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Analysis of the Niep/C and Niep/GDE electrodes for possible Pt contamination.

The composition of Ni nanoparticles deposited on either XC-72R carbon (Niep/C) or SGL carbon cloth
(Nigp/GDE) was analyzed by X-ray Energy-dispersive spectroscopy (X-EDS) combined with either
Transmission Electron Microscopy (TEM) or Scanning Electron Microscopy (SEM). Figures S1 and S2
show a typical TEM or SEM micrographs of the Nieo/C and Nieo/GDE samples, respectively, along with
the corresponding X-EDS analyses from the highlighted areas. The expected positions of Pt peaks are also
highlighted for clarity to ensure the absence of any Pt contamination on the surface of the Nigo/C and

Niep/GDE samples after the synthesis.
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Figure S1. (a) TEM image of Nigp/C sample and corresponding X-EDS analyses from the marked areas
(b) 001, (c) 002, (d) 003.
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Figure S2. SEM images of Niep/GDE-L sample obtained at (a) 3 or (b) 10 kV and corresponding X-EDS

analyses from the marked areas (a1, bl).

S3



The most active sample, i.e. metallic Niep/C was also studied by XPS after the potentiostatic
measurements of borohydride oxidation presented on Fig. 2c from the main text of the manuscript. Before
the measurement, the electrode (GC disk with supported Niep/C electrocatalyst) was thoroughly rinsed with
water to remove any trace of NaOH and NaBH, electrolyte from its surface and dried under N; flow. Then
the electrode was placed in the XPS chamber as is (without scratching the catalyst layer). Figure S3 shows
a survey spectrum along with magnified areas around the binding energies of Pt (4fz, — 71 eV, 4fs;, — 74
eV, 4ds, — 315 eV, 4ds, — 332 eV, 4pa. — 520 eV)L. As can be clearly seen from Figures S3b - d, absolutely
no Pt features can be found on the spectrum, revealing the absence of Pt contamination after the BOR test.
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Figure S3. (a) Survey XPS spectrum obtained for metallic Nieo/C electrode after potentiostatic
measurements in 1.0 M NaOH + 5 mM NaBHy., at @ = 1600 rpm and E = 0.1 V vs RHE. Panels (b), (c) and
(d) magnify the areas where 4f, 4d and 4p peaks of Pt, respectively, might be expected.

S4



Preparation of the Nigp/C catalyst with various state of the electrode surface

To explore the influence of surface oxide species on electrochemical and electrocatalytic properties of
Niep/C, three states of its surface were considered. In the first case, the experiments were performed
immediately after the preparation of the sample and quick rinsing of the electrode by water (to remove the
Ni salt left on the surface after electrodeposition). Such electrodes represent metallic state of the Ni surface,
substantially free from oxide species. In the second and third cases, before conducting the measurements,
the Nigp/C electrodes were rinsed by water and then subjected to surface-oxidation in supporting 1.0 M
NaOH electrolyte. The latter was done electrochemically by either applying potential of E = 1.0 V vs RHE
for 5 minutes or recording 5 consecutive scans between E =-0.2Vvs RHEand E=1.6 V vs RHE at v =20
mV st These corresponding electrodes represent a partially- or strongly-oxidized state of the Nigp/C
electrode surface, respectively. Prior to the addition of the borohydride solution to the electrolyte, the
Niep/C electrodes were conditioned in 1.0 M NaOH between E = -0.2 V vs RHE and E = 0.4 V vs RHE
until stabilization of the CV profile. After that, the electrochemical surface area was evaluated by acquiring
CVs in the potential interval from E = -0.06 to 0.40 V vs RHE (Figure S4) and considering the entire value
of the anodic charge and the 0.514 mC cm conversion coefficient 2.

Electrochemical characterizations
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Figure S4 CV curves for (a) strongly-oxidized, (b) partially-oxidized and (c) metallic Nigo/C obtained in
N-saturated 1.0 M NaOH at v = 20 mV s*. The patterned area of the CVs was integrated to estimate the
electrochemical surface area of Ni.
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Figure S5 Evaluation of CV curves obtained for (a) strongly-oxidized and (b) partially-oxidized Nieo/C in
N-saturated 5 mM NaBH; + 1.0 M NaOH at v =20 mV s,
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Metallic Ni.,/C 1 M NaOH + 5 mM NaBH,
20 mV s, 1600 rpm

0.2 0.0 0.2 04 0.6 0.8
E (V vs RHE)

Figure S6 CV curves obtained for metallic Nieo/C under N2 atmosphere in 1.0 M NaOH + 5 mM NaBH,
atv=20 mV s, ® = 1600 rpm and various anodic potential limit (0.1, 0.2, 0.3, 0.4, 0.6, 0.8 V vs RHE).
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Figure S7 Potentiostatic measurement of the (a, b) Nieo/C and (c, d) Pt/C electrodes in N»-saturated 1.0 M
NaOH + 5 (a, c) or 50 (b, d) mM NaBHj, electrolyte (w = 1600 rpm; -0.2 < E < 0.3 V vs RHE).
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Figure S8 CV curves obtained for (a) Nieo/C and (b) Pt/C using rotating disk electrode in N2-saturated 1.0
M NaOH + 5 mM NaBHj electrolyte at v = 20 mV-s* and various rotation speeds. (c, d) Corresponding
Koutecky-Levich plots at various potentials.

The rotating rate dependence of the RDE polarization curves has been analyzed using Koutecky-Levich
equation:

JT =it Hat =i + B8

where jx and jg correspond to kinetic and diffusion-limited current density, respectively.

The Koutecky-Levich plots for Pt/C electrode (Figure S7d) almost cross 0, showing that the limiting
currents are established at potentials above 0.1 V vs RHE. On the contrary for Niep/C sample, a significant
deviation from an expected line is observed (Figure S7c) likely due to a change of the number of released
electrons of the BOR at different potentials.

The slope B can be calculated according to the Levich equation as:

B =0.62 -anFv_%CO,

where n is a number of involved electrons in the BOR, F is the Faraday constant (96485 C mol™?), Co is
the concentration of the NaBH4 in 1.0 M NaOH (i.e. 5 mM), D is the the diffusion coefficient of BH4
(2.6-10° cm? s %), v is the kinematic viscosity of the electrolyte (0.0118 cm? s 3). Thus the theoretical
values of the B are calculated to be 2.81, 1.40, 0.94, 0.70 at the release of 2, 4, 6 and 8 electrons in the BOR,
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respectively. Therefore, analysis of the Koutecky-Levich plots presented on Figures S7c, d shows that the
number of released electrons is close to 4 and 6 for Niep/C and Pt/C catalysts, respectively.
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Figure S9 (a, b) CV curves obtained for Au/C in Nz-saturated 1.0 M NaOH + 5 (black curve) or 50 (red
curve) mM NaBHg at v =20 mV s and o = 1600 rpm. (c) Potentiostatic measurement of the corresponding
electrode in N2-saturated 1.0 M NaOH + 5 or 50 mM NaBH, electrolyte (w = 1600 rpm; E=0.2 V vs RHE).
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Figure S10. (a) C 1s and (b) B 1s X-Ray photoelectron spectra obtained for metallic (1, 2) and strongly-
oxidized (3, 4) Nigp/C samples after their treatment in either 1 M NaOH (1, 3) or 1 M NaOH + 50 mM
NaBH. (2, 4). B 1s spectrum of metallic NiED/C samples after potentiostatic treatment (at E = 0.1 V vs

RHE for 15 min) in 1 M NaOH + 50 mM NaBH4 was curve-fitted with Ni-B (blue) and B*" (green)
components based on the literature data “-.
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Figure S11 Representative TEM images of the Nieo/C nanoparticles upon their synthesis by
electrodeposition (a, ¢) and after BOR characterizations (b, d).
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Figure S12. CV curves obtained for metallic Niep/C under N, atmosphere in 1.0 M NaOH and various
concentrations of NaBHa4, v =20 mV s, ® = 1600 rpm

Figure S13. TEM (a) and HRTEM (b) images of the Niep/GDE-L nanoparticles. Too high size of Ni
particles prevents from the detailed analysis by TEM, although the nanostructured nature of the particle is
clearly seen.
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Figure S14. Ohmic-drop corrected I-U and I-P curves obtained in unit fuel cell configuration using
Niep/GDE-L anodes and Pt-black/GDE cathode, 0.50 M NaBH4 + 4.0 M NaOH, pure oxygen. ‘Fresh’
sample was introduced in the DBFC right after the preparation; ‘EC-0x’ sample was first subjected to
electrochemical oxidation by applying E = 1.0 V vs RHE for 3 min in 1.0 M NaOH electrolyte; ‘Air-ox’
sample was kept under contact with air for few days before being studied.
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Figure S15. Variation of the H; current densities measured by a PEMFC operating in hydrogen pump mode
at 0.6 V, positioned downstream the unit DBFC — the results are presented as a function of the DBFC cell
voltage.
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Table S1 Atomic ratios of Ni, O, C, B in the studied Nigp/C samples

Sample 0, % Ni, % C, % B, %
AViNoH +somm e, | 0 | 199 | e |0
Strongly-(ix'i\ﬁizNe;Ol\'I_i'ED/C after 249 12.4 63.4 0

NaoH - sommnagr, | 6 | M8 | m9 | o
Metallic l\ll\;Z[éCHafter 1M 224 11.9 65.7 0

Quantitative calculations were performed using the XPS peak areas. The % surface ratio of all elements of
the 4 samples was calculated by using the area of the core level peaks, normalized to the photoemission
cross section by assuming a homogeneous distribution arrangement model.
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Table S2. Review of electrochemical performances in the BOR. Symbols: C is the concentration, Sgeom IS the geometric surface area of the electrode,
ECSA is the electrochemically active surface area, T is the temperature, w is the rotation rate, j is the current density at specified potential E, v is the
cycling voltammetry sweep rate.

Catalyst Loading,  CwapH4, Sgeom, ECSA, T, o, Chronoamperometry Cyclic Voltammetry Ref.
mgcm?me MM cm?>  m?g! °C rpm i i, v, j» MA cm2geom i, A glmet
MA cmMZgeom A g met mV st [E, V vs RHE] [E, V vs RHE]
[E, Vvs RHE] [E, V vs RHE] 0 0.1 0.3 0 0.1 0.3

Metallic 0.087 50 0.196 856 25 0 20 352 423 56.1 405 486 645  This
Nied/C 1600 166 [0.2] 1908.3 [0.2] 101 156 187 1160 1796 2151 work

0.075 5 93.4 19.6 [0.1] 259.7 [0.1] 20.7 216 233 274 286 309
Partially 0.071 5 86.8 13.3[0.1] 185.8 [0.1] 8.8 13.4 6.2 116 178 81.7
oxidized
Nied/C

0.085 5 76.2 1.8 [0.1] 20.8[0.1] 1.4 2.9 1.6 19.0 381 217
Strongly
oxidized
Nied/C
Ni@MWCNTs 18 50 1 - r.t. 0 220 [0.34] 12.2[0.34] 74 120 226 4.1 6.7 12.6 [
/ Ni Sponge 100 320 [0.34] 17.8[0.34]
Nig2.1Cus7.9-90 6.4 30 1 - 25 0 13.8 [0.08] 2.2 10.08] 25 15 21 30 2.3 3.3 4.7 [
foam 17.1[0.18] 2.7 [0.18]
Nis7.9Cu3s.1-180 16.4 18.2 [0.08] 1.1 [0.08]
foam 22.6 [0.18] 1.4 [0.18]
Ni-Ru/C - 190 0.8 - 25 0 49.3 [0.06] 1
Ni-Ru-F/C 68.4 [0.06] 20.7 [0.06]
G-Co 0.36 50 0.785 26 25 0 10 - 0.8 3.1 - 2.3 8.7 [*9
G-Ni 0.19 31.2 1.6 4.4 6.8 8.2 232 355
G-Co-Ni 0.24 518.6 352 559 100 147 233 417
(4.5:1:1)
Ni/C 0.177 200 0.283 - 20 1600 50 8.5 155 431 479 878 2436 [Y]
Ni37-Pt3/C 9.7 18.0 502 549 102 284
Cus1Niz7Pd1.@ 0.207 50 1 196.4 rt. 0 20 6.5 18.3 60 314 884 290 [
Ni foam (for Pd)
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Table S3. Review of DBFC performances. Symbols: T is the operating temperature, S is the geometric active surface area, P is the power density (not
necessarily the maximum value, depending on the information available) obtained at the current density j.

Anode composition Cathode Separator Anodic fuel Cathodic fuel T,  Sgom, P (MW cm?) Mass activity Ref.
composition °C cm?®  [j (mAcm?)] basis (W gtanode)
Niep/GDE-L (0.60 mgn; cm?) + Nafion® Pt-black NRE212 0.5 M NaBH4 + 0, 60 8 235 [430] 391.7 This
2
Nigo/GDE-H (3.6 mgyi cm?) + Nafion® (2 mget cm?) 4.0 M NaOH 243 [425] 67.5 work
Pt-black/GDE (2 mget cm™) + Nafion® 88.3[190] 44.2
Ni powder (70 mgni cm?) + PTFE, on Ni LaNiooRU0103 PFM 0.8 M KBH4 + 0, r.t. 1 93 [120] 1.3 %]
foam (7.5 mg cm?) 6 M KOH
Ni-B powder (70 mgnis cm?) + PTFE, on Ni 180 [400] 2.6
foam
Ni (3.68 mgni cm?) + Pd/C (0.13 mge: cm?) Pt/C N212 5 wt% NaBH, + 0, 60 5 448 [900] 117.6 [*4
+ Nafion®, on Ni foam (1 mgpt cm?) 10 wt% NaOH
Ni (3.68 mgni cm?) + Pd/C (0.13 mge: cm?) CS 685 [1400] 179.8
+ CCH, on Ni foam
Ni (3.68 mgni cm™) + Pd/C (0.13 mge; cm?) PU/C cs 5 wt% NaBH, + 0, 70 5 810 [1680] 212.6 [5]
+ CCH, on Ni foam (1 mgp: cm2) 10 wt% NaOH
Ni powder (0.96 mgni cm2) + Pd/C (0.04 PU/C N212 5wt% NaBH, + 0, 60 5  237[575] 237.0 []
mgpa cM2) + Nafion® (1 mgpe cm?) 10 wt% NaOH
Ni powder (0.96 mgni cm™) + Pt/C (0.04 mgpt 270 [600] 270.0
cm?) + Nafion®
Ni powder (4.8 mgni cm) + Pd/C (0.2 mgpg 261 [600] 261.0
cm?) + Nafion®
Ni/C (1.0 mgni cm?) + Nafion® PU/C N212 5wt.% NaBH, + 0, 60 5  150.6[340]  150.6 [
—2 0,
Ni37-Pt3/C (1.0 mg cm?) + Nafion® (1 mge: cm™) 10'wt.% NaOH 221[500] 2210
Ni35-Pt5/C (1.0 mg cm2) + Nafion® 212.5[500] 2125
Ni30-Pt10/C (1.0 mg cm?) + Nafion® 210 [500] 210.0
Pt/C (1.0 mgp: cm2) + Nafion® 106.3 [232] 106.3
Ni powder (14.4 mgni cm™) + ... Pt/C N112 10% NaBH, + Air 60 100 [*1
Pd/C (0.6 mgps cm2) + PTFE, on Ni foam (1 mgpecm2) 20% NaOH 180 [340] 12.0
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Pd/C (0.6 mgpg cm2) + Nafion®, on Ni foam 240 [430] 16.0
Ni powder (0.6 mgni cm™2) + Nafion®, on Ni 180 [430] 12.0
foam
Au/C (0.6 mges cm2) + Nafion®, on Ni foam 190 [430] 12.7
Ag/C (0.6 mges cm~2) + Nafion®, on Ni foam 205 [430] 13.7
Ni/C (2 mgni cm?) + Nafion® Pt/C N117 5 wt% NaBH, + 0, 85 41 [75] 20.5 [*8]
(2 mgp: cm?) 10 wt% NaOH
Ni powder (167 mgni cm?), on Ni foam Pt/C NRE211 5% NaBH4 + Air 25 40 [83] 0.24 [*°]
(1 mgp: cm?) 6 M NaOH
Pd/C (1 mgeg cm2) + CMSEBS55 + PU/C N117 15M NaBHs +  15wWt% H,0,+ 70 300 [330] 300.0 [2]
Nafion®, on Ni foam (1 mge: cm?) 3 M KOH 1.5 M H,S04
Cni-Spa/PANI (1 mg cm™2) Pt/C Nafion 2MNaOH+ 05MH,SO,+ 60 120.2 [182] 120.2 4
—2
Cri-Sralf GO (1 mg cm?) (0.5 mgec cm) 1 M NaBH, 2 M K0, 310.2[249]  310.2
Cni-Spa/rGP1) (1 mg cm™2) 339.1[279]  339.1
Ni@PYMWCNT (1.0 mg cm) + Nafion® PU/C N117 2MNaOH+ 05MH,SOs+ 60 162.6[162] 1626 2]
—2
Ni@PA/MWCNT (1.0 mg cm?) + Nafion® (-2 Mgrtom™) 1 M NaBH, H20; 246.8[225]  246.8
Ni@Ru/MWCNT (1.0 mg cm) + Nafion® 119.6[112] 1196

CCH: chitosan chemical hydrogel binder; rGO: reduced graphene oxide, PANI: pure polyaniline, rGP: mixture of rGO and PANI; MWCNT: multi walled carbon nanotubes;

NRE212, NRE211, N112, N212, N117 are types of Nafion® cation-exchange membranes (DuPont); CS is a chitosan-based polymer electrolyte membrane; PFM is a polymer fiber

membrane
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