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Supplementary Table S1. The edge formation energy (Eedge), HOMO-LUMO gap (Egap) and adsorption energy (Eads) incurred by successive increase of w, where w denotes the label for a GNR with w zigzag chains as w-ZGNR. 
	w-ZGNR
	Eedge

(meV/edge)
	Egap

(eV)
	Eads 
(eV/H2)

	3-ZGNR
	150.654
	0.130
	-0.277

	4-ZGNR
	100.123
	0.081
	-0.276

	5-ZGNR
	95.861
	0.020
	-0.281

	6-ZGNR
	91.841
	0.010
	-0.283

	7-ZGNR
	87.114
	-
	-0.284

	8-ZGNR
	85.837
	-
	-0.286

	9-ZGNR
	83.494
	-
	-0.288

	10-ZGNR
	82.406
	-
	-0.290


Supplementary Table S2. The edge formation energy (Eedge) and adsorption energy (Eads) incurred with respect to the position of the Sc-N3 center.
	Sc-N3 center location
	Eedge

(meV/edge)
	Eads 
(eV/H2)

	1
	101.019
	-0.249

	2
	103.613
	-0.249

	3
	106.467
	-0.250

	4
	109.321
	-0.248

	5
	112.170
	-0.250

	6
	120.201
	-0.252

	
	
	


Supplementary Table S3. The Adsorption energy (Eads) per H2 of the Sc/NZE-3NVGNR complex incurred by successive increase of nzig at 33 and 18 wt. % Sc. 
	nzig
	Eads-5H2 (18 wt. %)

(eV)
	Eads-5H2 (33 wt. %)

(eV)

	1
	-0.153
	-0.159

	2
	-0.158
	-0.165

	3
	-0.168
	-0.175

	4
	-0.154
	-0.161

	5
	-0.176
	-0.177

	6
	-0.185
	-0.194

	7
	-0.158
	-0.165

	8
	-0.156
	-0.163

	9
	-0.164
	-0.171

	10
	-0.183
	-0.191

	11
	-0.213
	-0.227

	12
	-0.272
	-0.283
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Supplementary Figure 1. The Partial Density of States of the Sc directly bonded to C of the NZE-3NVGNR. The unit of the vertical axis is in electrons/eV and the horizontal axis is in eV. 

