycled 100 times in 0.1 mol L-1 

KCl aqueous solution after the 100 cycles cycling in LiCl. 



Figure S8. FEG-SEM of rGO/NiHCFe after 100 cycles in 0.1 mol L-1 of KCl (A-C) and LiCl (D-

F).



Figure S9. Charge curves of rGO/NiHCFe in 0.1 mol L-1 aqueous solution of KCl (A), NaCl (B) 

and LiCl (C); (D) Charge curves of rGO in 0.1 mol L-1 KCl. Data collected at CD current densities 

of 0.4, 0.8, 1.6, 2.4, 4, 6, 8, 16, 32 and 58.8 A g-1 (curves from right to left, respectively - from 0.4 

A g-1 - black line -, to 58.8 A g-1 - brown line).



Figure S10. Relative capacity (%) as a function of CD cycles of rGO/NiHCFe film in 0.1 mol L-1 

aqueous solution of KCl (a), NaCl (b) or LiCl (c), and for rGO film in 0.1 mol L-1 aqueous solution 

of KCl (d), at 4.1 A g-1.

Figure S11. 10th cyclic voltammograms of rGO/NiHCFe before (a) and after (b) 2000 charge-

discharge cycles in 0.1 mol L-1 aqueous solution of (A) KCl, (B) NaCl or (C) LiCl. (D) Anodic peak 

current percentage after 2000 charge-discharge cycles.



Figure S12. 1st (a) and 2000th (b) discharge cycles of rGO/NiHCFe in 0.1 mol L-1 aqueous solution 

of (A) KCl, (B) NaCl or (C) LiCl, and of rGO in aqueous solution of 0.1 mol L-1 KCl (D).

Figure S13. Electrochemical impedance spectra of rGO/NiHCFe, performed in (A)  0.1 mol L-1 

aqueous solution of KCl and (B)  0.1 mol L-1 aqueous solution of NaCl before (a) and after (b) 2000 

charge-discharge cycles. The inset in (B) is the equivalent circuit adopted.



Figure S14. (A-C) FEG-SEM images of rGO/NiHCFe after 2000 charge-discharge cycles in 0.1 

mol L-1 KCl and (D-F) LiCl.
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