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1. TGA additional results
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Figure S1. Mass loss of the materials C7 —Cg (thin film) as a function of temperature; The mass loss of
the support (PDAFe304) is shown (dashed line).
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Figure S2. Mass loss of the materials C; —Cg (thick film) as a function of temperature; (a) Materials
with Ag nanoparticles (C; —C3); (b) Materials with Au nanoparticles (C4—Cg); The mass loss of the
support is shown (dashed line).
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2. TEM additional results

Figure S3. TEM micrograph of Ag NPs-PDA@Fe304 (Cg). (a) The arrows point at particles of
magnetite coated with PDA (1), and pure PDA nanoparticles (2); (b) and (c) different catalyst areas at
50 nm scale; (d) Micrograph at 200 nm scale.

3. SEM additional results

(a) C4 (Au) (b) C4 (Fe) () Ca(N) -

(d) G5 (Au) (e) Cs (Fe)

(9) C¢ (Au) (h) Cs (Fe) (i) Cs (N)

Figure S4. SEM Au, Fe, and N mappings for C4—Cg materials.
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Figure S5. (a) SEM micrograph of material Cu NPs-PDA@Fe304 (C7); (b-d) Mappings of cu, Fe, Cu,
and N respectively.

EDS Lipered bmage

(b) Ag, Cu, Fe

Figure S6. (a) SEM micrograph of material Ag/Cu NPs-PDA@Fe304 (Co); (b) Combined mappings
of Ag and Cu; (c-f) Mappings of Ag, Cu, Fe and O respectively.
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4. N, absortion/desortion isotherms
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Figure S7. N> adsorption-desorption isotherms of catalysts.

5. DLS additional results

Size Distribution by Intensity
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Figure S8. DLS intensity distribution. Upper part: unimodal distribution observed for material Cy;

Lower part: bimodal distribution observed for material C3.
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6. Dependence of TOFy; on [NaBH4lp
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Figure S9. Variation of TOF; /» for 4-nitrophenol reduction in aerobic medium with initial NaBHy

concentration catalyzed by Cu NPs PDA@Fe304 (C7).

7. Rate law
7.1. The Haber mechanism

The reduction of 4-nitrophenol follows the general Haber [1-3] mechanism, which
consists of two pathways, namely the direct and the condensation pathways, shown as (a)
and (b) in Figure S10. In the direct pathway, the nitro group (NO.) reduces to amino by

(a)

Figure S10. (a) The direct, and (b) condensation pathways of Haber mechanism for nitroarene
reduction particularized for nitrobenzene; Compounds involved: 1 nitrobenzene, 2 nitrosobenzene, 3
phenylhidoxylamine, 4 aminobenzene, 5 azoxy derivative: ((1,2-diphenyl-114-diazen-1-yl)oxidanyl),

6 azobenzene, and 7 hydrazobenzene.
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two consecutive steps through the nitroso (NO), and hydroxylamino (NHOH) intermediate
products,

PhNO, + Hy — PhNO + H,O
PhNO + H, —2~ PhNHOH
PhNHOH + H, -2~ PhNH, + H,0

Normally, the reaction proceeds by the direct pathway at low nitroarene concentrations in
anaerobic media. Condensation occurs more extensively in oxygenated reactors at high
nitroarene concentrations. Both the nitrous and hydroxylamino species revert to their
parent compounds by autoxidation, as shown in Figure S10. This is the reason why the
condensation pathway is activated by the presence of oxygen. Under aerobic conditions,
autoxidation produces a sufficient amount of nitro derivative, which condenses with the
hydroxylamino derivative to form an azoxy compound. The latter is further reduced in
several steps to the hydrazo species which are finally reduced to the aromatic amine. Direct
reduction was the predominant pathway under the experimental conditions in which
activity was measured. In the following, A1, A, A3, and A4 stand for the nitro, nitroso,
hydroxylamino, and amino derivatives respectively. 6 denotes the total number of active
centers, 0y, the number of unoccupied centers, 84 those occupied by nitroarene molecules,
and 0y those occupied by H atoms. Reaction begins with the generation of H> due to the
reduction of water by the BH4 ™~ anion in the presence of the catalyst [4,5],

cat.

BH;~ +4H,0O — B(OH)s~ +4Hy

Hydrogen, a poorly water-soluble gas, saturates the solvent so its concentration is con-
sidered constant. Subsequently, the nitroarene and hydrogen adsorb onto the metal sites.
Hydrogen adsorbs dissociatively to the metal nanoparticles, forming H radicals (6yy),

Ky
Hy +20; = 26y (1)
Ka
A1+ 0L = 260x (2)
The nitroso compound (A») is then formed by the reaction of the adsorbed species,
k
0A +20 —— Ay +30 + HO 3)

The nitrosoderivative now reacts with the adsorbed H-atoms to form the hydroxylamino
compound (A3z). This in turn reacts with the H-atoms to form the aromatic amine (Ay),

k
Ay + 20y ——> A3 +20r (4)
Az +200 -2+ Ay 4201 +2H0 )

Firstly, a mathematical expression is derived for the rates of the reactions 3-5. For this
task, we assume that the reaction 3 follows the Langmuir-Hinshelwood mechanism [6], i.e.
the reactants (Hz, A1) adsorb onto the catalyst through an equilibrium process, and the



S8 of 529

adsorbed species react with each other to form the product. In considering equilibria 1 and
2, the following relations must be satisfied,

KA:m_)GA:KA[Al}GL (6)
0

K = (91;) [le} s 0y = /K [H]6; @)

0=04+0y+0, (8)

The solution of the system of linear equations 6-8 in 84 and 6y yields the following
solutions,

GA -9 Ky [Al] (9)
1 + \/ KH[Hz] + KA[AI}
O =6 Kn[Fo (10)

1+ \/KH[HZ] + KA[Al]

Once this information has been obtained, the rate of the reactions 3-5 is calculated,

KA \Y4 KH [HZ} 5 [Al]
1+ VKnlH]| 1A

= k1040 = k10? = 11
A KalAd] r (1+ K[A1])? -

" 1+ /Ky[Ho]
Ky[Hz]

— A
B _ o1+ VKu[H] T 12[A]
ry = kz@H[Az] = k29 . KA [Al] = 1+ K[A1] (12)

1+ /Ky[Ho]

Sl )

_ _ o1+ /Ky[Ho] _ x3[Ag]
r3 = k3O [As] = ko6 KaA]  ~ 1+ KA (13)

t 1+ /Ky[Ho]

where the meaning of «; and K is inferred from the Egs. 11-13.It is worth noting that in
deriving the rate equations it was assumed that the nitroarene reduction follows a rate of
r1 = k16 40p instead of the expected 1 = k16 A912L1' This simplification takes into account
the fact that the reduction of the nitro group produced by two adsorbed H radicals takes
place in succession at different rates, one of which is rate-limiting. On the other hand, it
was also considered that the compounds A and Az are easily desorbed and interact with
the adsorbed H radicals directly from the liquid phase,that is, the reduction of A, and Az
species follow the Eley-Rideal mechanism [7].

The rate law can be written once the equations governing the rate of the reactions are
known,

[A1] 10 0\ .

de d[Aal] 1 -1 0 !

i Nr — a| [(as] | = 0 1 -1 (:z (14)
[A4] 0 0 1 3

In Eq. 14, N stands for the stoichiometric coefficients array (stoichiometry of reactions 3-5
arranged by columns), and r is an array collecting the reaction rates in Eqs. 11-13.
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8. Data analysis
8.1. Soft-modeling method to calculate the catalytic activity

Figure ?? shows a typical exponential decay of the remaining limiting reactant fraction
(a(t). This variable is defined by Eq. 15,

where [N] stands for the nitroarene concentration (i.e. the limiting reactant). The « values
allow easy determination of the material’s catalytic activity, but only for simple reactions
(i.e., those in which the reactants convert to products without observable intermediates).
First, we define the instantaneous turn over frequency (TOF(t)) as

1 d[N]

TOF(t) = ———— 16
where [C] represents the catalyst concentration. This quantity is a continuous function
of time. Therefore, the value of this variable must be specified in order to compare the
activities of different materials. Activity is usually more conveniently expressed as a time

average,

1 A[N]

TOF = — ] At (17)

where A[N] is the consumption of the limiting reagent over the time interval, At. Again,

either A[N] or At must be specified in order for the activities to be compared correctly.

There are some reference times for the calculation of the TOF value.The first is at the very

beginning of the reaction (that is, at t = 0). In the case of ordinary reactions, this is the

maximum value of the TOF at which the reaction will proceed. It has the disadvantage of
not being applicable to reactions that have an induction period.

Another reference widely used in the bibliography is the determination of the time (¢,)
at which a relative consumption (r) of the limiting reagent occurs. The TOF, is then defined
by eq. 18,

1 [N]() Xr
(S

However, rarely TOF values with the same consumption are specified, making it difficult
to compare the reported activities. In fact, TOF, is often reported, but not  or ¢,.

In order to avoid these drawbacks, the half-reaction time (t; ) is used as a reference
in this paper. The reduction of 4-nitrophenol often follows a first order kinetics, for which
the rate constant (k) is usually reported. In this case, Eq. 18 becomes Eq. 19 when 7 is set to
the valuer =1/2,

TOF, = (18)

1 [N]o x 0.5
TOF ) = ——— 19
P )
Substituting ¢4/, into Eq. 19 leads to Eq. 20, where k is the first-order rate constant, since
for a first-order reaction it holds that t1 ,, = In(2)/k,

1 [N]p x 0.5 xk
TOF, ), = T me) (20)
The applicability of Eq. 19 depends on estimating the value of t; /,. For simple kinetics, the
« values are calculated from the experimental absorbance data using Eq. 15 and the value of
t1 s, is linearly interpolated using « = 0.5. It is worth noting that it is not necessary to know
the rate law to calculate the time for these systems, and for this reason, the methodology is
known as soft-modeling.
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8.2. Hard-modeling method to calculate the catalytic activity

For complex reactions, half-lives are calculated by linear interpolation of the [N]/2
value from the 4-nitrophenol concentration versus time curve calculated by the hard
modeling method described in this section. The basis of this data analysis is the Lambert-
Beer law (Eq. 21),

A(ng,ny) = C(ng, ns)S(ns, ny) (21)

In Eq. 21, A is the array of absorbances, and C and S are arrays that store the molar
concentration and the optical density coefficients of the species. The elements of matrix C
are calculated by numerical integration of the ordinary differential equation system given
by Eq. 14. Dimensions n;, n,, and ns stand for the number of measurements (i.e. number of
times at which the absorbance has been measured), the number of observation channels
(i.e. the number of wavelengths at which absorbance has been measured simultaneously
by the diode-array detector), and the number of UV-vis absorbing species respectively. As
a guideline, the absorbance was measured in 375 channels, and from 30 to 100 times, so
each array consists of 11250 to 37500 elements.

The purpose of the hard-modeling analysis is the determination of the kinetic coef-
ficients x; and K by means of the least-squares method. Regression analysis consists in
minimizing the values of the residuals (R) related to the above mentioned variables. The
residuals are defined by Eq. 22,

R(x,K,S) = A — C(x,K)S 22)

where A is the experimental absorbance array, and the product CS is the calculated ab-
sorbance estimated from the rate law. The array C is calculated by numerical integration of
the differential Eq. 14. Note that residuals are a nonlinear function of kinetic coefficients
and linearly dependent on optical density coefficients. Therefore, the elements of array S
are often called linear parameters.

The number of variables for which the residuals need to be minimized can be over-
whelming. For example, if we realize the system consists of 3 absorbing species (e.g. the
nitroarene, nitrosoarene, and aromatic amine), and the absorbance of the reaction mixture is
measured at 375 wavelengths, the residuals will depend on 1125 optical density coefficients,
to which 2 values of x, and a value of K have to be added, making 1128 variables on the
whole. Obviously, the number of optical density coefficients is too large to perform the min-
imization successfully. However, the catalyst activity, the ultimate goal of the calculation,
only depends on 3 variables, namely «, x, and K.

In order to solve this issue, the array A is factored [8] using the Singular Value
Decomposition (SVD) technique [9], which allows for reduction of the 7, value, and after
factorization, array S is removed from Eq. 22. The algorithms that perform both tasks are
called Multivariate Curve Resolution (MCR) methods. It is important to highlight the term
“resolution”, since the result of array A analysis makes possible to find out the change with
time of concentration of species involved in the mechanism, together with their optical
density spectra. Below, the two steps of the procedure, factorization and linear parameter
removal, are briefly explained.

As indicated above, the factorization is carried out using the SVD algorithm. In
principle, any two-dimensional array can be written as the matrix product shown in Eq. 23,
where (T) denotes the transpose matrix operator,

A(ng,ny) = U(ng, ny) A(ny, nr)VT(ny, 1y) (23)

The U and V arrays have the property of being orthonormal (i.e. UUT =1, VVT = 1), and
they are known as the abstract concentration and spectra arrays respectively. The diagonal A
array contains the singular values of A.

The analysis of array A reveals that the first n¢ elements of the main diagonal have
very high values, the rest of them being very small. In fact, they are not null due to the
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experimental uncertainty of absorbance measurements. This means that Eq. 23 can be
rewritten as,
A(ny,ng) = Ulng, ng)Ang,np) V7 (1, ny) (24)

From a mathematical point of view, the value of 1 is equal to the rank of array A, that is, it
is equal to the smallest number of linearly independent vectors that allow to reconstruct
this matrix. The value of 1y is always less than or equal to 7,, and therefore much less than
n, (i.e.n F<ns << n;). For the reaction under study, the value of n =1 coincides with
the number of UV-vis absorbing species [10].

We now apply the SVD technique to reduce the size of array A, and thus the size of
matrix R. It suffices to multiply by the right Eq. 22 by V,

R, =RV = AV — C(SV) = A, — CS, (25)

Note that the dimensions of R were (14, 11,), while those of R, are (14, n f). The size reduction
achieved has been substantial. The second step consists of eliminating the linear parameters
[11]. This is achieved by replacing the array S, in Eq. 25 by its least squares estimate,
S, =C"A,,

R, (x,K) = (I- CCH)A, (26)

where C* = (CTC)~1CT stands for the Penrose pseudo-inverse array (operator (*)), and
I is the identity matrix. This algebraic manipulation makes the residuals to depend only
on the parameters related to the rate law. Finally, the kinetic parameters are calculated by
minimizing the objective least-squares function, where (tr) is the trace matrix operator,

¢(x,K) = tr(R,R})) (27)

8.2.1. Software

The calculations were carried out using the OPKMCR algorithm programmed in the
Julia language (unpublished) [12]. The program was written by Professor F. Pérez-Pla,
member of the ICMUYV staff.

9. Recycling experiments

Figure S11. STEM-HAADF and EDX mapping of recycled Cg catalyst.

10. TOFy/; values for selected catalysts calculated from bibliographic data

Table S1. TOF; /; values calculated from bibliographic data for the reduction of 4-nitrophenol with
NaBHy in water at r.t. catalyzed by Cu based catalysts.

n ref. catalyst [NP] [NaBH4] [C] k TOF; /»
/M /M /M /min~! /h7!
x10*  x102  x10° x1072

1 [13] Cu/Pd @ ZIF-67 111 0.000  3.70 277 359

2 [14] Cu/Ni@FeO 1.20 4.800 0.23 2.23 494
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[15]
[16]
[17]
[18]
[19]
[20]
[21]
10 +

11 [22]
12 [23]
13 [24]
14 [25]
15 [26]

O 0 N O U1 i W

16 [27]
17 [28]
18 +

19 [6]
20 [27]
21 [29]
22 [22]
23 [30]
24 [31]
25 [31]
26 [32]
27 [33]
28 [26]
29 [34]
30 [35]
31 [32]
32 [36]
33 [37]
34 [6]
35 [37]
36 [29]
37 [38]

38 [39]
39 [40]
40 [41]
41 [42]
42 [43]
43 [38]

44 [44]
45 [45]
46 [46]
47 [47]

48 [45]
49 [48]
50 [49]
51 [50]
52 [51]

Cu NPs tannic acid

CuO NPs

Cu diimine complex
Au/Cu aerogel

CuFe;O4 MNPs

Co49Cugp @ S16LC-20
Cu@SiO, @ C-Ni/700

C7 Cu@PDA @ Fe3Oq4
Cu/Cu0O@CN
Cu@Fe, 03

Cu/Cu0 @ Mg AlO-rGO
Cu NPs @ CS @ FezOq4

Cu @ CupO-CuNiAl-
(0)/rGO

CuO/CuyO

Cu@PS NC

C9 Ag/Cu @ PDA @Fe304
Cu@CN

Ag NPs CuO/Cu0
CupyO@CMK-8
Cu/Cu,O@C

CuO NPs

Cu@ZIF-Co/Zn
Cu@ZIF-67

Ni@Cu@Pd

Cu@zC

Cu/Ni/Al(O)

Cu NP cages

CuO NPs

Ni@Cu Nps

Cu@MCM-41
Cu/Cs@CMC

Cu@CSs

Cu@CMC

Cu NPs

Pd @ AuCu6L core-shell
NCs

CuOC

Au/Cu@rGO

Hollow porous Cu particles
Cu nanowires
SrCug3Fe11.7019
Pd@AuCul2l. core-shell
NCs

Cu,O

Cu porous microspheres
CuO
micro/nanostructured
porous Cu microspheres
Cu

Cu NCs

Cu tartatre complex

Cu0O

Cu/Ag@taro-rhizo powder

1.68
240
0.95
2.26
1.61
0.51
1.00

0.75
667
0.74
0.90
0.74

1.09
12.50

1.50
1.09
0.74
0.75
0.50
0.88
0.88
0.71
0.67
0.74
1.00
12.5
0.71
0.13
1.08
1.50
1.08
12.5
0.33

0.66
2.00
1.00
3.33
2.00
0.33

0.75
1.48
30.80
0.81

1.48
0.68
4.00
0.91
8.57

1.680
0.002
21.000
10.900
3.230
0.387
2.640

2.980
20.000
0.919
9.000
0.923

3.620
12.500

1.250
3.620
0.909
2.980
0.500
0.877
0.877
2.120
1.670
0.923
4.000
12.500
2.120
0.830
3.300
1.250
3.300
12.500
8.740

9.920
1.670
4.000
1.670
20.000
8.740

0.250
0.617
1.920
3.240

0.617
1.120
0.600
0.455
7.140

0.02
0.02
0.03
0.94
1.35
0.45
0.24

3.49
333.00
221
0.42
5.39

2.27
27.20

5.90
4.90
6.21
3.55
10.10
5.35
5.99
7.55
17.30
6.05
9.92
74.50
7.72
1.57
827.00
17.70
481.00
315.00
7.60

4.16
647.00
31.50
47.70
62.70
7.42

34.90
19.00
3870.00
30.50

19.40

60.00
315.00
212.00
1130.00

0.11
0.09
0.25
221
3.48
2.28
0.56

7.56
0.62
3.32
0.35
4.58

0.60
0.62

0.85
0.90
1.33
0.66
2.70
0.80
0.76
1.10
2.39
0.60
0.62
0.35
0.61
0.54
22.98
0.35
12.60
0.58
0.50

0.12
5.76
0.56
0.25
0.55
0.37

0.74
0.18
1.14
0.32

0.09
0.61
0.37
0.94
0.31

46.7
38.3
29.7
23.0
18.0
11.2
10.2
7.0
6.9
53
4.8
3.2
2.7

1.2
1.2
1.2
0.94
0.87
0.68
0.60
0.58
0.56
0.48
0.44
0.40
0.32
0.27
0.26
0.24
0.20
0.13
0.13
0.12
0.099
0.095

0.080
0.077
0.077
0.076
0.076
0.071

0.069
0.061
0.039
0.036

0.031
0.030
0.021
0.017
0.010
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53 [52]
54 [53]
55 [54]
56 [53]
57 [44]
58 [55]
59 [56]
60 [53]
61 [57]

62 [58]
63 [59]
64 [49]
65 [60]
66 [61]
67 [62]
68 [63]
69 [61]

N-C/Cu/N-C-700
Cu@PMCs

Ni/Cu nanowires
Cu@CNBs

Cu,O DHP

Cu@MA
Cu@AG-sponge
Cu@SCMs
Cu@alginate/banana waste
beads

Cu@CMC-PSIS
Cu/Ag@vigna radiata
Cu-commercial

Cu NPs

Cu@CH-LDH

Cu dopped glasses
Ag/CuO@G1
Cu@CH

6.25 1.130 977.00  0.25
1.67 1.000 262.00 0.25
0.75 1250 682.00 091
1.67 1.000 262.00 0.13
0.75 0250 349.00 0.33
0.83 16.700 496.00 042
1.11 2.860 540.00 0.32
1.67 1.000 262.00  0.08
1.08 1.670 540.00 0.21
0.83 0.017 399.00 0.18
0.83 0.017 826.00 0.28
4.00 0.600 315.00 0.02
0.60 1.000 393.00 0.10
1.71 0.014 5060.48 0.36
0.50 1.250  41.90 0.01
0.74 0.988 5740.00 0.55
1.71 0.014 197581 0.07

0.007
0.007
0.004
0.003
0.003
0.003
0.003
0.002
0.002

0.002
0.001
0.0009
0.0006
0.0005
0.0003
0.0003
0.0003

Table S2. TOF; /; values calculated from bibliographic data for the reduction of 4-nitrophenol with

NaBHjy in water at r.t. catalyzed by Ag based catalysts.

n ref. catalyst [NP] [NaBH4] [C] k TOF; /»
/M /M /M /min~! /h7!
x10*  x102  x10°

1 [64] Ag/NiO 0.05 1.27  0.000001 0.96 2847872

2 [65] AgNPs 10.5 209 00001 017 1040995

3 [66] Ag@PDA/SBA-15 (0.6) 20.0 99.0  0.001  0.89 634744

4 [67] Ag@PPAA 0.66 328  0.000 093 494937

5 [68] Ag@MR-3 12.5 625  0.001 0.4 82286

6 [69] Ag@PDA@ZrP 1.13 3.56 0.01 2.09 8763

7 [70] AgNPs@MPTMS@TiO, (7)  10.0 5.00 121  23.66 8444

8 [71] Ag@ PCL-Ala-PTHF 64.2 13.2 0.34 0.69 5642

9 [72] Ag@ pBNNS (air) 1.20 6.24 0.09 9.01 5153

10 [73] Ag@Zn-BIF 21.6 20.0 0.24 1.29 5097

11 [74] Au/Ag1:9 1.36 2.98 0.07 5.86 5069

12 [75] Ag@TiO, 2 0.60 3.00 0.01 1.38 4069

13 [76] Ag@MX/PAM 5.00 7.55 0.53 5.84 2384

14 [77] Ag @ ZA4-MW 0.07 0.09 0.01 7.44 2311

15 [78] Ag@SBA-16 0.79 0.80 0.01 0.38 1901

16 [79] Ag2.6@ C 15h 0.63 3.13 0.13 7.52 1556

17 [80] Ag-Pt(9:1) NPs 1.02 0.06 0.12 3.54 1316

18 [81] MSAg-50 1.33 1.33 0.05 1.18 1259

19 [82] Ag@ZIF-7 1.59 1.27 0.03 0.62 1239

20 [83] Ag@Fe;04 3.57 10.6 0.02 0.11 887

21 +  Ag@PDA@Fe;04 (C1) 0.92 6.67 - 765

22 [78] Ag/Ni@SBA-16 0.79 0.80 0.08 1.73 716

23 +  Ag@PDA@Fe;04 (C8) 0.92 6.67 - 700

24 +  Ag@PDA@Fe;04 (C2) 0.92 6.67 - 680

25 [84] Ag@ZnO/MWCNT 0.77 0.97 0.03 0.66 660

26 [85] AgNPs@rGO 0.85 427 0.15 2.60 622

27 [84] Ag@ ZnO 0.77 0.97 0.04 0.68 567

28 [86] Ag@HMCSs 1.50 12.5 0.15 1.15 511
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29 [87] Cu/Ag @ BNPs

30 [88] Ag NPs@SiNSs

31 [87] Au/Ag@BNPs

32 [89] Ag @ BNNs

33 [90] Ag/CeO, @ SBA-15

34 [72] Ag @ pBNNS (N»)

35 [91] Pd/Ag@FA

36 [92] Ag NPs@NC

37 [93] Ag@TA-CFR

38 [94] L-AgNPs

39 [95] Ag@sulfamine-resin (photo)

40 [72] Ag @ SiO; (air)

41 [71] Ag @ PCL-Aspar-PTHF

42 [96] Ag@m-Hap-Si(S)

43 [72] Ag@SiO; (N2)

44 [97] Ag @y-Aly,O3 cal

45 [90] Ag @ SBA-15

46 [98] rGO/CNT/Fe/Ag hybrid

47 [93] Ag@ CFR

48 [99] AgNPs @ SNTs-4

49 1 Ag@PDA@Fe304 (C3)

50 [100] Ag@DODA-PMoi»

51 [88] Ag NPs @ Si NSs

52 [101] Ag NPs

53 [102] Ag @ CapNbzOqg

54 [103] CA-Ag NPs beads

55 [104] Ag/CeO,@KIT-6

56 [105] Ag/Ni@ ZnO

57 [106] Ag @ C-TiO, @ Fe30y4

58 [84] Ag@MWCNT

59 [107] Ag @ SiO,

60 [108] Ag@Pd satellites-Fe3O4

61 [95] Ag @ sulfamine-resin (0s)

62 [97] Ag@y-Al,O3 no cal

63 [109] Ag @ NFC @ Fe304

64 [110] Ag @ C Fiber

65 [111] Ag @SLPF

66 [111] Ag @ PF

67 [112] Ag@SBA-15@Fe304

68 [113] Ag NPs @ F-rGO

69 [114] Ag/CeOy

70 [115] Ag@NC

71 [116] Ag @ GLH-20

72 [117] Ag @ PCTP @ Fe304
(MPCTP)

73 [114] Ag/CeO; red

74 [118] Ag@PF@ Fe304

75 [104] Ag/CeO,@TUD-1

76 [119] Ag@AgCl Dual 4

77 [120] Ag@MWCNTs-polymer

78 [121] Ag @ TiO; (citric ac.)

79 [114] Ag@CeO,

80 [122] Ag/AgCl@ PO

81 [123] Ag @ CTAB/NCC
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0.63
1.50
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0.10
9.09
1.05
3.00
12.5
1.20
64.2
6666.67
1.20
3.07
1.50
0.89
1.05
0.60
0.92
0.99
1.13
1.27
0.91
0.94
4.00
1.67
6.67
0.77
0.97
0.95
12.5
3.07
2.50
144
0.91
0.91
1.33
2.40
1.50
0.80
20.0
0.33

1.50
7.50
4.00
6.33
0.05
0.50
1.50
1.00
2.50
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1.88
2.75
6.67
3.00
6.24
0.10
1.82
6.48
3.00
125
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13.2
100
6.24
525
3.00
9.26
6.48
1.00
6.67
0.99
1.88
6.70
1.82
0.94
10.0
2.00
1.00
0.97
1.94
1.32
125
5.25
6.25
17.2
0.91
0.91
3.33
1.82
1.53
10.0
12.0
0.08

1.53
7.50
10.0
3.33
0.25
5.00
1.53
1.00
6.25

0.06
0.57
0.06
0.01
0.26
0.09
0.01
0.35
0.37
0.28
0.41
0.10
0.43
2667
0.10
0.20
0.27
0.27
0.14
0.50

0.15
0.47
0.03
0.44
0.11
1.04
0.79
17.4
0.15
0.23
1.57
0.41
0.55
6.12
1.20
0.97
0.23
1.85
4.25
1.51
0.31
29.0
0.42

1.51
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1.17
3.05
0.08
9.36
1.51
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12.1

0.54
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0.48
0.10
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0.39
0.72
0.19
1.75
0.46
0.15
0.34
0.03
1.50
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0.60
0.88
0.37
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0.39
1.08
0.05
1.09
0.22
0.48
0.85
3.78
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0.30
1.98
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2.44
0.08
0.86
0.19
0.96
1.20
0.66
0.25
0.91
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82 [124] AgNPs@Pro-ESM 2.57 343 2.86 0.18 6.8
83 [125] Ag@APC 0.91 4.55 2.22 0.33 5.9
84 [126] Ag@TPMMs-MAA 2.00 5.00 25.5 1.72 5.8
85 [121] Ag @ TiO, (UV light) 0.50 5.00 1.67 0.29 3.7
86 [127] Ag @ LDH 0.72 0.52 294 0.35 3.7
87 [128] Cu-CuO-Ag (CA3) 7.69 0.92 55.0 0.58 3.5
88 [129] Ag NPs @ PC 8.33 1.67 55.8 0.47 3.0
89 [130] Ag NPs 0.83 1.67 2.50 0.17 25
90 [122] Ag/AgCl @ POGO 1.00 1.00 4.00 0.22 2.3
91 [131] Co/Ag @ spongin 8.33 0.17 141 0.86 2.2
92 [132] Ag @ rGO-PD-MCNT 0.98 0.65 13.1 0.66 2.1
93 [133] AgNPs @ CV 0.83 1.67 19.1 1.09 2.1
94 [134] Ag @ MGO-PDA 0.60 4.00 6.45 0.50 2.0
95 [135] MCS-3 0.72 25.0 41.3 2.27 1.7
96 [136] Ag NPs@ AAL 0.99 2.97 5.88 0.23 1.7
97 [137] AgNPs @ LSR 0.60 0.01 1.06 0.07 1.6
98 [138] Ag @ ZrGP S2 0.83 8.33 4.67 0.18 1.4
99 [137] AgNPs @ LSA 0.60 0.01 1.30 0.06 1.3
100[138] Ag @ ZrGP S1 0.83 8.33 2.81 0.10 1.2
101[139] Ag @ C@ Fe304 12.5 2.50 21.1 0.04 1.1
102[51] Ag/Cu@TP 8.57 7.14 113 0.31 1.0
103[140] Ag NPs-LR 8.33 1.67 70.3 0.19 1.0
104[131] Ag @ spongin 8.33 0.17 129 0.33 0.9
105[141] Ag @ ZnO-CH 8.57 7.14 98.8 0.17 0.6
106[121] Ag @ TiO, (NaBHy4) 0.50 5.00 9.92 0.27 0.6
107[142] Ag@PIN@Fe304 4.79 441 34.6 0.09 0.6
108[143] Ag @PPE/CNF 0.50 500 6.27 0.14 0.5
109[144] Ag NPs 0.83 1.67 23.3 0.26 04
110[133] Ag Nps @ QBC 0.83 1.67 244 0.25 0.4
111[145] Ag solid 0.91 1.82 23.7 0.20 0.3
112[146] Ag NPs @ NF 0.83 1.67 241 0.16 0.2
113[147] Ag NPs @ WBS 0.83 1.67 68.7 0.31 0.2
114[108] Ag @ SiO; @ Fe3zOy4 0.61 0.59 140 0.46 0.1
115[148] Ag NPs @ rGO-LS 0.33 3.33 595 1.89 0.05
116[55] Ag @ MA 0.83 16.7 413 0.27 0.02
117[149] Ag @ SiO; @ Fe3zOy4 0.03 0.01 23.7 0.39 0.02
118[150] Ag NPs 0.02 0.03 7.73 0.17 0.02
119[151] AgNPs @ CP 0.83 1.67 60.8 0.00 0.002

Table S3. TOFy /; values calculated from bibliographic data for the reduction of 4-nitrophenol with
NaBHjy in water at r.t. catalyzed by Au based catalysts.

n ref. catalyst [NP] [NaBH4] [C] k TOF; /»
/M /M /M /min! /h7!
x10*  x10%2  x10°

1 [152] Au-GO nanocomposite 6.67 19.7 0.33 6.48 56451
2 [153] Au-Ce-MOF 1.00 1.47 0.01 0.32 18414
3 [154] Au/Fe;O3-Au/Fe;Os 0.74 0.93 0.01 0.50 16165
4 [155] AuNRs/PAN-g-PEI 400 200 3.50 0.31 15334
5 [40] Au3-Cul /rGO 2.00 1.67 0.65 5.76 7701
6 [156] Au@DHBC NPs 6.48 19.2 0.32 0.77 6643
7 [157] ACW 8.33 10.00 0.85 1.45 6181
8 [74] Au/Ag(1.9) 1.36 2.9 0.68 5.86 5069
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9 [158] Au/g-C3N4-NS

10 [159] Au@TiO; hollow NFs

11 [160] NAP-Mg-Au(0)

12 [161] Fe3Os@C@Cys-Au NRs

13 [162] Au-SnO,/SiO;

14 [18] AuCu aerogel

15 [163] PCNFs-Au

16 [164] DENS-SH/Au

17 [165] Au/AC

18 [166] Au@CCS

19 [167] Au@B-CDP-N

20 [153] AuNPs/CeO;

21 [168] Au@NH,-MIL-101(Fe) (60)

22 t Au@PDA@Fe;04 (C4)

23 [169] AuAg2 NPs

24 [170] Au@CuO,-CeO, CSNs

25 [89] Au-BNNs

26 [171] AuNWs

27 [172] Fe304@COF-Au

28 [173] Au-Pd NPs (GK)

29 [174] SiO; @Au@SiO; NTs

30 t Au@PDA@Fe;04 (C5)

31 [175] P-S1-Au

32 [176] Au/FMOF

33 [177] 2-D Au NSs

34 [178] Au@Fe304@polymer

35 [179] Au NPs@chitosan composite

36 [180] Au@CNFs

37 [179] Au NPs/Fe304/chitosan

38 [181] Au-NPs@ P6 @ g-C3Ny

39 [182] Au/RA-MC-2

40 [173] Au-Ag NPs (GK)

41 [183] Fe304-200 nm@TA@Au

42 [184] Au/PMMA

43 [185] Au@g-C3Ny

44 t Au@PDA@Fe;04 (C6)

45 [182] Au/OMC-2

46 [186] Pt3Aul-PDA /RGO

47 [187] Au/p(Aam-co-MTM) hydro-
gel

48 [167] Au@pB-CDP-C

49 [188] Au-Ag@PCP

50 [189] Au NPs@SCOFS@BP

51 [190] AuNS@pSiO;

52 [191] Au-5@RCC3

53 [186] Pt1Aul-PDA /RGO

54 [192] Au-1/Co@N-C

55 [182] Au/NCN-2

56 [162] Au/SiO;

57 [193] Au-m-Co30;4

58 [170] Au@CeO, CSNs

59 [188] PCP@Au

60 [194] AuNPs/SNTs nanocompos-
ite

0.66
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431
1.33
1.67
2.26
5.00
0.69
1.33
1.00
3.13
1.00
1.00
0.92
0.45
0.99
0.63
25.00
10.00
0.20
0.97
0.00
0.60
4.88
1.94
6.82
4.76
0.60
476
2.00
2.39
0.20
1.25
0.51
0.72
0.92
2.39
1.00
100
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1.17
0.76
0.99
1.00
1.00
242
2.39
1.67
1.35
0.99
1.17
0.60

3.30
10.0
200
0.67
0.50
10.9
6.00
9.22
3.33
0.50
22.0
1.47
5.00
10.0
2.27
16.56
6.25
25.0
44.0
2.00
17.0
10.0
0.60
4.24
0.32
20.2
0.95
5.00
0.95
26.4
9.80
2.00
2.50
8.16
0.39
6.20
9.80
0.00
10.0

22.0
0.52
20.0
159
1.65
0.00
29.0
9.80
0.50
1.08
16.6
0.52
0.15

0.07
0.02
204
0.44
1.61
0.74
5.45
0.10
249
0.03
6.92
0.06
0.63
0.00
0.82
0.47
0.03
3.72
0.86
0.027
0.25
0.00
0.06
4.47
1.60
1.73
15.11
0.19
15.11
0.66
0.80
0.077
4.82
0.30
0.44
0.00
0.80
1.00
254

34.6
0.39
1.68
1.87
1.07
1.00
15.79
0.80
0.40
4.12
1.08
0.33
1.67

0.97
0.64
0.46
3.18
6.64
2.21
6.27
0.78
8.08
0.11
8.70
0.21
2.16
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1.56
0.15
0.39
0.22
0.29
0.52

0.19
1.72
1.18
0.35
3.37
0.33
2.83
0.29
0.28
0.32
3.09
0.47
0.48

0.20
0.57
0.14
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0.17
1.10
0.88
0.39
0.34
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0.10
0.07
0.83
0.27
0.06
0.64

4263
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61 [195] Au NPs

62 [186] Pt-PDA/rGO

63 [196] Au-S-COF

64 [197] Au@g-C3Ny

65 [198] a-CD-capped Au 11 nm

66 [199] Au-PAF-162

67 [200] Au- PAFs-96

68 [200] Au-PAF-95

69 [201] Au@PD-COP-II

70 [186] Au-PDA/rGO

71 [198] a-CD-capped Au 20 nm

72 [201] Au@PD-COP-I

73 [198] a-CD-capped Au 26 nm

74 [202] FesC/Au@NG

75 [203] Au@PZS@CNTs nanohybrid

76 [204] AuNPs/GO/Fez04/PDA

77 [205] Gold nanocomposite thin
film.

78 [178] Au@Fe304 modif./polymer

79 [206] micelle-suppor ted Au
nanoparticles

80 [207] Au/graphene hydrogel

81 [186] Pt1Aul-RGO

82 [208] Au@C-PCTF

83 [178] Au@Fe304modif./SiO;

84 [209] A/PDA@PDMAEMA

85 [210] Au/PANI

86 [211] Au-91Pir-HNTs-NH,;

87 [212] Au-Fe304@carbon yolk-shell

88 [205] Gold nanocomposite thin
film

89 [213] Au@Cu,0 (24:1)

90 [208] Au@PCTF

91 [134] Au@MGO-PDA

92 [121] TiO,@Au-C NaBHy

93 [121] TiO,@Au-B NaBHy

94 [214] Au@MSNSs

95 [215] 3Au/g-C3Ny

96 [216] hematite/Au MS

97 [121] TiO,@Au-D NaBH4

98 [217] Au dopped mesoporous
boehmite film

99 [218] Au NPs

100[211] HNTs-NH;-Au.

101[219] Au@HEP

102[219] Au@PEI

103[219] Au@APP

104[121] TiO@Au-A citric acid

105[220] Au/CMC-CH NPs

106[220] Au/CMC-CHZY NPs

107[221] RG-SMS

108[121] TiO,@Au-E sunlight

109[222] Au-CeO, @ZrO,

110[222] Au@ZrO,
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Figure S12. TOF; /> values (logarithmic scale) calculated from bibliographic data gathered in Table
S1. The arrows show the order number (1) of catalysts C7 (10/69, Q1) and Co (18/69, Q>).
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Figure S13. TOF; /> values (logarithmic scale) calculated from bibliographic data gathered in Table
52. The arrows show the order number (1) of catalysts C; (21/121, Q1), Cg (23/121, Q1), C2 (24/121,
Q1) and C3 (49/121, Q2 (Q = quartile)).
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Figure S14. TOF; /> values (logarithmic scale) calculated from bibliographic data gathered in Table S3.
The arrows show the order number (1) of catalysts C4 (22/110, Q1), Cs (30/110, Q2) and Cg (44/110,
Q7). (Q = quartile)
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