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I. Supplementary Methods
Electrochemically active surface area (ECSA) calculation

CV measurements were conducted in N2 saturated 0.5 M H>SOg solution at a scan
rate of 50 mV s*. The electrochemically active surface area (ECSA) of catalysts was
calculated using eg.1 and eq.2:*

ECSA =Qu/(m>qH) (1)

Where Qn is the under-potentially deposited hydrogen charge, m is the loading
amount of metal, and gn is the charge required for monolayer adsorption of hydrogen

on a Pt surface, which is assumed to be 0.21 mC cm.

o35 I[A]xdE[V]
QH 1o

Where | is the current, E the potential, v the scan rate.
Transfer electron numbers (n) calculation

ORR were test in O, saturated 0.1 M HCIO4 solution at 5 mV s?. The transfer
electron numbers per oxygen molecule (n) in the ORR was determined by the K-L

equations as follows:?3

(1) (3)

where j is the measured current density, jk is the kinetic current density and w is the

angular velocity of the disk (w=2zN, N is the linear rotation speed).

B =0.62nFC,, (D, )**v™* @

where n represents the overall number of electrons gained per oxygen, F is the

Faraday constant ( F=96485 C mol™), CO; is the bulk concentration of O, (1.26x107
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mol L), Doz is the diffusion coefficient of Oz in 0.1 M HCIO4 electrolyte (1.93x10°
cm? s1),v is the kinetic viscosity of the electrolyte (1.009>102 cm? s2).
(i) n=4lg/(la+ 1/ N) (5)
where g4 is the disk current, I, is the ring current and N is the collection efficiency.
The value of N was experimentally determined to be 0.37 by using a standard
ferricyanide system.*
Density functional theory (DFT) method and model

The Pt (111), Pt (200), Pt (111) + C (101) and Pt (200) + C (101) surfaces were
been built, where the vacuum space along the z direction is set to be 18 A, which is
enough to avoid interaction between the two neighboring images. Then O, molecule
was loaded on the surface. The bottom two atomic layers were fixed, the top three
atomic layers were relaxed adequately for Pt (111) and Pt (200) surfaces, and all
atoms were relaxed adequately for Pt (111) + C (101) and Pt (200) + C (101) surfaces.
The first principles calculations in the framework of density functional theory were
carried out based on the Cambridge Sequential Total Energy Package known as
CASTEP.®> The exchange-correlation functional under the generalized gradient
approximation (GGA)®  with norm-conserving pseudopotentials  and
Perdew-Burke-Ernzerhof functional was adopted to describe the electron-electron
interaction.’An energy cutoff of 750 eV was used and a k-point sampling set of 5 x 5
x 1 were tested to be converged. A force tolerance of 0.01 eV A%, energy tolerance of
5.0x107eV per atom and maximum displacement of 5.0x10* A were considered. The
Grimme method for DFT-D correction is considered for all calculations.®
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Adsorption energy AE of A (=02) molecule on the surface of substrates was defined

as:®
AE = Exp — (Ex+ En) (6)

where *A and * denote the adsorption of A molecule on substrates and the bare
substrates, EA denotes the energy of A molecule. The energy of O2 gas was calculated

by (2En20 - 2EH2 + 4.92), since the negative of experimental energy of formation of

Exp
two water molecules (—2%& =4.92 eV).10
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Il. Supplementary Figures

f ZnO nanorod arrays

. S1. SEM images 0
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Fig. S2. TEM image of GQDs.
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Fig. S3. SEM-EDS spectrum of (a) blank mono-crystalline silicon, (b) GQD-Pt
NTAs-1, (c) GQD-Pt NTAs-2, and (d) GQD-Pt NTAs-3.

The GQD-Pt NTAs catalysts with different amounts of GQDs were obtained by
electroreducing mixed solution with the ratio of 1:1, 2:1 or 4:1 for HzPtCle*6H.O to
GQDs, which are denoted GQD-Pt NTAs-1, GQD-Pt NTAs-2 and GQD-Pt NTAs-3,
respectively. The SEM-EDS of these GQD-Pt NTAs catalysts are measured on a blank
mono-crystalline silicon substrate. As shown in Fig. S3, (i) represents the element
content of the sample and substrate, and (ii) represents the element content of the

sample after removing impurities in the substrate.
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Fig. S4. SEM images of (a) ZnO@ Pt core-shell NRAs and (b) Pt NTAs. The insets in
(@) and (b) are the high magnification SEM images. (c, d) TEM images and SAED
pattern (inset in (d)) of typical Pt NTAs.
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Fig. S5. XRD pattern of the as-prepared catalysts.
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Pt (200) + C (101) side

Pt (111) side Pt (200) side

Fig. S6. Optimized structural surfaces of Pt (111) + C (101), Pt (200) + C (101), Pt
(111) and Pt (200).
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Fig. S7. RRDE technique over GQD-Pt NTAs electrocatalyst: (a) polarization curves

and (b) the calculated corresponding transferred electron number (n).
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Fig. S8. (a) ORR polarization curves. (b) CVs in 0.5 M H;SO4 and 0.5 M CH3OH +
0.5 M H,SO4 for GQDs at 50 mV s. (c) MOR CVs for the GQD-Pt NTAs catalysts

with different amounts of GQDs.
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I11. Supplementary Tables

Table S1. Comparison of the work function, adsorption energy (Eabs) and Bader

charge values.

Components Work function (eV) Eans (V) Bader charge (eV)
Pt (111) -5.99 - -
Pt (111) + C (101) -5.23 - -
Pt (200) -5.84 - -
Pt (200) + C (101) -5.03 - -
Pt (111) + O, - -1.33 -0.30
Pt (111) + C (101) + O, - -4.26 -0.45
Pt (200) + O, - -2.56 -0.34
Pt (200) + C (101) + O3 - -5.37 -0.47

Table S2. The mass activity and specific activity of platinum-based electrocatalysts

for ORR.
Mass Specific
Catalysts Conditions activity activity Reference
(MApgel)  (MACmMp?)
0.1M HCIOq This
GQD-Pt NTAs (0.9 V vs. RHE) 1.14 2.24 work
0.1M HCIO4
PtCo NCs (0_9 \VAYS RHE) 1.65 1.85 11
0.5M H2SO4
Pt@holey rGO@Pt (0.85 V vs. RHE) 0.60 2.12 12
0.1M HCIOg4
PtNiPb NPs (0.9 V vs. RHE) 0.449 0.976 13
0.5M H2SOq4
FePtCe./C (0.9 V vs. RHE) 0.734 3.38 14
0.1M HCIO4
Pt71C029 LNFs (0.75 V vs. RHE) 0.128 0.43 15
0.1M HCIOg4
PdiPts DNSs (0.9 V vs. RHE) 0.53 0.74 16
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0.1M HCIOq4

PtPd SAANSs (0.8 VV vs. RHE) 2.75 0.95 17
0.1M HCIOq4

PtBi nanoplates/C (0.9 V vs. RHE) 0.353 1.04 18
0.1M HCIOq4

Au/CuPt (09 \VAV:) RHE) 1.7 2.75 19
0.1M HCIOq4

AUuNP@PANI@PtFe (0.8 V vs. RHE) 0.43 2.73 20
0.1M HCIOq4

PtCo/C (0.8 VV vs. RHE) 0.237 0.439 21
PtNiRh trimetallic 0.1M HCIO4

NWS/C (0.9 V vs. RHE) 2.88 2.71 22
0.1M HCIOq4

PtPdNiP MNs (09 V Vs. RHE) 0.45 0.89 23
0.1M HCIOq4

H-PtNiCu-AAT NPs (0.9 V vs. RHE) 0.977 1.458 24
0.1M HCIOq4

Pt-Co/C (0.9 V vs. RHE) 0.64 1.29 25
0.1M HCIOq4

Pt/p-BN (0'9 V Vs, RHE) 1.06 1.24 26
0.1M HCIOq4

37 wt%-FePt/rGO (0.9 \VAV:) RHE) 1.96 4.1 27
0.1M HCIOq4

Pt/RGO/CB-1 (0.9 VV vs. RHE) 0.109 0.212 28
0.1M HCIOq4

APD-Pt/needles-GC (0_9 \VAV) RHE) 0.62 1.3 29

Table S3. The mass activity and specific activity of platinum-based electrocatalysts

for MOR.
Mass Specific
Catalysts Conditions activity activity Reference
(MAmMget) (MAcCMe?)
0.5M H,SO4
GQD-Pt NTAs +0.5M CH3OH 2227.08 5.95 This work
PtCo NCs 0.5M H>S0O4 514.5 2.57 11
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