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The experimental process of plasma electrolytic oxidation (PEO)

(1) The MgO film was deposited by the application of a 100v voltage on Mg plate
10min in basic electrolyte (4 g L'! Na,SiO3-9H,0, 12 g L' KOH and 8 g L' NaF in 500 mL
water); this process is a conventional anodic oxidation process and the mainly purpose
is to fabricate MgO as a barrier layer which is advantageous to arc discharge-starting
and arc-stabling in following working mode;

(2) The HAuUCI, is dissolved in basic electrolyte and the Mg plate (with MgO film) is
treated by PEO in a working mode (current i=0.4 A, frequency f=500 Hz, duty cycle
d=35%, time t=3 min, electrolyte temperature T=15 °C); In this process, the applied
current flowing would easily increase the prefabricated MgO film thickness, which
could be regarded as a resistor and correspondingly cause an improvement in voltage.
Next, the dielectric breakdown would occur in relatively thin region of film due to the
less resistance and therefore the arc-discharging emerges, which lead to a breakdown
for the prepared MgO film breakdown and disappear quickly. This phenomenon (arc-
charging) is also explained by Ikonopisov (Electrochim Acta 1977;22: 1077-1782) due
to the plasma generation because of electron avalanche theory.

After arc discharge-starting, the original MgO film disappears and would produce a
new porous MgO film. The arc discharge cause the local high temperature and high
pressure that trigger a plasma chemical reaction in these arcing sites. In this process,
the surface metal Mg is gasified and oxidized to form MgO and [AuCl,]" ion in
electrolyte (attracted by anode Mg ) is high temperature decomposed to form Au
species. Once the arc discharge disappears, the MgO and Au species are
simultaneously quenched by the cooling electrolyte and turn into a coating layer on
Mg plate. This process create an opportunity that Au NPs are easily encapsulated into
the MgO support, which generates a unique embedded structure that makes the Au
nanoparticles firmly anchor onto the MgO support surface. Here, besides the arc-
discharge breakdown, the repeated evolution of abundant oxygen gas of solution in
high temperature and quenched environment also bring about the porous structure
in MgO support.

With the time increase, the arc discharge become more intense and the coating
layer (including MgO and Au species) quickly grow in thickness, which also cause the
improved voltage. When the thickness of coating layer reaches a certain level, the film
would not be broken down by high voltage due to its high resistance and the arc-
discharge would gradually disappears, which indicate the end of PEO process.



The instruction of working mode in PEO

In generally, the input alternating current would go through two processes to arrive
the electrode in PEO process. The detailed route is illustrated as Scheme S1:
alternating current to rectifier to chopper and finally arrived to electrode.
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Scheme S1. Schematic process of the input current route in PEO process.

First, the alternating current would be converted into direct current by a rectifier in
the PEO facility. Next, this generated direct current could be loaded into a chopper in
three different modes: constant current, constant voltage and constant power. In
our experiment, the constant current mode was selected, i=0.4A (This is the reason
why we called this mode as a ' galvanostatic mode ' based on the International
principle). After that, the chopper would modulate the input constant current by the
frequency and duty cycle (f=500 Hz, d=35 %) and finally output to the electrode. In
fact, the output current is a pulse current (not a constant) due to the frequency and
duty cycle parameters.

The catalytic activity of Ru/MgO and Pd/MgO catalyst

(1) Ru/MgO catalyst: In this experiment, the hydrolysis of sodium borohydride was
selected to evaluate the Ru/MgO catalytic activity. Firstly, 0.15 g sodium borohydride
was solved in 50 mL alkaline H,0 solution (Cnaon=102M, pH=12) in a round flask as the
reaction solution. Before catalytic reaction, the flask was placed in a water path to
maintain the temperature at 30 °C. Next, Ru/MgO catalyst sample was putted in the
flask and the hydrolysis reaction was trigger under magnetic stirring at 1500 r/min.
The generated H, was measured by water displacement method as described in
literature that H, push out water into a conical flask, which is placed on the electronic
balance that is connected to a notebook computer. Here, the volume value of
producing H, is equal to the water weight.

Catalytic activity: The catalytic activity of Ru/MgO for the hydrolysis of sodium
borohydride was expressed by the hydrogen generation rate (HGRy,), which was
calculated as follow:

HGRH2=VtotaI/(treaction*mmetal)
Where Viotar is the total volume of generated H,, teaction is the reaction time, and mpetal
is the quality of Ru obtained by ICP measurement.



(2) Pd/MgO catalyst: the oxidation of silane was applied to measure the Pd/MgO
catalytic activity. Catalytic reaction process is as follows. Simply, a 1mL Dimethyl
phenyl silane, 500 uL H,O were added to 20 mL acetone as the reaction solution. Then,
the catalyst was immersed in mixture solution that was stirred at 1500 r/min under
oxygen atmosphere. In the reaction process, sample was extracted from mixture every
1h and detected by GC (gas chromatography) using the ethylbenzene as internal
standard. The chromatographic condition was set as below: chromatographic column
HP-5, injector temperature 230 °C, distribution ratio of flow 10:1, injection volume 2
UL, FID detector temperature 280 °C; Temperature programming: 40 °C retain 0.5 min,
temperature rise with 20 °C/min until arrive to 200 °C, retain 0.5 min.

Catalytic activity: The catalytic activity of Pd/MgO for oxidation of silane was
expressed by the turn-over-number (TON), which was calculated as follow:

TON:ntotaI product/nmetal
Where Niotal product IS total amount of reaction product, Npetar is the mole number of Pd.
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Fig. S1 XRD spectrum of Au/MgO catalyst prepared by PEO in different cooling
conditions. (a) 0-30°C, (b) -10--30°C, (c) LN cooling. (d) EDS spectrogram of Au/MgO

catalyst.
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Fig. S2 The catalytic activity of Au/MgO catalyst treated by calcination at different

temperature; the activity is corresponding to the sample PEO in Table S1.
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Fig. S3 HAADF-STEM images and magnification images of Au/MgO catalyst prepared
by PEO in different cooling conditions. (a, b) 30 °C, (c, d) 15 °C, (e, f) 0°C, (g, h) -10 °C,

(i, j) -20 °C, (k, I) -30 °C, (m, n) LN cooling and corresponding size distribution of Au
NPs.
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Fig. S4 UV-vis of Au/MgO prepared by PEO in different cooling conditions.
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Fig. S5 UV-vis spectra evolution of the conversion of 4-NP into 4-AP using Au/MgO

catalyst (the same content of Au) prepared by PEO in different cooling temperatures.

(a) 30 °C, (b) 15 °C, (c) 0 °C, (d) -10 °C, () -20 °C, (f) -30 °C, (g) ULTPEO, (h) The plot of

In(Co/C;) vs reaction time for the disappearance at 400 nm.
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Fig. S6 UV-vis spectra evolution of the conversion of 4-NP into 4-AP using Au/MgO
catalyst (using the same area of Mg substrate) prepared by PEO in different cooling
temperatures. (a) 30 °C, (b) 15 °C, (c) 0 °C, (d) -10 °C, (e) -20 °C, (f) -30 °C, (g) ULTPEO,

(h) The TOF value of the reaction using Au/MgO catalyst prepared in different cooling
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Fig. S7 The rate constant vs the stirring rate for the catalytic reaction using Au/MgO

catalyst prepared in LN cooling.

50

D=2.9441.456 nm T 40 D=2.91+0.91 nm I D=2.87+0.98 nm
N=2425 ; =30 N=3073 5 N=4730
S 20
10
5 10 15 20 20hm | o 15 g0 20N o 70 15 20 oonm

Diameter (nm) Diameter (nm) Diameter (nm)

Fig. S8 HAADF-STEM images of Au/MgO catalyst prepared by ULTPEO at (a) unreacted

condition, (b) 10 cycles, (c) 50 cycles and corresponding size distribution of Au NPs.
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Fig. S9 HAADF-STEM images of the Ru/MgO and Pd/MgO catalyst prepared by PEO at
0 °C electrolyte. Experimental conditions: the content of Ru and Pd in used catalyst is

51 pg and 17.4 ug, respectively; HGRy,=2.2*10* mL min't g, TON silanol, 7h =24887.

Table S1. The size of the Au NPs in three catalysts by calcination treatment at different
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temperature.

Samplel Original (nm) 500°C 2 h (nm) 600°C 2h (nm)
PEO 5.26+2.72 5.28+3.33 4.85+2.26

DP 5.11+3.28 8.84+4.08 17.39+6.20

IM 4.94+1.09 9.71+4.73 12.26+4.97

[a] Experiment conditions: the Au/MgO sample was prepared by PEO at 0 °C electrolyte. The

DP and IM sample were prepared according to the literature.2

Table S2. The TOF and TON value for the reaction of 4-nitrophenol using Au catalyst

loaded various supports in literature.

Support catalyst diamete solutio lifetim TOF®  TON ()
r n e (h) (h?) (lifetime
(nm) )
Boehmite film@Au3 2 126 252
Polyaniline Nanofibers@Au?* 10/2 water 0.5 19 9.5
graphene oxide/SiO2@Au® 5 water - 210 -
nona-PEG-branched 1.8 water 0.1 900 90
dendrimers@Au®
COF@AU’ 5 water 1.3 8.06 10.5
CeO,@AU® 8 water 0.67 240 160.8
Silica nanotube @Au® 3 water - 0.7 -
PNIPAM-miclles@Au?® 33 water 1.6 15.5 24.8
TWEEN/GO@Au!! 6 water - 6.9 -
hollow silica @Au*? 2.8-4.5 water 0.17 560 95.2
D@GOCOOH@(PAH/PAA)¢@AuUNPs!  5-8 water 1.33 111.6 148.4
3
Au@Fe304 Yolk-Shell 14 2.5 water 0.83 300 249
Fe;0,@Si0,@P(4VP-DVB)@Au'® 5 water+ 2.5 4370 10925
alcohol
TP-GS@Au® 1.5 water 0.5 3.62 1.81
DHBC@Au?’ 10 water 800
PVP@AuU® water 4 0.8 3.2
PEI/PVP@AU"® 11.8 water 1.8 0.63 1.13
CPSQ/Au® 2-5 water 3 96.6 289.8
PANI Nanofiber@Au? 2 water 0.5 68 34
PDDA/NCC@Au?? 3 water 212
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methyl-imidazolium ionicpolymer?®  1.8-2.8 water 22.2

petide@Au?* 2.3 water 3.75
(PLA/AUNP-HSA); NTs? 1 water 2.7 0.2 54
CNT/PHBP@AuU?® 6.7 water 4 8.75 35
TiO,@Au?’ 10 water 1.25 40 50
CeO,@Au% 5 water 0.33 2.5 0.83
Chitosan/Fe;0,@Au?® water 1.83 709 1300
Fe;0,@P(EGDMA-co-MAA)@Au3° 1.18 water 0.1 1029 102.9
MgO@Au3? 5-7 Water 0.92 1153 1057
Fe;0,/Ti0,@Au3? 5 water 0.83 142 118
Au/MgO (30 °C)? 6.95 water 8.75 48.5 426.8
Au/MgO (15 °C)* 6.6 water 8.75 57.4 528.1
Au/MgO (0 °C)¢ 5.6 water 8.75 98.4 875.8
Au/MgO (-10 °C)¢ 4.6 water 8.75 168.2 1513.8
Au/MgO (-20 °C)¢ 4.2 water 8.75 217.7 2363.8
Au/MgO (-30 °C)f 3.7 water 8.75 382 3285.2
Au/MgO (LN cooling)s 2.9 water 8.75 540.7 4731.1
Au/MgO(LN cooling)"(5 times) 2.9 water 8.75 1378 12126
Au/MgO(LN cooling)' (10 times) 2.9 water 8.75 1643. 14380
4

[b] The TOF value was calculated based on the per gold atom exposed to the surface of Au
nanoparticles.585% The percentage of surface atoms to total atoms in Au nanoparticle is about
0.9/d (d is nanoparticle diameter in nm) according the literature.!®® [c] The TON value in this
table is calculated as TOF*time h, where h referred to the whole lifetime of catalyst. Note: the
content of Au in our catalysts are (a) 16.75, (b) 13.6, (c) 9.45, (d) 6.63, (e) 4.6, (f) 3.23, (g) 2.16
pg according to the different cooling conditions. The last two Au/MgO samples (h) and (i) were
used in the reduction of 4-nitrophenol that the concentration of the substrate respectively
increased 5 and 10 times compared to the previous reaction.

Table S3. The activation energy for the reaction of 4-nitrophenol using various Au
catalysts prepared as reported by literature.

Catalyst Support Activation energy Refernec
(kJ/mol) e
Au/PMMA PMMA 38 [33]
Au/polyelectrolyte brushes polyelectrolyte brushes 43 [34]
Au/ion-exchange resin ion-exchange resin 31 [35]
Au/PDDA/NCC nanocrystalline 69.2 [36]
cellulose
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CTAB-stabilized Au rods 38 [37]

R/Iuaﬁlgtsetically recoverable Fes0, 52 (38]
Au nanoboxes 44 [39]
hollow Au nanoboxes 55 [39]
Au nanocages 28 [39]
HINTS/Au NS Ainosiane modfied 27 0]
Au/calcium-alginate calcium-alginate 21 [41]
(DMF)-stabilized Au NCs 31 [42]
Au/ mung bean starch mung bean starch 47 [43]
éatjr/t?(;(lj]dized mesoporous g)axrigi)zrfd mesoporous 86.8 [44]
Au/ black phosphorus black phosphorus 17.53 [45]
Au/ hybrid microgels hybrid microgels 36 [46]
Au nanorattles 29 [47]
Au@Ag nanocubes 38 [47]
Au nanosphere 41 [47]
silica-coatedgold nanorods  ---- 54 [48]
Au/MgO MgO 14.4 Our work

Table S4. The comparison of recyclability for catalysts prepared by various methods in
the reaction of 4-nitrophenol (4-NP).[d]

Nanoparticles Support Method ?e)cyclability Reference
n
Au Hollow colloidal deposition 8 [49]
mesoporous Ce0,
Au MWCNT-B chemical grafting 2 [50]
deposition
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Au No in situ  reduction 1 [51]

technique

Ag graphene oxide solid-state  chemical 7 [52]
reaction method

Pt micellar chemical reaction 5 [53]

nanocomposites method

Cu graphite oxide wetness impregnation 9 [54]
technique

Ni Mn,0; co-reduction method 1 [55]

Ni silica nanotubes thermal 9 [56]
decomposition and
reduction

Ag-Co RGO gradual reduction 3 [57]
method

Au Porous MgO ULTPEO >35 Our work

[d] Contrast conditions: the conversion of 4-NP to 4-AP is decreased from 100% to 75% in

catalytic reaction process.
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