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1. Experimental section
1.1 Calculation of electron transfer number (n) and H,0, yield (% HOy)) for ORR

Electron transfer number per oxygen molecule was calculated by Koutechy-Levich
(K-L) equation as shown in equation S1, where J, J; and Jx are the measured current
density, limiting diffusion current density and kinetic current density, respectively, and
o is the electrode rotating rates. The corresponding K-L plot (J-! versus o) was
collected. The B value, representing the reciprocal value of the K-L plot slope, was
determined from the slope of the K-L plot according to the equation S2 to calculate
electron transfer number. As shown in equation S2, n represents the electron transfer
number per oxygen molecule, F is Faraday constant (F = 96485 C mol!), Do is the
diffusion coefficient of O, in 0.1 M KOH (Do, = 1.9 x 10~ cm? s'!), v is the kinetic
viscosity of the electrolyte (v = 0.01 cm? s'!), and Cqy, is the bulk concentration of O,
in 0.1 M KOH (Cp; = 1.2 x 10 mol em?3), respectively. The constant 0.62 is adopted

when the rotation rate is expressed in rad s-!.
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The n in O,-saturated acid solution was also calculated from rotating ring-disk electrode
(RRDE) measurements by the ring current (I;) and disk current (I4) according to the
followed equation S3. And the peroxide yield (% HO;") was calculated according to the
equation S4:
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Where N is the current collection efficiency of the Pt ring (0.37).



1.2 Calculation of ECSA, J,1ea and J g

Electrochemical surface area (ECSA) was measured in N,-saturated 0.1 M HCIO,.
Before testing, the catalyst was firstly activated by CV technique. In detail, the CV
technique was carried out between 0 and 1.1 V for 10 cycles at a scan rate of 100 mV
s'l. Then the ECSA was determined by CVs measured between 0.03 and 1.1 V at 50
mV s! for 5 cycles. The fifth cycle was selected to calculate ECSA by the followed

equation (S5):
Qu

UPD

ECSA(m* gp,™ ') = —
210uC cmp, “ X mp, (S5)

Where ~"UPD represents the electric charge of underpotential deposited hydrogen in
the negative-going potential scan (0.40-0.05 V) of CVs after correction for double-
layer charging, 210 uC cm is the charge of full coverage for clean polycrystalline Pt,
and mp, is the Pt mass loading on the electrode. The area-specified and mass-specified

activities are estimated using equation S6 and S7, respectively:

Ji (mA cm 2) = Jk
area Pt) — A /o940
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Where Jx and Sy represents the kinetic current density and the surface area of RDE

(0.19625 cm?), respectively.
1.3 Calculation of TOFy; and TOFp,

The TOF is determined by the followed equation (S8)!:

4 XnXF (S8)

Where J (A m) is the measured current density at 1.6 V, Sy is the surface area of the
RDE, the number 4 is 4 electrons mol™! of O,, n is the moles of coated metal atom (Ni

or Pt) on the RDE according to ICP-OES results, and F is the Faraday constant (96485



C mol).
2. Figures and Tables

The reactions involved in the deposition process are shown as below:

Zn = Zn*" +2e (1)
Ni2* + 2¢ = Ni )
2H,0 +2¢ = H,T + 20H- (3)
Zn%* + 20H- ~ Zn(OH), “4)
Ni2* + 20H- = Ni(OH), (5)

After deposition, the as-prepared material was peeled off from the Zn plate with the
aid of sonication and then dried. During drying, the Zn(OH), dehydrated reaction

occurred as given below:

A
ZH(OH)2 - ZnO +H20 (6)

During deposition, CNTs loaded Zn plate was immersed into 100 mL 10 mM NiCls,.
According to Nernst formula, the redox potentials of reaction (1) ~ (3) are determined

by the followed equations:
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The order of redox potentials for Zn?*/Zn, H,O/H, and Ni**/Ni in NiCl, solution are
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as follows: (pH > 4.9). The pH value of blank NiCl,

solution was measured to be ~6.31 and remained almost constant. As shown in reaction
(2) and (3), the H, generated from reaction (3) cannot displace Ni** because the H,
generated on the Zn plate could quickly diffuse into the air, giving not enough time for
between H, bubbles and Ni2*. When the Zn foil loaded with CNTs was immersed into
NiCl, solution, the pH value near the surface of Zn foil increased gradually (Figure
S1b), indicating the increase of OH~. Accordingly, these reactions ((1) ~ (3)) can
happen. The precipitation reactions ((4) ~ (5)) can happen due to the combination of

remaining OH~ and metal ions (Ni?* and Zn?").
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Figure S1. The variation of pH value over time in blank NiCl, solution and near the

surface of Zn foil loaded with CNTs during immersing in NiCl, solution.
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Figure S2. (a) XRD patterns of Pt/NiO/Ni/CNT-1 and Pt/NiO/Ni/CNT-2. (b) XRD
patterns of NiO/Ni/CNTs and Pt/NiO/Ni/CNTs with the 26 ranging from 43° to 48°.
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Figure S3. Raman spectra of the acid-treated CNTs.
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Figure S4. SEM images and corresponding size distribution histograms of (a, e)
NiO/Ni/CNTs, (b, f) Pt/NiO/Ni/CNT-1, (¢, g) Pt/NiO/Ni/CNT-2 and (d, h)

Pt/NiO/Ni/CNT-3. The insets in (b) and (c) are TEM images of Pt/NiO/Ni/CNT-1 and
Pt/NiO/Ni/CNT-2 (scale bar: 100 nm).



(b)

Figure S5. TEM images of (a) commercial Pt/C and (b) corresponding magnified TEM

images.

Table S1. Element contents of Ni and Pt in NiO/Ni/CNTs and Pt/NiO/Ni/CNTs
obtained from ICP-OES.

Content NiO/Ni/CNTs  Pt/NiO/Ni/CNT-1 Pt/NiO/Ni/CNT-2 Pt/NiO/Ni/CNT-3

(Wt.%)

Ni 26.0 19.2 16.9 15.2
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Figure S6. XPS survey spectra of (a) the acid-treated CNTs and (b) corresponding high
resolution XPS Ols spectra. The Ols spectra is deconvoluted into O-1 (C=0 in
quinones/carbonyls, 531.2 £ 0.1 eV), O-2 (C=0 in esters, amides, anhydrides and
lactones, and C-O in phenol and ester, 532.4 + 0.2 eV), and O-3 (ester C-O in

COOR/(C=0)-0—(C=0), 533.5 = 0.1 eV).24

Table S2. Mass content (%) of Pt/C and as-prepared catalysts obtained from XPS

survey spectra.

wt. % Pt/C NiO/Ni/CNT Pt/NiO/Ni/CNT-1 Pt/NiO/Ni/CNT-2  Pt/NiO/Ni/CNT-3

S

Pt 279 - 2.9 8.5 10.0
Ni - 3.3 22 1.7 1.5
C 69.1 938 93.1 87.2 84.8
(0] 3.0 29 1.8 2.6 3.7

Table S3. Binding energy (B.E.) of different Pt peaks obtained from high-resolution
XPS Pt4f spectra for Pt/C and Pt/NiO/Ni/CNTs.

Pt/NiO/Ni/CNT-1 Pt/NiO/Ni/CNT-2 Pt/NiO/Ni/CNT-3

BE. 4f), 4fs5, 4t 4fs) 4t 4fs) 4t 4fs)
Pt 70.85 74.20 72.75 76.05 72.83 76.20 72.95 76.25
PtO 7190 75.15 73.75 77.20 73.75 77.20 73.75 77.20
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Figure S7. (a) Eip, Eonset and Jp for ORR in 0.1 M KOH catalyzed on the
Pt/NiO/Ni/CNTs and commercial Pt/C. (b) Mass-corrected Tafel plots obtained from
LSV curves of NiO/Ni/CNTs, Pt/NiO/Ni/CNTs and commercial Pt/C. Figure S8. CV

curves of Pt/NiO/Ni/CNTs and commercial Pt/C measured in Nj-saturated 0.1 M
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Table S4. ECSA and J,, of Pt/NiO/Ni/CNTs and Pt/C.

Pt/NiO/Ni/CNT-1 Pt/NiO/Ni/CNT-2 Pt/NiO/Ni/CNT-3
ECSA (m? gp, 1) 208.57 234.01 210.84 77.60

Jarea (MA cpc2) 0.05 0.40 1.90 0.40
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Figure S9. J..c of Pt/NiO/Ni/CNTs and commercial Pt/C for ORR at 0.9 V in 0.1 M
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Table S5. Comparison of ORR performance of Pt/NiO/Ni/CNT-3 with previously
reported NiPt-based catalysts in 0.1 M KOH.

Ein (V) Jinass (A mgp!) Electron

@09V number
Pt/NiO/Ni/CNT-3 0.942 11.43 3.93~3.95 This work

PtPdCo 0.966 3.58 N.A® S5
PtPdNi 0.955 2.55

NiPt TONPs 0.921 9.10 4.09 S6

P doped-PtNi/C 0.900 0.70 4.08 S7

PtNi/C 0.884 N.A. N.A. S8

Pt@PtNi 0.873 0.0733 N.A. S9

a N.A.: This data is not mentioned in the literatures.
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Figure S10. LSV curves of (a) Pt/NiO/Ni/CNT-1, (b) Pt/NiO/Ni/CNT-2, (c)

Pt/NiO/Ni/CNT-3 and (d) commercial Pt/C at different rotating speeds. The rotating

speeds are 400, 625, 900, 1225 and 1600 rpm (from top to down), respectively. The

insets in each figure are corresponding K-L plots obtained from LSV curves.
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Figure S11. TOFy; and TOFp, of NiO/Ni/CNTs and Pt/NiO/Ni/CNTs for OER at 1.6
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Figure S12. EIS of Pt/NiO/Ni/CNTs and commercial Pt/C for HER in (a) acid and (b)

alkaline media. The insets in (a) and (b) are partial enlarged section from (a) and (b).



Table S6. Comparison of trifunctional performance of Pt/NiO/Ni/CNTs with recently

reported catalysts in KOH.

ORR (E;j, V) HER (#10, OER (710, Mass Ref.
mV) mV) loading (mg
cm?)
Pt/NiO/Ni/CNT-1 0.838 2 1252 3502 )
Pt/NiO/Ni/CNT-2 0.878 129 400° 0.255 Thli
PYNIO/Ni/CNT-3 0.942¢ 170 470¢ wor
Co/CNFs(1000) 0.896% 190° 320° 0.3 S10
Fe-N4 SAs/NPC 0.885% 2020 430° 0.2 S11
O-N-CNs 0.882 3922 3812 0.49 S12
PPy/FeTCPP/Co 0.86°2 2702 3402 0.3 S13
CoP 0.8582 62.5" 330°® 0.2 S14
Co,P/CoN-in- 0.852 N.A.¢ 4202 0.1 S15
NCNTs
NOGB-800 0.842 220° 400° 04 S16
CosSg@MoS, ~0.832 143° 3420 0.408 S17
Co/CoP-HNC 0.832 180° 300° 0.19 S18
Co,Mn; DH 0.832 1870 2332 0.1 mg/2¢ S19
3D-CNTA ~0.832 1850 360° 0.408/0.815  S20
d
C-MOF-C2-900 0.8172 N.A. 350 0.2 S21
D-Co@CNG 0.81° 169@ss" 360° 0.2 S22
Copg5Se@NC ~0.812 2300 3200 0.408 S23
CoP@SNC 0.792 174° 350° 0.611 S24
FeNi;N/NG 0.79 98@nn"  258@rno" 0.510 $25
Nig,CogsSe 0.7692 730 280° 0.2 S26
Ti0,C@CNy 959 0.76° 494.5b 2407 0.283 S27
A-PBCCF-H 0.76°2 N.A.P 4102 0.255 S28
CoP/Co,Sy ~0.752 155° 3200 0.408 S29
Ni,Se ~0.74° 2330 330° 0.07 mg/0.6  S30
mg 4

Ni-Fe-MoN NTs 0.722 55b 228% 0.510/3.54 S31
(Ni,C0)S, 0.712 2102 2702 NA. 332
NiS,/CoS,-O NWs 0.702 174° 2350 0.2 S33
Zn-Co-S NN/CFP N.A.P 2340 320° 0.6 S34

a This data was measured in 0.1 M KOH. ® This data was measured in 1 M KOH. ©

N.A.: This data is not mentioned in the literatures. ¢ X/Y shows mass loading of



ORR/OER and HER, where OER and HER have the same catalyst loading, but different
with ORR.
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Figure S13. Typical discharge curves of primary Zn-air batteries with the
Pt/NiO/Ni/CNTs and Pt/C + RuQ; as cathode catalyst under continuous discharge until
complete consumption of Zn. Specific capacity was normalized to the mass of

consumed Zn at 10 mA cm™.
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Figure S14. CV curve of RHE calibration. The Exgagci Was determined to be the
average value of the two potentials where the currents are zero in this CV curve, and
this CV curve was measured in H,-saturated 0.5 M H,SO, with Pt wire as both WE and
CE, and Ag/AgCl electrode as RE.

Table S7. Comparison of the electrochemical performance of Pt/NiO/Ni/CNTs-3 for



overall water splitting in 1 M KOH electrolyte with some catalysts reported previously.

Catalysts Loading Substrates Voltage iR- Ref.
(mg cm) (V)at 10 compensation
mA cm
Pt/NiO/Ni/CNTs-3 2 Carbon paper 1.61 No This
work
Nest-like NiCoP 2 Carbon cloth  1.52 N.A2 S35
CoP/Co9Sg 2 Ni foam 1.60 N.A. S29
O-N-CNs 1 Carbon paper 1.604 N.A. S12
CoP@SNC 1 Ni foam 1.61 N.A. S24
NOGB-800 1 Carbon cloth  1.65 N.A. S16
Co,Mn; DH 35 Carbon paper 1.65 N.A. S19
EG/CoggsSe/NiFe- 4 Graphene foil 1.67 Yes S36
LDH
3D-CNTA 2 Ni foam 1.68 N.A. S20
Co/CNFs(1000) 1 Self- 1.69 N.A. S10
supported
Zn-Co-S NN/CFP 0.6 Self- 1.71 N.A. S34
supported

a2 N.A.: This data is not mentioned in the literatures.
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