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S1. Survey XPS spectra and C/O content for GQDs. 

 

 

 

 

 

 

 

Figure S1. Survey XPS for GQDs. Table S1 shows element identification providing 

name, FHWM, peak area and atomic percentage.  
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S2. Corresponding electron diffraction simulation for NaO2, Cu, CuO, Ni, and 

NiO. 

 

 

 

 

Figure S2. Electron diffraction simulation for Na2O, Cu, CuO, Ni, and NiO. Table 

S2 shows simulated electron diffraction hkl planes. Scale bar corresponds to 5 𝐴̇-1. 
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S3. XRD for GQDs and NaOH. 

 

 

 

 

 

 

 

 

 

 

Figure S3. XRD spectra for as-prepared GQDs (black) and NaOH (red). 
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S4. Raman spectra for GQDs. 

 

 

 

 

 

 

 

 

 

 

Figure S4.  Raman spectra for as-synthesized GQDs. 
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S5. Additional AFM images and profiles of single and bilayer GQDs. 

 

 

 

 

 

 

 

 

 

 

Figure S5. AFM images and profiles of bilayer and multi-layered GQDs. 
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S6. The Table S3 shows particular information about the product evolved from the 

control experiment # 1 (CN1) 

 

 

 

 

 

 

 

 

 

Table S3. The Table shows the observed diffraction spots, their lattice spacing, and 

the angles between them for CN1 shown in Fig. 5 B in the main paper. 
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S7. The Table S4 shows particular information about the product evolved from the 

control experiment # 2 (CN2) 

 

 

 

 

 

 

 

 

 

 

 

Table S4. The Table shows the observed diffraction spots, their lattice spacing, and 

the angles between them for CN2 shown in Fig. 6 B in the main paper. 
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S8. Amorphous Carbon Nanoparticles and Multi-walled Carbon Nanotube 

obtained in Control #2 (CN2). 

 

 

 

 

 

 

 

 

 

 

 
 

Figure S6. Amorphous Carbon Nanoparticles (A) and Multi-walled Carbon 

Nanotube (B) obtained in Control # 2 (CN2). 
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S9. Ethanol electro-oxidation in alkaline media with G/Ni Foams as WE. 

Here we briefly study the electro-oxidation of ethanol in alkaline media using 

Graphene/Nickel Foam as working electrode and a platinum wire as counter with 

respect an Ag/AgCl reference electrode. Electro-oxidation of ethanol in alkaline media 

with nickel electrodes has been developed by Fleischmann and collaborators1,2 around 

1971-72, they laid down the foundation in our comprehension of this mechanism, 

extremely important  for DEFC (Direct Ethanol Fuel Cells) and recently in the synthesis 

of graphene and carbon quantum dots in alkaline media. According to Fleischmann et al 

the electro-oxidation of simple chain alcohol in such circumstances it's a 4 𝑒−  mediated 

process, this process involves the formation of oxides in the working electrode as a 

reversible process and some radical intermediates. 

-------------------------------------------------------------------------------------------------------------------- 

1) 𝑂𝐻−  + 𝑙𝑜𝑤𝑒𝑟 𝑜𝑥𝑖𝑑𝑒 
𝑓𝑎𝑠𝑡→
⇔    ℎ𝑖𝑔ℎ𝑒𝑟 𝑜𝑥𝑖𝑑𝑒 + 𝐻2𝑂 + 𝑒

−  

2) (𝑜𝑟𝑔𝑎𝑛𝑖𝑐 𝑠𝑢𝑏𝑠𝑡𝑟𝑎𝑡𝑒)𝑠𝑜𝑙  
𝑜𝑛 ℎ𝑖𝑔ℎ𝑒𝑟 𝑜𝑥𝑖𝑑𝑒
⇔            (𝑜𝑟𝑔𝑎𝑛𝑖𝑐 𝑠𝑢𝑏𝑠𝑡𝑟𝑎𝑡𝑒)𝑎𝑑𝑠 

3) 𝐻𝑖𝑔ℎ𝑒𝑟 𝑂𝑥𝑖𝑑𝑒 + (𝑂𝑟𝑔𝑎𝑛𝑖𝑐 𝑆𝑢𝑏𝑠𝑡𝑟𝑎𝑡𝑒 )𝑎𝑑𝑠
∗
⇒ 𝑙𝑜𝑤𝑒𝑟 𝑜𝑥𝑖𝑑𝑒 + 𝑟𝑎𝑑𝑖𝑐𝑎𝑙 𝑖𝑛𝑡𝑒𝑟𝑚𝑒𝑑𝑖𝑎𝑡𝑒 

* 𝑟𝑎𝑡𝑒 𝑑𝑒𝑡𝑒𝑟𝑚𝑖𝑛𝑖𝑛𝑔 ℎ𝑦𝑑𝑟𝑜𝑔𝑒𝑛 𝑒𝑥𝑡𝑟𝑎𝑐𝑡𝑖𝑜𝑛 

4) 𝑅𝑎𝑑𝑖𝑐𝑎𝑙 𝐼𝑛𝑡𝑒𝑟𝑚𝑒𝑑𝑖𝑎𝑡𝑒 + (𝑛 − 1)ℎ𝑖𝑔ℎ𝑒𝑟 𝑜𝑥𝑖𝑑𝑒

𝑦𝑖𝑒𝑙𝑑𝑠
⇒    (𝑛 − 1)𝑙𝑜𝑤𝑒𝑟 𝑜𝑥𝑖𝑑𝑒 + 𝑝𝑟𝑜𝑑𝑢𝑐𝑡 

---------------------------------------------------------------------------------------------------------- 

This is a general route for the electro-oxidation of simple chain alcohols in alkaline 

media, with different metal catalyst. In recent years Barbosa et al3 take this same 

approach and using an FTIR they determined the different participants involved in the 

electro-oxidation of ethanol on polycrystalline nickel in alkaline media; according to 

their findings we can establish: 

Lower oxide    = Ni (OH)2 = Nickel Oxide (II) 

Higher Oxide    = NiO (OH) = Nickel oxide hydroxide 

Organic Substrate   = CH3CH2OH = Ethanol 

Radical Intermediate  = CH3CHO = Acetaldehyde 

Product   = CH3COOH = Acetic Acid (Acetate for pH>10) 

Yielding the next 5 equations for the electrode dynamics: 

1) 𝑂𝐻−  + Ni(OH)2
𝑓𝑎𝑠𝑡→
⇔    NiO(OH) + 𝐻2𝑂 + 𝑒

−  

2) (CH3CH2OH)𝑠𝑜𝑙  
𝑜𝑛 ℎ𝑖𝑔ℎ𝑒𝑟 𝑜𝑥𝑖𝑑𝑒
⇔            (CH3CH2OH)𝑎𝑑𝑠 

3) NiO(OH) + (CH3CH2OH )𝑎𝑑𝑠
∗
⇒Ni(OH)2 + CH3CHO 
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* 𝑟𝑎𝑡𝑒 𝑑𝑒𝑡𝑒𝑟𝑚𝑖𝑛𝑖𝑛𝑔 ℎ𝑦𝑑𝑟𝑜𝑔𝑒𝑛 𝑒𝑥𝑡𝑟𝑎𝑐𝑡𝑖𝑜𝑛 

4) CH3CHO + (𝑛 − 1)NiO(OH)
𝑦𝑖𝑒𝑙𝑑𝑠
⇒   (𝑛 − 1)Ni(OH)2 + CH3COOH 

5) CH3COOH + OH
−

𝑦𝑖𝑒𝑙𝑑𝑠
⇒   CH3COO

− 

Now we can establish a direct correlation between experimental data and the theory 

behind ethanol electro-oxidation, for that purpose we perform different cycle 

voltagramm in a 3 electrode set -up for the electro-oxidation of ethanol. Figure S1A 

shows a schematic of the experimental set-up. Graphene/Nickel (Nickel) Foam is used 

as a working electrode and a platinum wire as counter electrode. The reference voltage 

is set trough an Ag/AgCl reference electrode. Figure S7B shows a cyclovoltammetry 

measurements of ethanol electrooxidation on Graphene/Nickel (Nickel) foams. Control 

group without ethanol is added for completeness. Ethanol can be electro oxidized to 

Acetate in a 0.55-0.85 V window with respect to an Ag/AgCl reference electrode on a 

G/Ni or Ni foam as a working electrode. The presence of Nickel Oxides is critical to the 

electro-oxidation of ethanol because these oxides are participants in all the redox 

reactions. The incorporation of Graphene is enhancing the amount of ethanol oxidized 

but shifts the over potential for electro-oxidation.  

 

 

 

 

 

Figure S7. (a) Scheme showing 3-electrode set-up electrochemical station 

comprised of graphene grown on Ni foam (anode), Pt as a cathode, and Ag/AgCl 

reference electrode immersed in 1.0 M NaOH and 0.5 M ethanol (A). Cyclic 

voltagramm of graphene grown on Nickel (Nickel) Foam and the corresponding 

control experiments in the absence of graphene and ethanol. 
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