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Figure S1. Chosen binding geometry for 4-NP chemisorption on a 38-atom Pd 

nanoparticle (left: side view, right: front view).

Figure S2. Small angle XRD pattern of SBA-15.



Figure S3. TEM images of SBA-15.

Figure S4. TEM images of the as-synthesized Pt/SBA-15 (A), Pd/SBA-15 (B) 

Ag/SBA-15 (C) and Au/SBA-15 (D) by traditional method. Scale bar is 100 nm for 

(A) and (B), and 50 nm for (C) and (D).



Figure S5. TEM images of the as-synthesized Pt/DA-SBA-15 (A), Pd/DA-SBA-15 

(B), Ag/DA-SBA-15 (C) and Au/DA-SBA-15 (D). Scale bar is 20 nm for (A) and 50 

nm for (B), (C) and (D).

Figure S6. XRD patterns of Pt/DA-SBA-15 (A), Pd/DA-SBA-15 (B), Ag/DA-SBA-

15 (C) and Au/DA-SBA-15 (D).



Figure S7. EDS spectra of Pt/DA-SBA-15 (A), Pd/DA-SBA-15 (B), Ag/DA-SBA-

15(C) and Au/DA-SBA-15(D)

Figure S8. Activity changes of various catalysts treated in acidic condition of 1M 

HCl for 12h.



Figure S9. Charge density plots (isosurface value = 0.04 e/Bohr3) of 4-NP molecule 

adsorbed on bare Pt (A), Pd (B), Ag (C), Au (D), and PDA supported Pt (E), Pd (F), 

Ag (G), and Au (H).

Table S1. Comparison of the rate constant values of various catalysts for the 

reduction of 4-NP by NaBH4.

Catalyst
Temperatur

e
/ K

Concentrati
on of 4-NP

/ mM

Rate 
constant (k) 

a

/ 10-3 s-1

 / s-

𝑘

𝑐𝑏

1m·mol-1·L
Reference

Pt/DA-SBA-15 RT 0.1 8.35 8.35×10-1 This study
Pd/DA-SBA-15 RT 0.1 17.80 1.78 This study
Ag/DA-SBA-15 RT 0.1 2.66 2.66×10-1 This study
Au/DA-SBA-15 RT 0.1 1.01 1.01×10-1 This study

Pt/SBA-15 RT 0.1 0.43 4.3×10-2 This study
Pd/SBA-15 RT 0.1 13.20 1.32 This study
Ag/SBA-15 RT 0.1 1.53 1.53×10-1 This study
Au/SBA-15 RT 0.1 0.87 8.7×10-2 This study

CNC@PDA-AgNPs RT 0.12 4.26 2.28×10-1 (1)
AgNPs RT 0.12 0.76 4.07×10-2 (1)

Ag(5wt%)@SBA-15 RT 0.051 1.78 1.68×10-1 (2)
Ag(10wt%)@SBA-15 RT 0.051 12.70 6.04×10-1 (2)

micron-SiO2@nano-Ag 295 0.1 3.56 3.58×10-3 (3)
Ag(E)–SiO2 278 0.45 10.60 2.72×10-3 (4)

GMSc RT 10 3.50 4.62×10-1 (5)
Au@SiO2 core/shell RT 1.13 0.46 8.63×10-4 (6)
Au@SiO2 yolk/shell-

104
RT 1.13 14.00 2.62×10-2 (6)

Au@SiO2 yolk/shell-67 RT 1.13 5.60 1.05×10-2 (6)



Au@SiO2 yolk/shell-43 RT 1.13 3.90 7.32×10-3 (6)
Pd/SBA-15 RT 0.1 12.00 1.92×10-1 (7)

Pt30-G4-PS15 RT 0.15 0.20 2.68×10-3 (8)

Fe@SiO2/Pt NCs RT 0.19 1.50 1.07 (9)

Fe@SiO2/Au NCs RT 0.19 0.083 5.20×10-2 (9)

Fe3O4/PDA@Ag III RT 0.18 10.00 8.63×10-2 (10)
PDA-AuNPs RT 50 0.95 5.72×10-2 (11)

MHNTs–PDA–Au RT 0.049 7.33 7.52×10-1 (12)
AuNPs/Fe3O4@PDA-

P1
RT 0.1 2.83 3.18×10-1 (13)

AuNPs/Fe3O4@PDA-
P2

RT 0.1 5.66 6.36×10-1 (13)

AuNPs/Fe3O4@PDA-
P3

RT 0.1 6.67 7.49×10-1 (13)

Graphene/PDA-Au2 RT 0.033 3.75 1.77×10-2 (14)
G-PDA-Au-2 RT 0.099 2.10 2.36×10-1 (15)

Pd/PDA RT 0.1 0.12±0.08 3.56±2.39 (16)
graphene-PDA-Pd RT 0.067 4.71 1.50×10-1 (17)

Pt-PDA/RGO, RT 0.1 3.43 3.43×10-1 (18)
Au-PDA/RGO RT 0.1 2.00 2×10-1 (18)

Fe3O4@PDA–Pt RT 0.029 2.30 2.80×10-1 (19)
Pt NPs RT 0.1 0.87 2.63×10-1 (20)
Pt NCs RT 0.1 1.60 3.10×10-4 (21)

Co–Pt NCs RT 0.1 3.30 1.29×10-1 (21)
Ni–Pt core–shell NCs RT 0.1 1.60 7.41×10-2 (21)

Pt NPs RT 1.33 3.67 6.01×10-2 (22)
Fe3O4@C@Pt RT 0.05 21.9 1.22 (23)
Fe3O4@C@Pd RT 0.05 18.0 1.00 (23)

SiO2–G1–Pt RT 0.083 7.92 1.10 (24)
P-Pt NPs RT 0.11 30.00 2.66×10-2 (25)
P-Pd NPs RT 0.11 57.00 2.69×10-2 (25)
CNT-Pd RT 1.0 6.27 1.02×10-2 (26)

FexOy/Pd@mSiO2 RT 0.058 0.89 5.49×10-1 (27)
Pd-FG RT 0.1 – 6.36×10-2 (28)

Pd@Fe2O3@SiO2 RT 0.098 – 1.10×10-2 (29)
rGS/Fe2O3-Pd/NCS RT 0.12 2.72 2.02 (30)

Pd@g-C3N4-N RT 0.71 6.35 5.42 (31)
PS/PANI/Pd RT 1.46 12.90 2.80 (32)

Ag NPs RT 0.1 4.47 1.50×10-3 (33)
Ag NPs-5.75nm RT 0.1 2.13 1.53×10-1 (34)
Fe3O4@SiO2–Ag RT 0.061 7.67 4.85×10-2 (35)

Ag-NP/C RT 0.047 1.69 9.83×10-4 (36)
CNFs/AgNPs RT 0.06 4.6 3.52×10-1 (37)



Ag submicroparticles RT 0.048 4.60 1.06 (38)
Ag/ FexOy NPs 303.15 0.1 2.38 1.52×10-1 (39)

Au NPs RT 0.1 0.54 0.11×10-1 (40)
Au NPs RT 0.1 1.80 3.46×10-4 (41)

Au-56nm RT 0.066 0.10 2.44×10-2 (42)
Au(2)/TiO2 RT 0.087 1.45 4.97×10-1 (43)

Au NPs RT 0.50 1.00 7.25×10-1 (44)
Au NPs RT 0.07 2.60 5.18×10-1 (45)

GAAu-MNP RT 0.10 6.48 4.32×10-1 (46)
Au NPs RT 0.20 1.50 7.50×10-4 (47)
Au NPs RT 0.10 12.47 7.77×10-2 (48)
Au NPs RT 0.20 1.86 9.30×10-2 (49)
Ag NPs RT 0.20 4.06 4.06×10-2 (49)

Fe3O4@SiO2-
Au@mSiO2

RT 0.24 5.83 3.73×10-2 (50)

Au/PDDA/NCC RT 0.05 5.10 6.93×10-2 (51)
Au/graphene RT 0.093 3.17 7.81 (52)

GO-Fe3O4-Au NPs RT 0.10 32.20 4.32 (53)
Au Capsule RT 0.21 7.83 2.40×10-2 (54)

a The value of k depends on catalyst amount.
b The concentration of noble metal in the reaction system. The metal content of the 
samples were measured by ICP-OES，EDX or calculated according to the catalyst 
synthesis process.
c GMS represented gold NPs intercalated into the walls of mesoporous silica.
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