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Fig. S1 N, adsorption-desorption isotherms of (A) Pd-CNHs, (B) Pd-OCNHs, (C) Pd-BCNHs, (D) Pd-NCNHs and (E) Pd-

PCNHs, respectively.

Table S1 BET specific surface area (m? g %) and pore size (nm) of catalysts

BET specific surface area (m2g1)  Pore size (nm)

Pd-CNHs 672.5 3.74
Pd-OCNHs 697.4 3.17
Pd-BCNHs 355.7 4.30
Pd-NCNHs 475.4 4.35
Pd-PCNHs 578.9 3.40
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Fig. S2 TGA curves of (A) Pd-CNHs, (B) Pd-OCNHs, (C) Pd-BCNHs, (D) Pd-NCNHs, and (E) Pd-PCNHs, respectively.

For Pd-CNHs, the peaks at 579.5 and 749.8 °C were described as CNHs and graphitic carbon,’
2 respectively. The peaks at 439, 643 and 815 °C in the Pd-OCNHs were attributed to
combination of defective carbon, tubular graphene carbon and graphitic carbon, respectively.
For Pd-BCNHs, graphitic carbon, B-doped CNHs and tubular graphene carbon can be burned at
489, 564 and 695 °C.12 Pd-NCNHs shows two main peaks at 467 °C and 565 °C, separately, which
were attributed to a combination of N-doped defective carbon and N-doped tubular graphene
carbon, and two peaks at 743 °C and 766 °C were both ascribed to graphitic carbon. For Pd-
PCNHs, a main peak at 532 °C and a concomitantly weak peak at 634 °C appeared, corresponding
to P-doped defective carbon and tubular graphene carbon, respectively.

Table S2 The atomic percent of dopants in sample determined by XPS

Sample C (At%) O (At%) B (At%) N (At%) P (At%)

Pd-CNHs 98.79 1.09 0 0 0
Pd-OCNHs 97.50 2.33 0 0 0
Pd-BCNHs 96.37 2.72 0.71 0 0
Pd-NCNHs 97.44 1.06 0 1.33 0
Pd-PCNHs 98.39 1.39 0 0 0.07

Table S3 The proportion of surface palladium species in sample determined by XPS

Sample Pd® (%) Pd?* (%)
Pd-CNHs 32.95 67.05
Pd-OCNHs 61.73 38.27
Pd-BCNHs 60.88 39.12
Pd-NCNHs 32.54 67.46
Pd-PCNHs 33.51 66.49
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