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Experimental information

Reagents and electrodes

Commercial reagents, such as p-nitrobenzaldehyde (p-NBD), diphenylsilane,
tetrabutylammonium tetrafluoborate (BusNBF4), CH3CN (HPLC grade) and H,SO4, were used as
received without further purification. The electrode materials, including bulk Zn, Fe, Al, Pb, Pt, Cu,

Ag, Au, AuAg alloy, glassy carbon and graphite, were obtained from IKA WORKS GUANGZHOU.
Preparation of NPG electrode

NPG films with different pore size were obtained by dealloying AusoAgso (at.%) foils via free
etching. Specifically, the AuspAgso foils were floated upon 67 wt% HNOj at 5 °C for 30 min, 20 °C
for 30 min and 30 °C for 120 min, respectively. The corresponding NPG films with pore size of 15,
30 and 50 nm could be obtained, which were defined as NPG-S, NPG-M and NPG-L. The obtained
NPG films were washed 3-4 times with ultrapure water and finally adhered to the glassy carbon
electrode with polyvinylidene fluoride as agglomerant.

The NPG-M@Au and NPG-M@Ag were obtained by electrochemical reduction method,
where the NPG-M was coated with Au (Ag) in a N>-saturated mixture solution of 0.1 M HCIO4 and

0.5 mM HAuCls (AgNO3) at 0.8 V (0.1V) versus SCE for 10 min.
Structural characterization

Powder X-ray diffraction (XRD) data were measured on a SmartLab 9KW diffractometer with
a Cu Ko monochromatized radiation source (A=1.5418 A), operated at 40 KV and 30 mA.

The morphology of samples was observed by scanning electron microscopy (SEM, FEI Verios
460L) and a high-resolution transmission electron microscope (TEM, FEI Talos F200X) (operated
at 200 kV).

X-ray photoelectron spectroscopy (XPS) measurements were carried out on a ThermoFisher
ESCALAB 250Xi. Monochromatic Al Ka (1486.6 eV) x-ray source was used as incident radiation.
The base pressure in the measurement chamber was 2 x 107!% mbar. The analyzer slit was set to 0.4
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mm and a pass energy of 200 eV was chosen, resulting in an overall energy resolution better than
0.5 eV. Charging effects were compensated by use of a flood gun. The binding energies were
calibrated using the C1s peak at 285 eV as a reference. The XPS peaks are analyzed using a Shirley-
type background and a nonlinear least-squares fitting of the experimental data based on a mixed

Gaussian/Lorentzian peak shape.

Electrochemical characterization

A CHI760E electrochemical workstation (CH Instrument Inc. USA) was employed to carry out
Linear Sweep Voltammetry (LSV) and Cyclic Voltammetry (CV) utilizing a three-electrode  cell
system. Electrochemical Impedance Spectroscopic (EIS) measurements were also performed, where
the frequency was varied from 0.1 Hz to 1x10° Hz with an A.C. voltage amplitude of 10 mV. An
Ag/AgCl (3.0 M KCl) and a graphite plate were used as the reference electrode and the counter
electrode, respectively. The reaction kinetics of p-nitrobenzaldehyde reduction at the different NPG
electrodes was analyzed using the Tafel plot.

Electrochemically active surface area (ECSA) measurement: To determine the ECSA, CV
measurements were performed at room temperature in an No-purged 0.5 M H>SO4 with a scan rate
of 50 mV s*!' and a potential range between -0.24 V to 1.46 V (vs. Ag/AgCl), which can provide
direct chemical identification of species exposed to the electrolyte. And a graphite plate and
Ag/AgCl (3 M KCI) were used as the counter electrode and the reference electrode, respectively.
Before CV measurement, the working electrode was pretreated electrochemically for 10 cycles until
a stable CV curve was obtained. The EASA was determined by integrating the reduction peak

(centered at ~0.9 V vs. Ag/AgCl) to calculate the charge that was associated with the reduction peak.

Electrochemical Measurements

All measurements were carried out in a H-type cell (10 mL per chamber) with cation exchange
membrane (DuPont® Nafion-117). Pretreatment of the electrodes was carried out to remove the
metal oxides, which can deactivate the reaction when existing on the electrode surface. After
polishing with sand paper, Zn, Fe, Al, Pb, Pt, Cu, Ag, Au, AuAg alloy electrodes were acid washed
with 1 M HCl solution for 0.5 h. After pretreatment, all electrodes were rinsed with deionized water.
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The current density (mA cm™) was obtained based on geometric area (1.2 cm?). In all experiments,
an Ag/AgCl (3.0 M KCl) and a graphite plate were used as the reference electrode and the counter

electrode.

Product analysis

The products were filtered through a short silica gel column to remove the electrolyte, and
a small partial of solution was analysed with a PerkinElmer Clarus 580 gas chromatograph
equipped with a flame ionization detector (Elite-5 GC column: 30 mx0.25 mmx0.25 pm), where n-

decane as internal standard. The TOF value was calculated based on the ECSA as following:

mol of p — NBD converted

TOF =
mol of surface Au atoms X reaction time (h)
ECSA x 1016
Mol of surface Au atoms = ————
2mR* X NA

Wherein, R is the radius of Au atom (1.79 A); NA is Avogadro's constant (6.02x10%%).

General procedure for electrochemical reduction of carbonyl compounds

As a typical experiment, a H-type cell (10 mL per chamber, divided by a cation exchange
membrane, DuPont® Nafion-117) was charged with an NPG-M (1.2 ¢cm?) film as a working
electrode, an Ag/AgCl (3.0 M KCl) as the reference electrode and a graphite plate as the counter
electrode, which were connected to an electrochemical workstation regulated power supply. To this
cell, BuuNBF4 (0.20 mmol, 65.9 mg), CH3CN (10 mL) were added to each chamber, and Ph,SiH,
(1.0 mmol, 184.3 mg), p-nitrobenzaldehyde (1.0 mmol, 151.1 mg) were added in the cathodic
chamber. Then the reaction mixture was electrolyzed under -0.6 V constant potential at room
temperature with magnetic stirring until p-nitrobenzaldehyde was completely converted (monitored
by TLC). After the reaction, dodecane (50 pL) was added to the solution as an internal standard for
GC analysis. Known products were further analyzed by using GC-MS, '"H NMR and verified by

comparison of authentic samples.
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Fig. S1 Influence of Ag on the catalytic performance.
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Fig. S2 SEM images of the NPG catalysts before and after reaction.
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Fig. S3 XRD patterns of the NPG catalysts.
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Fig. S4 Active surface area of the NPG catalysts before and after reaction.
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Fig. S5 CV curves of the NPG electrodes in CH3CN with substrates (a); Nyquist plots measured at
—0.6 V (vs. Ag/AgCl) in CH3CN with substrates (b). Substrates: 1 mmol p-NBD, 1 mmol Ph,SiH,.
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Fig. S6 CV curves of the NPG-M electrode in CH3CN with or without substrates. Substrates: 1
mmol p-NBD, 1 mmol Ph,SiH,.
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Fig. S7 Electrochemical catalytic performance of NPG-M as a function of reaction time at a
potential of -0.6 V (vs. Ag/AgCl).
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Fig. S8 LSVs (a) and CVs (b) of the NPG-M electrode in p-NBD/CH3CN solution with different
concentration; Influence of p-NBD concentration on catalytic performance of the NPG-M electrode.
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Fig. S9 Comparison of catalytic performance of NPG catalysts with or without activation
treatment (activated at -0.8 V for 5 min in CH3CN).

13



(111)

;— (200)

 (220)
(311)
(222)

NPG-M-R

Intensity (a.u.)

NPG-M Jd

15 30 45 60 75 90
2 Theta (deg.)

Fig. S10 XRD patterns for the NPG-M before and after reaction.
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Fig. S11 C 1s spectra for the NPG before and after reaction.
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Table S1 Comparison of catalytic performance on selective reduction of p-NBD for the NPG and
literature reported catalysts.

Catalysts Conditions Conversion  Selectivity TOF (h") Ref.
Ru complexes 50 bar of H», 80 °C, 12 100% 100% 162.5 1
h
Iron(IT) PhSiH3, 60°C, 1 h 100% 100% 200 2
complexes
Ni(II) NaBHg, rt, 2 h 99% 100% 500 3
complexes
Iridium H,,30°C,1h 98% 83% 40.7 4
clusters
Aun(SG)m 20 bar of Hz, 80 °C,9 h 83.2% 100% 46.2 3
Augy(SPh)s 20 bar of Hy, 80 °C, 12 93.1% 100% 93.7 6
h
Au nanorod 20 bar of H,, 80 °C, 8h, 53.2% 100% 2.6 7
pyridine
Auys(SPh)ig 20 bar of Hy, 80 °C, 10 97% 100% 33.7 8
h, pyridine
Auss(SR)24 HCOOK, 80 °C, 12 h 91% 100% 41.4 ?
Au/ALLO3 H,, 170 °C - 100% - 10
NPG-S PhySiHy, 1t, 0.5 h 36.1% 100% 1185 This
(4.6x10% work
NPG-M PhySiHy, 1t, 0.5 h 94.7% 100% 3109 This
(23.2x10% work
NPG-L PhySiHy, 1t, 0.5 h 43.8% 100% 1438 This

(14.9x10% work
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Analytical Data

(4-nitrophenyl)methanol (2a) !

o™
O,N

2

99% vield. "H NMR (400 MHz, CDCL) & 8.20 (d, J =8,2 Hz, 2 H), 7.53 (d, J =8.2 Hz, 2 H), 4.83
(s, 2 H),2.39 (bs, 1 H).

(2-nitrophenyl)methanol (2b) 1
5oy

NO,
98% yield. "H NMR (400 MHz, CDCl3) 8 8.11 (d,J=8.1 Hz, 1 H), 7.75 (d, J=7.7 Hz, 1 H), 7.68 (t,
J=7.5Hz, 1 H), 7.48 (1, J=7.8 Hz, 1 H), 4.98 (s, 2 H), 2.60 (br s, 1 H).

(3-nitrophenyl)methanol (2¢) '*

S

NO,

95% vield. "H NMR (400 MHz, CDCl5) 8 =8.24 (s, 1 H), 8.14 (d, J=8.4 Hz, 1 H), 7.70 (d, J =7.6
Hz, 1 H), 7.53 (t, J=8.0 Hz, 1 H), 4.82 (s, 2 H).

(4-(methylsulfonyl)phenyl)methanol (2d) !

o
MeOZS

93% yield. '"H NMR (400 MHz, CDCLs) § 7.78 (d, J=8.2Hz, 2 H), 7.48 (d, J=8.2Hz, 2 H), 4.74 (s,
2 H),3.12 (s, 1 H), 3.01 (s, 3 H).

(4-(trifluoromethyl)phenyl)methanol (2¢) '4

o
F3;C

3

99% yield. 'H NMR (400 MHz, CDCls) & 7.56 (d, J=8.1 Hz, 2 H), 7.40 (d, J=8.1 Hz, 2 H), 4.65
(d, J=4.0 Hz, 2 H), 4.00 (s, 1 H).

4-(hydroxymethyl)benzaldehyde (2f) '

OH
H

o)
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91% yield. 'H NMR (400 MHz, CDCl5) 5 9.96 (s, 1 H), 7.83 (d, J=8.0 Hz, 2 H), 7.50 (d, /=8.0 Hz,
2 H), 4.77 (s, 2 H).

(4-ethynylphenyl)methanol (2g) '

/@AOH
=

96% yield. "H NMR (400 MHz, CDCls) § 7.49 (d, J=8.1 Hz, 2 H), 7.32 (d, J=8.1 Hz, 2 H), 4.70
(d, J=5.6 Hz, 2 H), 3.07 (s, 1 H), 1.71 (t, J=5.6 Hz, 1 H).

4-(hydroxymethyl)benzonitrile (2h) '

o
NC

99% yield. '"H NMR (400 MHz, CDCl3):  7.64-7.60 (m, 2H), 7.47-7.44 (m, 2H), 4.76 (s, 2H), 2.16
(bs, 1H).

[1,1'-biphenyl]-4-ylmethanol (2i) '

ok
Ph

99% vield. 'H NMR (400 MHz, CDCls): & 7.63-7.59 (m, 4 H), 7.48-7.43 (m, 4 H), 7.40-7.36 (m,
1 H), 4.73 (s, 2 H), 2.08 (bs, 1 H).

Pyridin-2-ylmethanol (2j) 1’

99% yield. '"H NMR (400 MHz, CDCls) § 8.45 (s, 1 H), 8.38 (d, J=3.8 Hz, 1 H), 7.69 (d, J=7.5 Hz,
2 H), 7.24 (t, J=6.1 Hz, 1 H), 4.66 (s, 2 H).

quinolin-4-ylmethanol(2k) '®

OH

X

—

94% yield. '"H NMR 400 MHz, CDCls) & 8.87 (d, J=4.4 Hz, 1 H), 8.11-8.16 (m, 1H), 7.93-7.98
(m, 1H), 7.68-7.76 (m, 1H), 7.52-7.61 (m, 2H), 5.23 (d, J =4.2 Hz, 2H).

(E)-3-(furan-2-yl)prop-2-en-1-ol (2j) 3

0
W\
OH
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96% yield. 'H NMR (400 MHz, CDCls) & 7.33 (d, J=1.6 Hz, 1 H), 6.42 (dt, J=15.6, 1.6 Hz, 1 H),
6.35 (dd, J=3.2, 1.6 Hz, 1 H), 6.27 (dt, J=16.0, 5.6 Hz, 1 H), 6.22 (d, J=3.2 Hz, 1 H), 4.27 (dd, J
=5.6, 1.6 Hz, 2 H).

(E)-3-phenylprop-2-en-1-ol (2k) '

O

86% yield. 'H NMR (400 MHz, CDCls) & 7.34 (d, J =8.0 Hz, 2 H), 7.28 (t, J =8.0 Hz, 2 H), 7.20-
7.23 (m,1 H), 6.56 (d, J=12.1 Hz, 1 H), 6.28-6.34 (m, 1 H), 4.26 (d, J=4.2 Hz, 2 H), 3.10 (bs, 1 H).

3-(benzo[d][1,3]dioxol-5-yl)-2-methylpropan-1-ol (21) '’

0 OH
T W

92% yield. 'H NMR (250 MHz, CDCls) & 6.82-6.57 (m, 3 H), 5.94 (s, 2 H), 3.60-3.42 (m, 2 H),
2.69 (dd, J=13.5, 6.3 Hz, 1 H), 2.37 (dd, J=13.5, 8.0 Hz, 1 H), 1.90 (dq, J=13.1, 6.5 Hz, 1 H),
1.77 (s, 1 H), 0.93 (d, J=6.7 Hz, 3 H).

1-(thiophen-3-yl)ethan-1-ol (2m) %°

Me
OH

/ \
s

90% vield. "H NMR (400 MHz, CDCL3) 8 1.60 (d, J=6.4 Hz, 3 H), 5.12 (q, J =6.4 Hz, 1 H), 6.96
(d, J=8.0 Hz, 2 H), 7.22-7.24 (m, 1 H).

1-(4-nitrophenyl)ethan-1-ol (2n) '3

OH

O,N

2

95% yield. '"H NMR (400 MHz, CDCls) & 8.20 (d, J=8.8 Hz, 2 H), 7.54 (d, J=8.8 Hz, 2 H), 5.05-
4.99 (m, 1 H), 1.51 (d, J= 5.6 Hz, 3 H).

(4-nitrophenyl)(phenyl)methanol (2p)?!

OH o
O;N II I H,N” ‘ “

95% yield (3% nitro reduction product was detected). 'H NMR (400 MHz, CDCls) & 8.19-8.16 (m,
2 H), 7.58-7.55 (m, 2 H), 7.40-7.30 (m, 5 H), 591 (d, J=2.8 Hz, 1 H), 2.47 (d, /=2.8 Hz, 1 H)
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