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1. Materials and Chemicals. Palladium acetylacetonate (Pd(acac),, >99.9%), sodium
borohydride (NaBHy4, 99.99%), crystal violet (CV), eosin yellow (EY) and sunset yellow FCF (SY)
were purchased from sigma-aldrich and used without further purification. m-aminophenol (ACS,
99.98%) and formaldehyde (37% in water) were purchased from Acros. All other chemicals used
were analytical grade, and all solutions were prepared using ultrapure water (Millipore).

2. Catalyst characterization. Powder X-ray diffraction (XRD) measurements were
performed on the PANalytical (X'Pert PRO) instrument using a Cu Ka radiation (A = 0.1541 nm).
The morphology of this composite was examined by a field-emission transmission electron
microscopy (FE-TEM; JEOL JEM-2100F). The palladium content of Pd@PCS sample was
determined by means of inductively coupled plasma atomic emission spectroscopy (ICP-AES)
using a PerkinElmer Optima 5300 DV instrument. N, adsorption/desorption isotherms were
measured using a physisorption apparatus (Micromeritics, ASAP 2020). All Fourier-transform
infrared (FT-IR) spectra were recorded by a Bruker IFS28 spectrometer in the region of 4000—400
cm! with a spectral resolution of 2 cm™ using KBr pellet method at room temperature.
Thermogravimetric and differential thermal analysis (TG-DTA) measurements were performed on
a Netzsch TG-209 instrument under air atmosphere. Ultraviolet visible (UV-vis) spectroscopy was

conducted on a Thermo Scientific evolution 220 spectrophotometer.
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Fig. S1. DFT pore size distributions of as-prepared PCSs and Pd@PCS catalysts.
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Fig. S2. FTIR spectra of APFS, PCS, and Pd@PCS catalysts and their corresponding photographs

(Inset on right).
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Fig. S3. (a,b) SAED patterns of PCS-900 and

catalyst dispersed in DI water.

Pd@PCS catalysts, (c) EDX profile and (d) Pd@PCS
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Fig. S4. The FETEM image of the Pd NPs decorated PCS support showing lattice fringe corresponding to Pd
(111) plane with d-spacing line (d = 0.224 nm).
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Fig. S5. (a, b) TEM images of Pd NPs.
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Fig. S6. (a) XRD pattern, (b,c) TEM images and (d) UV—Vis absorption spectrum of Pd@PCS

catalyst after spent five runs.
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Fig. S7. UV-visible absorption spectra of CV reduction in the addition of NaBH, (a) 0.001M, (b)

0.01M and, (c) an excess amount of NaBHj.
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Fig. S8. UV-vis absorption spectra for the reduction of EY over the PCS-900 catalyst.
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Fig. S9. (a) UV-Visible absorption spectra of SY by NaBH, in the absence of PAd@PCS catalyst,
(b) presence of Pd NPs as a catalyst (inside the photographs of SY before and after reduction) and
(c) its corresponding plot In(A4/A) vs. time.
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Fig. S10. UV—visible spectra representing the simultaneous reduction of a mixture of CV and EY
dyes in the presence of Pd@PCS catalyst (a) 1 mg, (b) 3 and (c) 5 mg mL"! under the identical

experimental conditions, and (d-f) their corresponding plot of In4,/A4, vs time.

Table S1. The recycling ability of PdA@PCS catalyst for the reduction of CV dye.

No. of runs Fresh 18t run 20d yn 31 ryn 4t run 5% run

k(s 0.2301 0.2284 0.2245 0.2183 0.2126 0.2101




Table S2. Comparison of the catalytic activity of various nanomaterials for the reduction of CV dye.

Sper (m? g1)/
I I oy Rt
CdS/Zeolite A 48-68 1500  PD! Sun-light NR NR/ 1
CuFe,0, 50-100 5400 MR/ NR NR 5.7 x 102 2
Sm,InTa0, >500 3600 PD UV lamp NR NR 3
Fe/ACe 250-300 1800  Ozonation Ok 195.0/0.1645 NR 4
Ru/CPM-1? 2.6+£0.5 30 Reduction NaBH, 1416/1.095 0.2041 5
Ru/CPM-2 2.8+0.5 30 Reduction NaBH, 1313/0.988 0.2436 5
PS-PVBC-g-PACc AgNPs  20-25 30 Reduction NaBH, NR 1.674 x 103 6
PS-PVBC-g-PAC PdNPs  20-25 30 Reduction NaBH,4 NR 8.45 x 104 6
PS-PVBC-g-PAC AuNPs  20-25 30 Reduction NaBH,4 NR 2.546 x 103 6
Fe;0,@C-dotY/Ag 6.1 75 Reduction NaBH, NR 4354 x 102 7
GO¢Ru NCs" NR 1800  Reduction NaBH, NR 4.6x 103 8
GO/Ag NCs¢ NR 1800  Reduction NaBH, NR 5.0x 1073 8
GO/Pd NCs" NR 1800  Reduction NaBH, NR 4.8 x 103 8
GO/Ru-Ag NCs 6 1800 Reduction NaBH, NR 5.8 %103 8
GO/Ru—Pd NCs 8.9 1800 Reduction NaBH, NR 5.5x103 8
Pd@PCS (1.0 mg) 12+0.8 20 Reduction NaBH, 896.3/0.934 0.2031 This work
Pd@PCS (2.0 mg) 12+0.8 20 Reduction NaBH, 896.3/0.934 0.2355 This work
Pd@PCS (3.0 mg) 12+£0.8 20 Reduction NaBH, 896.3/0.934 0.2389 This work

“Activated carbon. *Carbon porous materials. “Poly(styrene)-co-(vinyl benzyl chloride) grated 2-acryloxyethyltrimethyl ammonium chloride.
dCarbon dots. *Graphene oxide./Ruthenium nanocomposites. ¢Silver nanocomposites.”Palladium nanocomposites. ‘Photo degradation./Microwave

radiation. *Ozone. ‘Not reported.
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Table S3. Comparison of the catalytic activity of various nanocatalysts for the reduction of EY dye.

Catalyst Size Time Reductant Rate constant Sger (M2 g1)/ Reference
(nm) (min) (k) Vo (cm?® g™)

Ag NPs 18-24 8 NaBH,4 0.3659 min'! NR 9
Ag—NSs¢ 20 100 s NaBH, 7.001x103 ¢! NR 10
p(MAc)*-Cu >50 12 NaBH, 0.004 +0.00007 s  NR 11
Co—ZrO,*MWCNTs? 8 180 Photoreduction 16.86x107 min'! NR 12
PAGNPs¢ 28+£5.6 12 NaBH, NR NR 13
Ag Colloids 22 10 NaBH, 0.2312 min'! NR 14
Au—Ag NPs 9.2+0.3 20 NADH™ 14.72x1073 s°! NR 15
Chitosan—Au NPs 25 30 NaBH, 8x 103 ¢! NR 16
SiNW//Pd NPs 3-9 24 NaBH, 0.06943 £ 0.00135. NR 17
Au NRs# >50 NR” NaBH, NR 2294.47 (nm?)/6960.47 (nm?) 18
Cu,O NPs 85+5 9 NaBH, NR NR 19
rGO"—AuNFs! >200 18 NaBH, NR NR 20
AOT/-Au NFs >200 300s NaBH, 1.49 x 1072 57! NR 21
Hollow Cu—spheres 510 um 30 NaBH, NR NR 22
p(TA)~Co ILs' 5-10 40 NaBH, 0.07 NR 23
p(TA)-Ni ILs 5-10 60 NaBH, 0.05 NR 23
p(TA)—Cu ILs 5-10 9.66 NaBH, 0.2 NR 23
Fe;0,@SiO,-Ag NPs 48 +£2 13.5 NaBH, 0.2367 min! NR 24
Hollow Au-spheres 35+6 NR NaBH, NR NR 25
Fe;04@Nico@Cu >100 9 NaBH, 0.22 min™! NR 26
Pd@PCS 12+0.8 20s NaBH, 0.1223 s 896.3/0.934 This work
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“Nanoshells. *Poly(methacrylic acid) microgels. ¢Ziconia oxide. “Multiwalled carbon nanotubes. ‘Plumeria alba with gold nanoparticles. /Silicon

nanowires. 8Gold nanorods. "Reduced graphene oxide. ‘Gold nanoflowers. /Sodium bis(2-ethylhexyl)sulphosuccinate). “Poly(tannic acid). ‘Tonic

liquids. "Dihydronicotinamide adenine dinucleotide. "Not reported.
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