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Table S1. The molar ratio of Pt:Fe and Pt:Cr in Pt-MIL100(Fe) and Pt-MIL101(Cr) respectively, 
calculated through inductively coupled plasma optical emission spectrometry (ICP-OES) 
measurement.

Sample Mass fraction of Pt (wt.%) Molar ratio (Pt:Fe)
Pt0.009-MIL100(Fe) 0.55 0.009:1
Pt0.015-MIL100(Fe) 0.91 0.015:1
Pt0.023-MIL100(Fe) 1.41 0.023:1

Sample Mass fraction of Pt (wt.%) Molar ratio (Pt:Cr)
Pt0.011-MIL101(Cr) 0.44 0.011:1
Pt0.019-MIL101(Cr) 0.84 0.019:1
Pt0.034-MIL101(Cr) 1.52 0.034:1
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Figure S1. X-ray diffraction (XRD) patterns of a MIL100(Fe), Pt0.009-MIL100(Fe), Pt0.015-
MIL100(Fe) and Pt0.023-MIL100(Fe) in comparison to simulated MIL100(Fe), and b MIL101(Cr), 
Pt0.011-MIL101(Cr), Pt0.019-MIL101(Cr) and Pt0.034-MIL101(Cr) in comparison to simulated 
MIL101(Cr).

Figure S2. Scanning electron microscopy (SEM) images of a MIL100(Fe), b Pt0.009-MIL100(Fe), 
and c Pt0.023-MIL100(Fe). d-i High-angle annular dark field-scanning transmission electron 
microscopy (HAADF-STEM) images of Pt0.015-MIL100(Fe).



Figure S3. SEM images of a MIL101(Cr), b Pt0.011-MIL101(Cr), and c Pt0.034-MIL101(Cr). d-i 
HAADF-STEM images of Pt0.019-MIL101(Cr).

Table S2. Pt L3-edge white-line (WL) parameters of Pt foil, Pt0.015-MIL100(Fe), Pt0.019-MIL101(Cr) 
and PtO2.

Sample Area (a.u.) Oxidation state
Pt foil 1.25 0

Pt0.015-MIL100(Fe) 1.58 +2.10
Pt0.019-MIL101(Cr) 1.72 +2.98

PtO2 1.88 +4



Figure S4. FT EXAFS spectra and corresponding fitting curves of the (a) Pt0.015-MIL100(Fe), (c) 
Pt0.019-MIL101(Cr), (e) PtO2 and (g) Pt foil; k2-weighted spectra at k space of the (b) Pt0.015-
MIL100(Fe), (d) Pt0.019-MIL101(Cr), (f) PtO2 and (h) Pt foil.
Data reduction, data analysis, and EXAFS fitting were performed and analyzed with the Athena and 
Artemis programs of the Demeter data analysis packages1 that utilizes the FEFF6 program2 to fit 
the EXAFS data. The energy calibration of the sample was conducted through standard and Pt foil, 
which as a reference was simultaneously measured. A linear function was subtracted from the pre-
edge region, then the edge jump was normalized using Athena software. The χ(k) data were isolated 
by subtracting a smooth, third-order polynomial approximating the absorption background of an 
isolated atom. The k2-weighted χ(k) data were Fourier transformed after applying a HanFeng 
window function (Δk = 1.0). For EXAFS modeling, The global amplitude EXAFS (CN, R, σ2 and 
ΔE0) were obtained by nonlinear fitting, with least-squares refinement, of the EXAFS equation to 
the Fourier-transformed data in R-space, using Artemis software, EXAFS of the Pt foil are fitted 
and the obtained amplitude reduction factor S0

2 value (0.781) was set in the EXAFS analysis to 
determine the coordination numbers (CNs) in sample.

Table S3. EXAFS fitting parameters at the Pt L3-edge for various samples.

Sample Shell CNa R(Å)b σ2(Å2)c ΔE0(eV)d R factor
Pt foil Pt-Pt 12* 2.76±0.01 0.0041 7.0 0.0015

Pt0.015-MIL100(Fe) Pt-C/O 5.1±0.3 2.07±0.01 0.0035 10.5 0.0178
Pt0.019-MIL101(Cr) Pt-C/O 6.0±0.6 2.14±0.01 0.0037 10.9 0.0187

PtO2 Pt-O 6.0±0.3 2.01±0.01 0.0021 11.1 0.0100

aCN, coordination number; bR, distance between absorber and backscatter atoms; cσ2, Debye-Waller 
factor to account for both thermal and structural disorders; dΔE0, inner potential correction; R factor 
indicates the goodness of the fit. S0

2 was fixed to 0.781, according to the experimental EXAFS fit 
of Pt foil by fixing CN as the known crystallographic value. A reasonable range of EXAFS fitting 
parameters: 0.600 < Ѕ0

2 < 1.000; CN > 0; σ2 > 0 Å2; |ΔE0| < 15 eV; R factor < 0.02.



Figure S5. X-ray photoelectron spectroscopy (XPS) spectra of a full range, b Fe 2p, c C 1s and d 
O 1s in MIL100(Fe), Pt0.009-MIL100(Fe), Pt0.015-MIL100(Fe) and Pt0.023-MIL100(Fe), and e Pt 4f in 
Pt0.009-MIL100(Fe), Pt0.015-MIL100(Fe), Pt0.023-MIL100(Fe) compared to Pt/C powders.



Figure S6. XPS spectra of a full range, b Cr 2p, c C 1s and d O 1s in MIL101(Cr), Pt0.011-
MIL101(Cr), Pt0.019-MIL101(Cr) and Pt0.034-MIL101(Cr), and e Pt 4f in Pt0.011-MIL101(Cr), Pt0.019-
MIL101(Cr), Pt0.034-MIL101(Cr) compared to Pt/C powders.
As shown in Figure S4e, the peaks for the normalized Pt 4f XPS spectra of Pt0.015-0.023-MIL100(Fe) 
are visually red-shifted compared with those of metallic Pt in Pt/C. However, this result cannot be 
visually distinguished in Pt-MIL101(Cr) because Cr 3s peak is close to Pt 4f5/2 peak. When the 
normalized Pt 4f XPS spectra of Pt0.019-0.034-MIL101(Cr) are conducted by multi-peak fitting with 



the position of Cr 3s peak in MIL101(Cr) as reference, the actual positions of Pt 4f peaks marked 
by blue line and dark-red line can be obtained shown in Figure S5e. It can be seen that, consistent 
with Pt-MIL100(Fe) results, the Pt 4f peaks of Pt0.019-0.034-MIL101(Cr) are also red-shifted compared 
with those of metallic Pt in Pt/C.

Table S4. HER activities of Pt SA-based catalysts in 0.5 M H2SO4 reported in previous literatures.

Catalyst
Content 
(wt.%)

Overpotential (mV) 
at 10 mA cm-2

Tafel slope 
(mV/dec)

Ref.

Pt/NPC 3.8 25 28 3

Pt/NiS@Al2O3 2.8 34 35 4

Pt-MXene-SWCNTs 2.8 62 78 5

Pt SAs/DG 2.1 23 25 6

Pt1@Fe-N-C 2.1 60 42 7

Pt1/MoO3-x 2 23.3 28.8 8

Pt-PVP/TNR@GC 1.75 21 27 9

Pt1/NMHCS 1.59 40 56 10

Pt-TiO2/G 1.42 26.4 30 11

Pt-SAs/C 1.26 38 43 12

PtSA-Mo2TiC2Tx 1.2 30 30 13

Pt-1T'MoS2 1.04 180 88.4 14

Pt@PCM 0.53 105 65.3 15

Pt/RuCeOx-PA 0.49 41 31 16

Pt1/OLC 0.27 38 43 17

Pt/np-Co0.85Se ～1.03 55 35 18

Pt SA/WO3-x 0.42 47 45 19

Pt–SA/MoS2 5.1 59 31 20

Pt–Fe/N/C 1.5 51 48 21

Pt1/hNCNC 2.92 15 24 22

ALD50Pt/NGN 2.1 N.A. 29 23

Pt1/MC 2.6 N.A. ～30 24

Pt1/NMC 2.54 N.A. 26 25

SA-Pt/MoS2 0.22 44 34.83 26

Pt SA-VS2/CP 0.65 77 40.13 27

Pt-MIL100(Fe) 0.91 60 31.16 this work
Pt-MIL101(Cr) 0.84 61 27.02 this work



Figure S7. Cyclic Voltammograms (CV) of a MIL100(Fe), b Pt0.009-MIL100(Fe), c Pt0.015-
MIL100(Fe), d Pt0.023-MIL100(Fe), f MIL101(Cr), g Pt0.011-MIL101(Cr), h Pt0.019-MIL101(Cr), and 
i Pt0.034-MIL101(Cr). Scan rate dependence of the current densities of pristine and Pt-decorated e 
MIL100(Fe) and j MIL101(Cr).



Figure S8. Nyquist plots of a MIL100(Fe), Pt0.009-MIL100(Fe), Pt0.015-MIL100(Fe) and Pt0.023-
MIL100(Fe), and b MIL101(Cr), Pt0.011-MIL101(Cr), Pt0.019-MIL101(Cr) and Pt0.034-MIL101(Cr) 
tested at the overpotential of 100 mV.

Figure S9. Time-dependent current density curve at -0.08 V vs RHE for 12h.



Figure S10. Optimized atomic configurations: a MIL100(Fe), b H* on Fe in a; c Pt-MIL100(Fe) 
(Fe atom as the active site), d H* on Fe in c; e Pt-MIL100(Fe) (Pt atom as the active site), f H* on 
Pt in e; g MIL101(Cr), h H* on Cr in g; i Pt-MIL101(Cr) (Cr atom as the active site), j H* on Cr in 
i; k Pt-MIL101(Cr) (Pt atom as the active site), l H* on Pt in k.



Figure S11. Calculated partial density of states (PDOS) of a MIL100(Fe) and Pt-MIL100(Fe), b 
MIL101(Cr) and Pt-MIL101(Cr).

Table S4. Comparison of calculated d-band centre (Ɛd) for MIL100(Fe) and Pt-MIL100(Fe), 
MIL101(Cr) and Pt-MIL101(Cr) respectively.

MIL100(Fe)
Atom ID Fe1 Fe2 Fe3 Total
Ɛd (eV) -6.5313 -7.2873 -7.0869 -6.9689

Pt-MIL100(Fe)
Atom ID Fe1 Fe2 Pt1 Total
Ɛd (eV) -6.8801 -7.1461 -2.2630 -5.4835

MIL101(Cr)
Atom ID Cr1 Cr2 Cr3 Total
Ɛd (eV) -1.7644 -2.6128 -2.6732 -2.3496

Pt-MIL101(Cr)
Atom ID Cr1 Cr2 Pt1 Total
Ɛd (eV) -1.6994 -2.2984 -2.6486 -2.2106

Table S5. Calculated ΔEZPE and ΔS (unit: eV) for H* adsorbed on the different cluster models 
(298.15 K).

Sample ΔEZPE TΔS

MIL100(Fe) 0.1391 0.0039
Pt-MIL100(Fe) (Fe atom as the active site) 0.1088 0.0057
Pt-MIL100(Fe) (Pt atom as the active site) 0.2521 0.0039

MIL101(Cr) 0.0730 0.0122

Pt-MIL101(Cr) (Cr atom as the active site) 0.1507 0.0229
Pt-MIL101(Cr) (Pt atom as the active site) 0.2480 0.0036
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