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Fig. S1 TEM images of CFR nanospheres obtained from different amounts of ethanol and water: (a)
28 and 0 mL, (b) 24 and 4 mL, (c) 20 and 8 mL, (d) 12 and 16 mL, and (e) 0 and 28 mL, Reaction
conditions: catechol 0.1 g, formaldehyde solution 0.14 mL, ammonia solution 0.15 mL, heating time

6 h, and reaction temperature 160 °C.



Fig. S2 TEM images of the CFR microspheres prepared with different amounts of ammonia solution:
(a) 0.15 mL and (b) 0.3 mL. Reaction conditions: formaldehyde solution 0.14 mL, catechol 0.1 g,

ethanol 20 mL, water 8 mL, heating time 6 h, and reaction temperature 160 °C.

Fig. S3 TEM images of CFR nanospheres obtained from different temperature: (a) 120 °C, (b) 140
°C, and (c) 160 °C. Reaction conditions: catechol 0.1 g, formaldehyde solution 0.14 mL, ammonia

solution 0.15 mL, ethanol 20 mL, water 8 mL, heating time 6 h.



Fig. S4 Pictures of the dispersibility and stability of CFR nanospheres in an aqueous solution.
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Fig. S5 Ag NPs size-distribution histograms of on the surface of TCFR@Ag-x nanospheres prepared
with different silver contents: TCFR@Ag-0.1 (a), TCFR@Ag-3 (c), TCFR@Ag-10 (e), three
samples were treated with NaOH for 22 h; and TCFR@Ag-3 (t=2 h) (g); The Ag core NPs size-
distribution histograms of TCFR@Ag-x nanospheres: TCFR@Ag-0.1 (b), TCFR@Ag-3 (d),

TCFR@Ag-10 (f), three samples were treated with NaOH for 22 h; and TCFR@Ag-3 (t=2 h) (h).
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Fig. S6 SEM images of CFR (a, b), CFR@Ag-3 (c, d), and TCFR@Ag-3 (e, 1), respectively.



Fig. S7 TEM images of the carbonized CFR spheres treated with sodium hydroxide solution (a) and

then loaded with silver NPs (b); SEM images of CFR (c) before and (d) after carbonizing.
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Fig. S8 (a) N, adsorption/desorption isotherms and (b) pore size distribution from Barret-Joyner-

Hallender (BJH) desorption of CFR and TCFR.

Fig. S9 TEM images of (a) TCFR@AuNPs and (b) TCFR@PdNPs.
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Fig. S10 TGA curves of CFR, TCFR, CFR@Ag-3, TCFR@Ag-3 under N, atmosphere.
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Fig. S11 UV-vis absorption spectra of the catalytic reduction of MB using catalysts: (a) CFR@Ag-
0.5 (40 uL, 0.25 mg mL-"), (b) CFR@Ag-10 (40 uL, 0.25 mg mL"), (¢) TCFR@Ag-0.1 (40 uL, 0.25
mg mL"), (d) TCFR@Ag-10 (40 puL, 0.25 mg mL!"), (¢) TCFR@Ag-3(t=2 h) (40 pL, 0.25 mg mL-
1, (f) CFR (40 uL, 0.5 mg mL-"), and (g) TCFR (40 uL, 0.5 mg mL""), 2.0 mL of 0.013 mM MB and
1.0 mL of 0.5 M NaBH, were used for the reduction of MB. (h) TCFR (80 pL, 0.5 mg mL-"), 2.0 mL

0f 0.16 mM 4-NP and 1.0 mL of 0.2 M NaBH, were used for the reduction of 4-NP.
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Fig. S12 TEM images (a, b), high-resolution TEM image (c) and size-distribution histogram (d) of

TCFR@Ag-3 catalyst after six catalytic cycles.
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Fig. S13 Time-dependent UV-vis spectra of the reaction mixtures containing (a) MO, (b) CR, (c)
RhB and (d) R6G aqueous solutions with the addition of NaBH, and CFR@Ag-3 (40 uL, 0.25 mg
mL!) as a catalyst. Reaction conditions: 2.0 mL of 10 mg L-! MO, CR, RhB and R6G and 1.0 mL of
0.5 M NaBH,. (e) In (C/Cy) vs. reaction time (¢) plots for the reduction of four different dyes
catalyzed by CFR@Ag-3 (40 uL, 0.25 mg mL™"). (f) In (C/C)) vs. reaction time (f) plots for the

reduction of four different dyes catalyzed by TCFR@Ag-3 (40 uL, 0.25 mg mL-").
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Fig. S14 Time-dependent UV-vis spectra of the reaction mixtures containing (a) MO, (b) CR, (c)
RhB and (d) R6G aqueous solutions with the addition of NaBH, and TCFR@Ag-3 (40 puL, 0.25 mg
mL-!) as a catalyst. Reaction conditions: 2.0 mL of 10 mg L' MO, CR, RhB and R6G and 1.0 mL of

0.5 M NaBH,.
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Fig. S15 UV-vis absorption spectra of 4-NP solution before and after adding NaBH,.
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Fig. S16 Successive UV-vis spectra of the NaBH, reduction of 4-NP catalyzed by the catalysts: (a)
CFR@Ag-0.5 (80 uL, 0.25 mg mL!), (b) CFR@Ag-10 (80 pL, 0.25 mg mL!), (c¢) TCFR@Ag-0.1
(80 uL, 0.25 mg mL!), and (d) TCFR@Ag-10 (80 pL, 0.25 mg mL!). (¢) TCFR@Ag-3 (t=2 h) (80

uL, 0.25 mg mL"). (f) CFR (80 uL, 0.5 mg mL-") (2.0 mL of 0.16 mM 4-NP and 1.0 mL of 0.2 M

NaBH, were used for the reduction of 4-NP).

VY
=
)\.../w

15

. . . .
= wn = wn
N 1 I 1

Absorbance(a.u.

=
n

0.0
250

300 350 400 450 500 550
Wavelength(nm)

0.5-

—0s
—— Imin
——2min
— 3min

300 350 400 450 500 550
Wavelength(nm)

——Omin
= 3min
—— 9min

0.0 T r v r Y
250 300 350 400 450 500 550

Wavelength(nm)



—a— CFR
—e— CFR@Ag-3
4 TCFR

% 0.6 —»—TCFR@Ag-3
=
S 0.4-
[=]
o
0.2
0.04, . —— . 2
0 50 100 150 200 250 )
Concentration mL" The color of the system
1.2 w2 ) varies with the concentration.
(©)
1.0
0.8
=
«
0.6
: -=-CFR
(@) 0.4 -o-TCFR 00 L1150 1y 1 -1 -1
+CFR@Ag-3 Mz m 50 gg mL 5 g mL™ 100 gg mL™ 50 gg mL™" 0 g mL
021 . TCFR@Ag-3 The color of the system
0.0 varies with the concentration.
0 50 100 150 _ 200

Concentration (g mL ")
Fig. S17 The concentration influence of nanohybrids on the propagation of bacteria after incubation
at 37 °C for 24 h against E. coli (a) and S. aureus (c). The E. coli (b) and S. aureus (d) solution color

changes after the introduction of different concentrations of TCFR@Ag-3 antimicrobial materials.
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Fig. S18 Bacterial growth curves of E. coli (105 CFU mL-") after incubation at 37 °C for various
durations with the sample concentration of (a) 50 ug mL! and (b) 125 ug mL"!. Bacterial growth
curves of E. coli (10° CFU mL!) after incubation at 37 °C for various durations with different

concentration of CFR@Ag-3 (c) and TCFR@Ag-3 (d).
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Fig. S19 Bacterial growth curves of S. aureus (10° CFU mL™") after incubation at 37 °C for various
durations with the samples concentration of 50 ug mL! (a) and 150 ug mL"! (b). Bacterial growth
curves of S. aureus (10° CFU mL!) after incubation at 37 °C for various durations with different

concentration of CFR@Ag-3 (c) and TCFR@Ag-3 (d).
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Table S1. Synthesis parameters and properties of CFR nanospheres.

Catechol Formaldehyde NH;H,O Ethanol Water Temperature Particle Size
Sample
(g) solution (mL) (mL) (mL) (mL) (C) (nm)

CFR-1 Effect of 0.2 0.28 0.15 20 8 160 740+56
CFR-2 Catechol and 0.1 0.14 0.15 20 8 160 580+47
CFR-3 formaldehyde 0.05 0.07 0.15 20 8 160 510+48
CFR-4 0.1 0.14 0.15 28 0 160 -

Irregular
CFR-5 Effect of 0.1 0.14 0.15 24 4 160

sphere
CFR-6 ethanol/ water 0.1 0.14 0.15 20 8 160 580+47
CFR-7 ratio 0.1 0.14 0.15 12 16 160 130+30
CFR-8 0.1 0.14 0.15 0 28 160 90436
CFR-9 0.1 0.14 0.3 20 8 160 600+43
CFR-10 Effect of 0.1 0.14 0.15 20 8 160 580+47
CFR-11 NH;- H,O 0.1 0.14 0.1 20 8 160 -
CFR-12 0.1 0.14 0 20 8 160 -

Irregular
CFR-13 Effect of 0.1 0.14 0.15 20 8 120

sphere
CFR-14 temperature 0.1 0.14 0.15 20 8 140 250431
CFR-15 0.1 0.14 0.15 20 8 160 580+47
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Table S2. Mesoscale properties of CFR and TCFR nanospheres.

BET surface area Pore volume Pore size
Samples
(m?g™) (cm3g?) (nm)
CFR 7.17 0.0061 6.94
TCFR 13.28 0.0128 6.57
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Table S3. Catalytic activity of different catalysts for the discoloration of MB and reduction of 4-NP.

Silver content  Ag concentration Time k TOF
Samples Reaction conditions Substrate

(wt %) (mol L) (min) (min) (b))

CFR@Ag-0.5 0.25 mg mL-!, 40 puL 3.92 1.21x10¢ MB 7.0 0.22 82
CFR@Ag-3 0.25 mg mL-!, 40 pL 4.93 1.52x106 MB 1.5 2.73 1720
CFR@Ag-10 0.25 mg mL-', 40 uL 5.97 1.84x10¢ MB 2.5 1.37 339
TCFR@Ag-0.1 0.25 mg mL-!, 40 puL 437 1.35%x10¢ MB 6.0 0.40 134
TCFR@Ag-3 0.25 mg mL-!, 40 puL 4.74 1.46x10¢ MB 1.0 1.23 1933
TCFR@Ag-10 0.25 mg mL-!, 40 puL 10.79 3.33x106 MB 2.5 4.67 633
CFR@Ag-0.5 0.25 mg mL-!, 80 puL 3.92 2.42x106 4-NP 5.0 0.79 496
CFR@Ag-3 0.25 mg mL-!, 80 puL 4.93 3.04x106 4-NP 4.0 1.12 759
CFR@Ag-10 0.25 mg mL-!, 80 puL 5.97 3.68x106 4-NP 4.0 1.76 407
TCFR@Ag-0.1 0.25 mg mL-!, 80 puL 4.37 2.70x10¢ 4-NP 7.0 0.54 317
TCFR@Ag-3 0.25 mg mL-!, 80 puL 4.74 2.92x10¢ 4-NP 4.0 1.12 1338
TCFR@Ag-10 0.25 mg mL-!, 80 puL 10.79 6.66x10-¢ 4-NP 3.0 3.24 300
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Table S4. Comparison of the ability of various nanocatalysts for catalyzing the reduction of MB.

Samples MB Catalyst Time (s)2  k(min')® &;%F . Refs
Fe;0,@PDA-Ag 2mL,4mgL"! 5.0 mg 540 0.43 - 1
Ag/Fe;0,@C 18 mL, 6 x10°M 20 mg 600 0.34 - 2
urchin-like 1
Fes0;@PDA-Ag 10 mL, 40 mg L 5.0 mg 240 1.78 - 3
cellulose supported
\ ; 10 mg 1.0 mg 3600 0.04 - 4
silver nanoparticles
-1
MOF@Ag 1mL, 5% 105M 0.5 mL’lg'jv g}g mL~, 360 0.37 1.1 5
0
Pd-TNPs/RGO 2mL, 5 % 10°M 5uL,0.4 gL, 59.2 wt% 420 0.4 73.6 6
AgNPs-Fe;0,@PDA 20mL ,7.5mg L! 5.0 mg 1800 0.09 - 7
-1
CFR@Ag-3 1.04 x 105M 0.25 rjll%;l\];t ;;‘0 WL, 90 137 1720 This work
. (V]
-1
TCFR@Ag-3 1.04 x 10°M 0.25 mg mL"40 uL, 60 4.67 1933 This work

4.74 wt %

aThe reduction time of MB in the presence of catalyst. YApparent rate constant. “Turnover frequency (TOF) is defined as the number of

moles of MB reduced per mole of Pd catalyst per hour.

22



Table S5. Comparison of the ability of various nanocatalysts for catalyzing the reduction of 4-NP.

4-NP

Time

TOF

Samples (mol L) catalyst (min) (min1)® (hh)e Refs
Fe;0/PDA@Ag 1.75 x 104 1.0mg L, 1.0 mL, 11 wt % 5 0.60 412 8
Ag/GO-Dopa 5x107 9 uL, (0.05 wt %, 0.5 mol %) 8 0.36 876 9
Fe;0,@RF-Ag 5% 10° 10 mg L, 7.44 wt % 6 0.68 - 10
RGO/Fe;0,/Ag 2mL, 10.0 mM 7.4 mg, 14.52 wt % 4 0.68 30 11
SBA-15/PDA,¢/Ag 200 pL, 20 mM 40uL, 0.5 m%A)mL'l’ 3.24 wt 7 0.89 571.2 12
PSS/Fe;04/Ag ImL, 10.0 mM 5.0 mg 12 0.15 - 13
Feﬁ&‘%ipgy‘ 25mL, 1 mmol 7.5mg, 28.3 wt % 25 0.14 3.1 14
Au-PDA/RGO 2.7mL, 0.1 mM 30 uL, 2 mg mL"! 16 0.01 42 15
Ag-Au-rGO 2.8mL, 5 mM 0.1 mg 6 021 152 16
RGO/Ag 1.5 mL,0.2 mM 0.1 ml;;l.lg ;‘&mm’ 15 0.44 0.24 17
Ag'@CMP 10 mL,10 mmol L' loa;ﬁg“;% 2; (‘)“;’; th % 0.08 714 18
CFR@Ag-3 1.0 x 10 0.25 mg mL'](;/Ogo WL,4.93 wt 4 112 759 This work
TCFR@Ag-3 1.0 x 10+ 0.25 mg mL",80 UL, 4 112 1338 This work

4.74 wt %

*The reduction time of 4-NP in the presence of catalyst. PApparent rate constant. “Turnover frequency (TOF) is defined as the number

of moles of 4-NP reduced per mole of Pd catalyst per hour.
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The TOF values of the catalytic reactions for MB were calculated according to the following equation:!®

[ MB]x conversion
[Ag]xt

TOF =

The molar concentration [MB] of substrate was fixed to be 1.04x10°> M. The Ag molar
concentration [Ag] of CFR@Ag and TCFR@Ag were calculated and listed in Table S5 by ICP-AES.
The TOF values of the catalytic reactions for 4-nitrophenol were calculated according to the equation
similarly to MB. The molar concentration [4-NP] of substrate was 1.0x10% M. The Ag molar

concentration [Ag] of CFR@Ag and TCFR@Ag were also calculated and listed Table S5.
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