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SUPPLEMENTARY DISCUSSION

Control of defect density levels on the GO

The Fourier transform infrared spectroscopy (FT-IR) showed diminished oxygen-related peaks 

including O-H (~3200-3400 cm-1), C=O (1725 cm-1), C-OH (1380 cm-1), C-O-C (1185 cm-1), and 

C-O (1045 cm-1), as the pristine GO was more reduced (Figure S2a). From the X-ray diffraction 

(XRD) spectra, it is revealed that the interlayer distance of reduced GO becomes narrower than 

that of the pristine GO (from 8.1 Å to 3.2 Å) (Figure S3). With regard to the morphology of the 

rGO, the lateral size was consistently maintained, although more reduced GO has a wrinkled 

structure compared to the initial state (Figure S4).

Ab initio computations

We first obtained the equilibrium lattice parameters and atomic positions of single-layer graphene. 

Upon making a supercell with 50 carbon atoms, defects were introduced to the graphene at the 

fixed (pristine graphene’s) lattice parameters (Figure S17). The defect types included ketone-type 

oxygen adsorbates and hydroxides adsorbed on a carbon vacancy. The defect concentrations of 1 

defect per 50 carbon atoms and 2 defects per 50 carbon atoms were specifically compared. For the 

latter defect concentration, three distinct defect configurations were pre-relaxed in terms of ionic 

positions, and the lowest-energy configuration was selected for the subsequent Mg adsorption. In 

order to account for more realistic defect densities, we also prepared modelled graphene oxides 

with the ratio of oxidized carbon to non-oxidized carbon at 3:7 and 5:5.
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On the graphene derivatives, each Mg was added and relaxed in terms of ionic positions at the 

fixed graphene lattice parameters. To determine where Mg adsorbs on the defected and pristine 

graphene, we compute 50 distinct configurations for the first Mg added, and selected the lowest 

energy configuration. On the fully relaxed Mg-adsorbed graphene derivatives, each additional Mg 

was added by computing 39 distinct configurations and selecting the lowest energy configurations. 

Up to 15 Mg atoms were added to the prepared graphene derivatives. The average adsorption 

energy and the free energy of the Mg particle for all the configurations were plotted in Figure S18.

Classical nucleation theory formalism

The chemical potential of magnesium adsorbed on graphene is computed using ab initio 

calculations as the following:

𝜇(𝑀𝑔 @ 𝐶) =
[𝐸(𝑛 𝑀𝑔 𝑜𝑛 𝑑𝑒𝑓𝑒𝑐𝑡𝑒𝑑 𝑔𝑟𝑎𝑝ℎ𝑒𝑛𝑒) ‒ 𝐸(𝑑𝑒𝑓𝑒𝑐𝑡𝑒𝑑 𝑔𝑟𝑎𝑝ℎ𝑒𝑛𝑒)]

𝑛
‒ 𝑇𝑆(𝑥)

where n stands for the number of Mg adsorbed, T the temperature and S(x) the configurational 

entropy. Since the experimental synthesis occurred at room temperature, T was set to 298 K. The 

configurational entropy S(x) was computed as the following:

𝑆(𝑥) = ‒ 𝑘𝐵[ln 𝑥 +
(1 ‒ 𝑥)ln (1 ‒ 𝑥)

𝑥 ]

where x stands for the Mg concentration defined simply as . All 
𝑥 =

𝑛
#𝐶 𝑎𝑡𝑜𝑚𝑠 𝑜𝑛 𝑔𝑟𝑎𝑝ℎ𝑒𝑛𝑒 𝑢𝑛𝑖𝑡 𝑐𝑒𝑙𝑙

other contributions to the entropy are neglected, since the operating temperature is fixed to be at 
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room temperature. The free energy of the Mg cluster is then obtained using the following equation, 

with  fixed at x=8/50 concentration. 𝜇(𝑀𝑔 @ 𝐶)

Δ𝐺(𝑛) = 𝐸(𝑛 𝑀𝑔 𝑜𝑛 𝑔𝑟𝑎𝑝ℎ𝑒𝑛𝑒) ‒ 𝐸(𝑔𝑟𝑎𝑝ℎ𝑒𝑛𝑒) ‒ 𝑛 × 𝜇(𝑀𝑔 @ 𝐶)

Surface energies (energies due to the dangling bonds on Mg atoms) are included in the energy 

terms obtained by ab initio computations and equilibrium crystal shapes are not considered for the 

small critical nucleus growth. 
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Table S1. Quantitative analysis based on reference intensity ratio (RIR) method for a series of Mg 

composites after full absorption, showing partial absorption for the highly reduced GO/Mg due to 

coalesced and unencapsulated Mg particles.
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Table S2. The Mg content in the nanocomposites calculated by ICP-OES.
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Figure S1. X-ray photoelectron spectra (C, 1s) of a series of reduced graphene oxides. The 

deconvolution shows the restoration of the graphitic structure as well as the diminution of oxygen-

related peaks.
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Figure S2. (a) FT-IR and (d) Raman spectra of GO and a series of rGOs. From FT-IR spectra, it 

is confirmed that the majority of oxygen-related peaks (O-H (~3200-3400 cm-1), C=O (1725 cm-

1), C-OH (1380 cm-1), C-O-C (1185 cm-1), and C-O (1045 cm-1)) were diminished. The Raman 

spectroscopy shows an increased intensity ratio of D and G band peak, caused by decreased 

average domain size of sp2 hybridized regions after chemical reduction. 
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Figure S3. X-ray diffraction patterns of GO and rGOs, confirming the hierarchical reduction with 

interlayer distances.
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Figure S4. TEM images showing structural changes of GO sheets after the reduction process.
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Figure S5. TEM image for rGO200/Mg showing unencapsulated Mg particles. The 

unencapsulated Mg particles are vulnerable to oxidation, leading to sluggish kinetics and decreased 

storage capacity. 
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Figure S6. TEM EDS mapping for GO/Mg shows a homogeneous distribution of Mg nanocrystals 

over GO sheets. The coalesced Mg particles are hardly observed on the GO/Mg surface.
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Figure S7. TEM EDS mapping for rGO100/Mg verifies formation of coalesced Mg particles 

(<100 nm) as well as Mg nanocrystals with 3-4 nm. 
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Figure S8. TEM EDS mapping for rGO200/Mg demonstrates the presence of relatively larger Mg 

particles (~200 nm) than rGO100/Mg.
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Figure S9. X-ray photoelectron spectra after synthesis: (a) Mg 1s (Mg at 1303 eV and MgO at 

1304.5 eV), (b) Mg 2s (Mg at 88 eV, peak shift caused by the oxidation of the Mg particles). These 

Mg XPS spectrums suggest that more reduced GO/Mg composites have more coalesced Mg 

particles which are easily oxidized due to the absence of graphene layers.
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Figure S10. Hydrogen absorption at (a) 225℃ and (b) 250℃, and hydrogen desorption at (c) 275℃ 

and (d) 325℃, respectively.
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Figure S11. X-ray diffraction patterns of hydrogenated Mg composites, showing full absorption 

at 250 ℃, 15 bar.
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Figure S12. The change in the rate of absorption (top)/desorption (bottom) for (a) GO/Mg (black 

line), (b) rGO100/Mg (red line) and (c) rGO200/Mg (blue line), respectively.
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Figure S13. (a-c) Hydrogen absorption at 15 bar of H2 at different temperatures (200, 225 and 250 

°C, respectively); the capacity is calculated based on the Mg weight in the nanocomposites, (d) the 

change of activation energies and R2 correlation values (dashed line) as a function of wt.% H2 for 

absorption.
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Figure S14. (a-c) Hydrogen desorption at 0 bar of H2 at different temperatures (275, 300 and 325 

°C, respectively); the capacity is calculated based on the Mg weight in the nanocomposites, (d) the 

change of activation energies and R2 correlation values (dashed line) as a function of wt.% H2 for 

desorption.
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Figure S15. The chemical potential of adsorbed Mg on pristine, defected graphene and graphene 

oxides. 
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Figure S16. The free energy of the Mg cluster according to the number of Mg atoms adsorbed on 

graphene derivatives. The chemical potential of Mg is fixed to that at the Mg concentration of 8 

Mg per 50 C at each graphene derivative. 
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Figure S17. The initial hydroxide on C vacancy configurations at 2 defects per 50 carbon 

concentrations. Among the three, the second configuration exhibited the lowest energy and is thus 

selected for the subsequent Mg adsorptions.
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Figure S18. The configuration-dependent (a) Mg adsorption energy and (b) free energy of the Mg 

particle adsorbed on graphene derivatives.
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