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Flexibility display of rGO foam and Au-NP@eGO foam electrode

Fig. S1 The flexibility display of rGO foam.

Fig. S2 The flexibility display of Au-NP@rGO foam electrode.
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SEM images of Au-NP@Ni foam electrode
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Fig. S3 SEM images of Au-NP@Ni foam electrode.

The electrochemical active surface area of Au-NP@Ni foam electrode
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Fig. S4 A wide potential window CV tests of Au-NP@Ni foam electrode that tested in 2 mol-L"!
NaOH at a scan rate of 10 mV-s™!.
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Study on kinetic parameters in NaBH4 oxidation reaction

The oxidation of NaBH4 on the Au-NP@rGO foam and Au-NP@Ni foam

electrode can be evaluated by the following equation [S1]:
Jp = ZCI@aBHA‘ (Eq.S1)

Where j, is the peak current density (A-cm™), z is a constant, C refers to the
NaBH4 concentration (mol-cm™) and £ is the reaction order concerning Cnapr.
According to the slopes of /n j vs. In Cyasus plots in Fig. 4(c) and Fig. S5(c), the
value of f is calculated as 0.96 and 0.95 on Au-NP@rGO foam and Au-NP@Ni

foam electrode, respectively.

The relationship between peak potential, £, (V), and scan rate v (V-s!) for an

irreversible electrochemical process can be described by Eq. S2 [S2].

1/2
‘ :Eo{LHO.MLm[m} } (Fq. 52)
F k RT
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where E’ is the formal potential (V), R is the universal gas constant (8.314
JK--mol ™), T is the temperature (K), a is the charge transfer coefficient, n, is the
number of electrons involved in the rate-determining step, F is the Faraday constant
(96485 C-mol'!), D is the diffusion coefficient of BHs (cm?:s!) and £ is the

standard heterogeneous rate constant (cm-s™).

Dgpi values at different temperatures used for evaluation of n, were calculated
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using the expression proposed by Wang and coworkers [S3] (Eq. (S3)) that takes
into account Dpy, change with the temperature, which is valid for 2 M NaOH
solutions and does not depend on BH4™ concentration.

Lo [—15.2x10°
D,, =557x107 exp[Tj (Eq. 53)

The values calculated from Eq. (S3) were multiplied by 2, as recent precise
Dpu: determination [S4] has shown that exact Dgu, values are twice of those

generally reported in the literature.

a ) b )ms ¢ )
1——0.01 M NaBH: . -

org] 2002 M NaBHy T ons

0 0T 50,03 M NaBHY £

£ 4—— (.04 M NaBH: g - 21

0 5——0.05 M NaBH: < o

= " Z Slope = 3.3 i Slope =0.95

.E 4 2 @

@ by

E = 0084 < 27

= 3 H] b

< 0054 @ S

s 2 = 006 304

E 1 2

= ™

© 000 2 i u .33

2 oo

T T T T T T T T T T T T T T T T T T
-12 -10 08 06 04 02 00 0.01 002 0.03 0.04 005 1.7 -114 111 -10.8 -10.5 -10.2 99

E (V vs Ag/AgCl) NaBHi concentration (mol-L™) InC,_, (mol-em™)

NaBH¢

d )UZD
— 005 V5"

(¢
S~

L]
S’

2
045 £ 0.2 o6
g J
: :
< 4 -~
= ) 034 G
2 (Al = s %3 £ 014
£ 3 S :
o Y
] E = = < Slope = 0094
= o Slope =0.114 p
< 0.054 04 P ~ 0124
=
2
-
=
O 0004 0.5 0.10- .
T T T T T T T T T T T T T T . . . T T
12 -1.0 08 08 04 02 0.0 02 =30 25 -2.0 -15 -1.0 05 0.0 02 04 06 08 1.0
E (V vs Ag/AgCl) Inv (Vs V12 (Y1

Fig. S5 LSV curves of Au-NP@Ni foam electrode under different concentration of NaBH4 and 2
M NaOH at a scan rate of 50 mV-s™! (a) and the corresponding j, vs. Cnagu4 plots (b), Inj, vs.
InCnapns plots (c). LSV curves recorded at different v of Au-NP@Ni foam electrode in 2 M
NaOH and 0.03M NaBH, (d) with the dependence of E, on In v (¢) and dependence of j, on v'?2
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Utilization of NaBH4 on Au-NP@rGO foam electrode

a)  BH +SOH =BO;+6H0+8¢ (S4) C) H,+20H =2H,0+2 (S6)

@ e
000—>BH; - Q-)DH

H -
ie
Gg->H, 9—) H,O @—selectron e T . ap

Fig. S6 Schematic diagram of electro-oxidation of NaBH4 (a), hydrolysis of NaBH4 (b) and the
electro-oxidation of trapped hydrogen which produced by the hydrolysis of NaBHj4 (¢).

Electrochemical impedance study

Fig. S7(a) shows the Nyquist plots under the situations of absence and
presence of NaBHs; at -0.1 V. Without NaBH4, the Nyquist plots contain a
semicircle in the high-frequency region and a straight line in the low-frequency
region which indicates that electrochemical process is controlled by both charge
transfer process and diffusion processes. When NaBHs was added to the solution,
the Nyquist plots displayed two adjacent semicircles in high and low-frequency
regions, respectively. From the comparison of Nyquist plots in Fig. S7(a), it is not
difficult to conclude that when NaBH4 is added to the solution, the semicircles in
low-frequency regions can be attributed to the direct oxidation of NaBH4. Besides,

the Nyquist plots in 2 mol-L! NaOH and 0.4 mol-L-! NaBHj at different potentials
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were displayed in Fig. S7(b). With the polarization potential moving to a more
positive value, the charge transfer resistance displayed an unceasingly decreased
trend. This phenomenon implies that a more positive potential is beneficial to

reduce the charge transfer resistance and accelerate the electrooxidation of NaBHy
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Fig. S7 Nyquist plots in the situations of presence and absence of NaBH4 at -0.1 V (a). Nyquist
plots at different potentials in 2 mol-L"! NaOH and 0.4 mol-L-! NaBH4 (b). Nyquist fitting curves
(c) and the corresponding equivalent circuit diagrams (d).Frequency range:100 kHz to 10 mHz.

The Nyquist fitting curve was shown in Fig. S7(c), and ZSimDemo software
was used to perform the fitting. Fig. S7(d) shows the corresponding equivalent
circuit diagram. In the equivalent circuit diagram, R; is the solution resistance; R;
means the charge transfer resistance of the transition between Au oxide and Au [S6];
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R> represents the charge transfer resistance of direct electrooxidation of NaBH4 on
the electrode. Q: and Q> are the constant phase element (CPE). The specific value
of each component is shown in Table. S1. The value of solution resistance (Rs) of
Au-NP@rGO foam electrode in 2 M NaOH and 0.4 M NaBHs is 0.6 2, which
reveals the good conductivity of the electrode in the test solution. When the positive
move the potential from -0.5 V to -0.1 V, the charge transfer resistance (R;) of the
transition between Au oxide and Au is reduced from 1.133 to 0.447 Q, indicating
that a more positive potential is helpful for the regeneration of the Au catalyst. Also,
with the positive move of potential, charge transfer resistance of direct
electrooxidation of NaBH4 (R») is decreased from 0.397 to 0.108 Q reveals that the
oxidation of NaBHyj is easier to occur at a positive potential. The minimal charge
transfer resistance of NaBHs electrooxidation reaction implies that Au-NP@rGO

foam electrode is a high-efficiency catalyst.

Table. S1 The value of each circuit component at different potentials

Potential L& Qi-Yo = Q2-Yo
V) Qi-n
Q-+cm?) (Ql'm?2s") Qecm?) (Q''m?2s")
-0.5 0.61 0.003056 0.7693 1.133 0.1112 0.7528 0.397
-0.3 0.60 0.002918 0.7693 0.764 0.8056 0.7852 0.231
-0.1 0.62 0.000872 0.8603 0.447 0.8781 0.6795 0.108
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Fuel cell performance comparison

Table S2. Fuel cell Performance Comparison for Various Reported Anode

Cathode Open-circle Power density
Anode catalyst Anode fuel Cathodic oxidant ref
catalyst voltage (V) (mW-cm?)
Au/C (0.17 mg Au
2 Pt mesh 0.5 M NaBH; +2 M NaOH 4.5 M H,0, + 2.0 M HC1 1.41 8.72 [S5]
cm’
AuNi;Cuy/C (0.17 mg
Pt mesh 0.5 M NaBH4 +2 M NaOH 4.5 M H,0, + 2.0 M HC1 1.78 60.51 [S5]
metal cm™2)
Au/C (2 mg of Aucm™) Pt/C 2.5 M NaOH + 1.32 M NaBH4 O - 72 [S7]
Pt/PPy-Cssy (0.05 mg of
P ) Pt/PPy-Cssv, 1 M NaBH,4 +4 M NaOH 5M H,0; + 1.5 M HCI 1.77 59.6 [S8]
tem™
Pt/C (4 mg of Pt cm™2) Pt/C 3MNaOH+1MNaBHs 2M H202+ 0.5 M H2SO4 1.66 35 [S9]
Pt/C Pt mesh 2M NaOH + 0.5 M NaBHs 4.5M H20, +2.0 M HCI 1.8 314 [S10]
Pd(hollow)/C (0.9 mg of
Pt/C 3 M NaOH + 1 M NaBH,4 2 M H,O: + 1 M HSO4 1.84 48.4 [S10]
Pd cm™)
Au/C (0.9 mg metal
=) Au/C I MNaBHs+3MNaOH 2M H;0, + 0.5 M H2SO4 1.6 21.8 [S11]
cm
AusoFeso/C (0.9 mg
Au/C 1 M NaBHs+3M NaOH 2 M H;0;+ 0.5 M H2SOq4 1.6 34.9 [S11]
metal cm™2)
LaNig9Ruo.103/ .
Au@CoB (70 mg cm™?) 0.8 M KBH4+ 6 M KOH Air 1.07 85 [S12]
CNT/Ni foam
LaNipoRuo 103/ .
pure Au 0.8 M KBH4+ 6 M KOH Air 1 46 [S12]
CNT/Ni foam
Pt/C pasted on carbon ~ commercial
1 M NaBH4 + 5 M NaOH pure oxygen 0.92 46.5 [S13]
cloth (0.5mg-cm?) Pt/C
Au-NP@rGO foam (1.7 This
Pd/C 0.4 M NaBH4+2 M NaOH 2 M H;0; + 0.8 M H2SOq4 1.63 60
mg metal cm™2) work
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