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Supplementary Figures:
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Figure S1. The particle size distributions of Pt particles from as-prepared (a),
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hydrogenated (b) and dehydrogenated (c) of Mg@Pt composites
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Figure S2. TEM (a), HRTEM (b, c¢) images, HAADF-STEM (d), the corresponding Pt

elements map (e) for dehydrogenated Mg@Pt composites
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Figure S3. HRTEM images with time under electron radiation during the hydrogen

desorption process of for the hydrogenated Mg@Pt composite
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Figure S4. XPS survey scan profiles for the as-prepared and hydrogenated Mg@Pt
composites (a) and the corresponding Pt 4f XPS spectra (b)



Supplementary Calculations:

The fitting for calculation of hydrogen sorption activation energy:
According to the Johnson-Mehl-Avrami-Kolmogorov (JMAK) model described as
follows!:

In[-In(1-a)]=nInk+nint (1),
where a is the fraction of Mg transformed into MgH> at time t, £ is an effective kinetic
parameter, and n is the Avrami exponent or reaction order. Based on the experimental
data obtained at each measured temperature, the fitted line of In[-In(1—a)] vs. Inz can be
drawn, where the values of n (the slope) and nink (the intercept) can be obtained.
According to the values of k at different temperatures, the £, for Mg and Mg@Pt can
be approximately acquired from the Arrhenius equation:

k=AExp(-E4/RT) (),
where A is a temperature-independent coefficient, R is the universal gas constant (8.314
Jmol! K'!), and T is the absolute temperature. It should be noted that IMAK model is
used under the circumstance that a saturated value for hydrogen absorption or
desorption is achieved !. In our case, some hydrogen absorption/desorption profiles
obtained at relatively low temperatures, i.e., absorption at 200°C and desorption at
300°C for pure Mg, absorption at 200°C and desorption at 275°C for Mg@Pt, do not
have a saturation point under current measurement conditions and are therefore not
considered for the determination of activation energies using the JMAK model.

Consequently, the corresponding data points in Figs. 2(e) and 2(f) are absent.



The calculation condition for defect formation energy:

In view of the interstitial H atom, the ratio of Mg and Pt is always 3 : 1, thus there is no
need to calculate the individual potential of Mg and Pt. The known value for formation
energy of MgsPt is 601 meV?, which can be got as follows:

Ef(mg3py = Emgspe — 3pimg — pipe 3),
where Ef(ymq3py 1s the formation energy of MgsPt and Ewmgaset is the energy of the perfect
MgsPt crystal. With these two formulas provided, Ercan be simplified to:

Ey(T, p) = Emgspi-n — Emgart — Ef(mgary — 1n (T, ) (4).

With regard to the chemical potential of H atom at finite temperature and pressure, we
can calculate it as follows:

urt (T, p) = 12um2 (T, p) = 12ur2 (T, p°) + 1/2KT In(prz/ p°H2) (5),

where un (T, p) and un2 (T, p) are the H and H» chemical potential at finite temperature

and pressure, respectively. un2 (T, p°) is the chemical potential of hydrogen at one

particular pressure, pr2 is the pressure of hydrogen and p°h2 is the particular pressure

of hydrogen. Selecting the zero-reference state of un2 (0K, p°) as a reference. un2 (T, p°)

is given using the equation G = H — TS between the Gibbs free energy, G, and the

enthalpy, H, as follows:
ur2 (T, p°) = umz2 (OK, p°) + AG(AT, p°, H2) = um2 (0K, p°) + (H(T, p°, H2) —

H(OK, p°, H2)) — T(S(T, p°, H2) — S(OK, p°, H2)) (6),

where we can search these related values in the JANAF thermochemical for standard

pressure, p° = 1 atm. Therefore, we can obtain the aspired temperature dependence

simply from the differences in the enthalpy and entropy, S, of an H> molecule with

respect to the T =0 K limit.



Supplementary Table:

Table S1. Hydrogen sorption properties of some Mg-based alloys and composites.

Hydrogen Sorption Activation Energy

Hydrogen Content
Composites yaros (kJ/mol Hy) Ref
(wt% Hb») 5 .
hydrogenation dehydrogenation
CaMg;.9Nig.1 5.65 41.7 / 3
MgsPr 2.58 / /
Melt-spun
. 5.3 / 109.2 5
Mg9oCe5N15
Mg-5wt%Gd 5.7 / 149 6
MgnBaz 4.0 / 173.9 7
ultrafine Mg 7.1 110.9 152.6 this study
Mg@Pt 6.5 84.3 152.8 this study

Table S2. The element compositions obtained from line scanning analysis inserted in

Fig. 3 (b4).
Elements Atom (at %)
Magnesium (Mg) 76.30
Platinum (Pt) 23.67




Table S3. Analysis of bond length before and after H doping in the tetrahedral site and

octahedral site, respectively.

tetrahedral site

octahedral site

Atoml Atom2
I-‘ini (A) Ldop (A) Lini (A) Ldop (A)
Mgl Mg2 2.98813 3.10444 3.0189 3.03865
Mg2 Mg3 3.0668 321168 3.1065 3.21718
Mg3 Pt 2.69813 2.76082 2.77529 2.76948
Pt Mgl 2.77529 2.8309 34182 3.50244

Notes: Lini: the bond length before H doping, Laop (A): the bond length after H doping.
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