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Table S1: Fermi energy values of PG, GD, TM/PG and TM/GD.

System Fermi energy (eV)
Fermi energy after H2 

adsorption (eV)

Pristine Graphene (PG) -0.436 -0.352

Graphene with defect (GD) -1.100 -0.990

Fe/PG 0.612 -0.340

Ag/GD 0.273 0.511

Au/GD 0.357 0.520

Cu/GD -0.120 0.076

Fe/GD 0 0.592

Table S2: Binding energy of TM atom on the GD layer (Eb), Bond distance between TM atom 

and nearest carbon atom (DC- TM), Shortest distance between TM atom and GD layer (DGD layer 

– TM).

System Eb (eV) DTM- C (Å) DGD layer –TM (Å)

GD/Ag -1.917 2.200 1.601

GD/Au -2.554 2.125 1.485

GD/Cu -3.971 1.875 1.096

GD/Fe -10.003 1.746 0.889
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Table S3: Adsorption energy of H2 on the different systems using GGA-PPE and after adding 
DFT-D3 correction.

Adsorption Energy of H2 (eV)
System

GGA-PBE DFT-D3

GD/Ag – H2 -0.405 -0.404
GD/Au – H2 -0.341 -0.339
GD/Cu – H2 -0.282 -0.260
GD/Fe – H2 -0.580 -0.578
GD/Fe – 2 H2 -0.606 -0.604
GD/Fe – 3 H2 -0.866 -0.864
GD/Fe – 4 H2 -0.902 -0.899
GD/Fe – 5 H2 -0.921 -0.917

Table S4: Partial charge on the C1, C2, C3, H1, H2, TM before and after H2 adsorption

System C1 C2 C3 H1 H2 TM

Ag/GD -0.148 -0.141 -0.147 - - 0.779

Ag/GD-H2 -0.120 -0.192 -0.130 0.037 0.018 0.784

Au/GD -0.039 -0.088 -0.039 - - 0.210

Au/GD-H2 -0.031 -0.032 -0.069 0.105 0.099 0.105

Cu/GD -0.072 -0.067 -0.072 - - 0.329

Cu/GD-H2 -0.088 -0.046 -0.056 0.091 0.101 0.159

Fe/GD -0.075 -0.075 -0.075 - - 0.576

Fe/GD-H2 -0.074 -0.073 -0.076 0.008 0.056 0.545
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Table S5: Löwdin charge analysis of TM in TM/GD system before and after H2 adsorption
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Table S6: Increasing number of H2, change in total adsorption energy, change in adsorption 
energy per H2, Average H-H distance.

Number of 
H2

Adsorption 
Energy (eV)

Average adsorption 
energy per H2 (eV / 
H2)

Average H-H Distance 
(Å)

1 -0.580 -0.580 0.843

2 -0.606 -0.303 0.813

3 -0.866 -0.289 0.814

4 -0.902 -0.226 0.799

5 -0.921 -0.184 0.789

Table S7: Desorption Temperature of First adsorbed to last adsorbed H2 in the Fe/GD system 
at different atmospheric pressure.

Desorption Temperature (K) at Different Pressure (atm)H2 
Number

Adsorption 
Energy 
(eV) 1 atm 2 atm 3 atm

1 -0.580 740 801 842

2 -0.300 387 419 440

3 -0.283 368 399 420

4 -0.217 288 312 327

5 -0.178 235 254 267
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Table S8: Atomic Cartesian coordinates (in Å) for all optimized geometries. Each structure is 
labelled by the specific name, followed by the total energy (in Rydberg).
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Table S9: Final energy (ground state energy) of free transition metal atom and H2 (in Rydberg).

Atom/Molecule Final Energy (Ry)
Ag -73.4440623648
Au -101.8092043249
Cu -121.2143242825
Fe -55.2099534839
H2 -2.33116958


