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Fig. S1. Typical EDS analysis of the as-synthesised Mg nanoparticles observed by TEM

Aluminium is from triethylaluminum which acts as a viscosity reducer in di-n-
butylmagnesium.
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Fig. S2. TGA/DSC curves of the as-synthesised materials.
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Fig. S3. Typical MS for the as-synthesised materials. Case of MgLi4.6Napth0.5.

The decomposition of n-butyllithium occurs following the reaction (1) below with the release 
of butane as detected by MS.

CH3CH2CH2CH2Li    LiH + CH3CH2CH=CH2   (1)
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Fig. S4: a) XRD profile of MgLi9.2Napht0.5 hydrogenated at 120 oC under 30 bar hydrogen 
pressure, and b) associated hydrogen sorption kinetics.

The material could absorb hydrogen at 120 °C only. However, no desorption was achieved at 
this temperature under a pressure of 10 kPa.
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Fig. S5: TGA/DSC of the materials after hydrogen absorption at 300 °C.

The mass loss observed correspond to the decomposition of the -MgH2 into Mg with 
hydrogen release. This event is correlated with a strong endothermic peak with a maximum 
varying from 358 to 384 °C depending on the material. At higher temperatures (> 450 °C), 
the additional endothermic peak correspond to the decomposition of LiH into Li as proven by 
the release of hydrogen recorder by MS (Fig. 5).
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Fig. S6: Typical XRD pattern of the materials after hydrogen desorption at 300 °C.

The LiH phase does not decompose at 300 °C in agreement with TGA/MS measurements. 
The Li2O may be due to a partial oxidation of the material during the XRD measurement.
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Fig. S7: HP-DSC curves for hydrogen absorption and desorption with ball milled MgH2. 
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Fig. S8: Kinetic curves for hydrogen absorption and desorption with ball-milled MgH2.
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Fig. S9: XPS narrow-scan of Mg2p and Li1s for ball-milled MgH2 and the Mg nanoparticles 
synthesised after hydrogen cycling.

Table S1: Elemental surface composition (atomic percentage, %) as determined by XPS for 
ball-milled MgH2 and the Mg nanoparticles synthesised after hydrogen cycling.

Binding energy (eV) Surface composition (at%)
Li1s Mg1s Mg2p Li1s Mg2p C1s O1s

Ball milled MgH2 - 1304.0 50.1, 51.4 - 46.85 8.86 34.13
MgLi4.6Napht0.5 55.2 1303.5 49.4 31.21 5.04 19.58 44.17
MgLi9.2Napht0.5 55.2 1303.6 49.6 34.75 0.95 19.47 44.83
MgLi4.6Napht4.6 55.1 1303.4 49.3 36.17 1.14 17.18 45.50
MgLi9.2Napht4.6 55.2 - 49.2 35.97 0.77 18.83 43.80

XPS analysis of ball-milled MgH2 displays a Mg2p peak at 51.4 eV attributed to the 
formation MgO or Mg(OH)x, and a Mg2p peak at 50.1 eV and Mg1s peak at 1304 eV 
attributed to metallic magnesium (Table s1).1 In addition to the Mg1s peak corresponding to 
magnesium metallic, the nanoparticles synthesised and cycled display only one Mg2p peak 
also corresponding to metallic magnesium (Table S1).
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XPS analysis also reveals a Li1s peak at 55.2 eV for the nanoparticles synthesised and cycled 
(Fig. S12). This peak can be attributed to Li2CO3 and may result from a partial surface 
contamination of the materials with CO2 upon transfer in air to the XPS instrument.2 

Additional determination of surface composition showed than the surface nanoparticles 
synthesised was mainly composed of Li, Mg, O and C. The O and C content of the surface 
may be due to a partial oxidation/contamination of the surface upon transfer of the materials 
in air to the instrument and the thickness of this surface oxide/contamination may have 
influenced the detection of metallic magnesium.
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Fig. S10: HRTEM of the Mg nanoparticles after cycling.
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Fig. S11: PCI corresponding to the absorption of hydrogen within the Mg nanoparticles 
synthesised.
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Fig. S12: PCI corresponding to the absorption of hydrogen with ball-milled MgH2.
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