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Experimental Methods 

Chemicals and solvents were obtained from commercial sources and used as received without 

further purification unless otherwise stated. 

4-{2,2-bis[(4-formylphenoxy)methyl]-3-(4-formylphenoxy)propoxy}benzaldehyde (A4) was 

synthesized according to the reported method.35 1H NMR was performed on Bruker advance 

III 400MHz. Solid-State NMR Measurements were carried out at room temperature on a 

Bruker Avance 400 MHz spectrometer. UV-vis spectra were carried out on RIGOL 

Ultra-3600 UV spectrophotometer. FT-IR was carried out on PerkinElmer Frontier FT-IR 

using KBr pellets. Rheological measurements were carried out on a HAAKE MARS(III) 

rheometer at 298 K. N2 adsorption measurements were performed using a Quantachrome 

Autosorb-iQ2analyzer. XRD measurement was performed on D-MAX 2200 VPC instrument. 

TEM was conducted on a FEI Tecnai G2 Spirit 120 kV transmission electron microscope. For 

TEM measurement, the material was dispersed in EtOH with the aid of sonication, and then 

mounted on a carbon coated copper grid. SEM was conducted on HITACHI SU8010 

scanning electron microscope. Prior to SEM measurements, the material was dispersed in 

EtOH with the aid of sonication, and then deposited on aluminium foil. Thermogravimetric 

analyses were carried out in a nitrogen stream using Netzsch STA 449F3-jupiter 

thermogravimetric-differential scanning calorimetry (TG-DSC) analyzer with a heating rate 

of 10 °C min-1. Metal (Pd) analyses were performed by using an Inductively Coupled 

Plasma-atomic Emission Spectrometer (ICP-OES; Optima 8300, USA, Perkin Elmer). X-ray 

photoelectron spectroscopy (XPS) was tested on Nexsa Thermo ESCALAB 250Xi instrument 

with an Al Kα X-ray source (Thermo Fisher). Contact angle tests of aerogel samples were 

tested on Drop Shape Analyzer-DSA30 (RKRÜSS GmbH, Germany). Rheological 

measurements were performed on a HAAKE MARS(III) rheometer at 298 K. The diameter 

of upper plate is 20 mm, and the distance between the lower and upper plates is 2.5 mm for 

the tests. The concentrations of metal Pd(II) and Cr(VI) ions were determined by Perkin 

Elmer inductively coupled plasma-atomic emission spectrometer (ICP-OES; Optima 8300, 

USA) and RIGOL Ultra-3600 UV spectrophotometer. 
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Table S1. Determined kinetic parameters for the adsorption of Pd2+. 

Pseudo-first order Elovich’s equation Pseudo-second order 

qe /mg g-1 k /min−1 R2 a /mg g−1 min−1 1/b /mg g−1 R2 k′ /g mg−1 min−1 qe /mg g-1 R2 

239.22 8.63×10−3 0.99 20.11 41.01 0.96 7.5×10−5 257.73 0.99 

 

Table S2. Adsorption of Pd(II) by various adsorbents. 

 

Entry Adsorbent for Pd(II) 
Contact time 

/h 
pH 

Adsorption capacity 

/mg g−1 
Ref. 

1 Activated carbon 4.5 <1 27.00 S1 

2 Chitosan coated activated carbon 3.3 2 43.48 S2 

3 
 HMBA@mesoporous inorganic 

silica monoliths 
2 3.5 172.53 S3 

4 Modified carbon nanotube \ 6 15.6 S4 

5 THTB@mesoporous silica 3 3.5 171.65 S5 

6 
Commercial tris(2-aminoethyl) 

amine polystyrene polymer beads 
24 1 206.93 S6 

7 
Pyridyltriazol functionalized 

zirconium MOF 
0.08 4.5 294.10 S7 

8 
Glutaraldehyde cross-linked chitosan 

resin 
5 8 166.67 S8 

9 Glutaraldehyde cross-linked chitosan 24 2 180.00 S9 

10 Crosslinked chitosan resin 4 2 120.4 S10 

11 MFT resin \ 4 15.3 S11 

12 Pyridine based polymer 6 1 191.6 S12 

13 Poly (4-vinylpyridine) resins 48 1 43 S13 

14 Lysine modified crosslinked chitosan 4 2 109.47 S14 

15 
Polyamine functionalized 

polystyrene 
0.5 <1 4.3 S15 

16 
N-substituted 2- 

(diphenylthiophosphoryl)acetamides 
1 <1 52.77 S16 

17 
Polyethylenimine/polyvinyl chloride 

crosslinked adsorbent 
1 1 146.03 S17 

18 A4B2-Benzoxazole gel 24 3 250.00 
This 

work 
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Table S3. Adsorption uptake of Pd2+ at room temperature determined by UV-vis 

spectroscopy. 

Entrya Abs.b (t = 0 d) Abs.b (t = 4 d) Amount of Pd2+ in gel/μmol 

1 0.963 0.594 19 

2 0.950 0.593 19 

3 0.958 0.549 21 

4 0.962 0.537 22 

5 0.965 0.561 21 

6 0.967 0.543 22 

a 10 mL PdCl2 solution (5 mmol L-1) was added to 1 mL A4B2-benzoxazole gel prepared 

from 0.02 mmol A4. b Absorbance at λ ~ 425 nm. 
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Various nanoparticles such as palladium nanoparticles (Pd NPs), sulfur nanoparticles (S NPs), 

NiO nanoparticles (NiO NPs), iron nanoparticles (Fe NPs), ZnO nanorods and TiO2 

nanoparticles (TiO2 NPs) have been used as catalysts for the reduction and removal of Cr(VI) 

in recent years. The first-order reaction rate constant and turnover frequency (TOF) of the 

nanomaterials for reduction of Cr(VI) are listed in Table S4. The reduction of Cr(VI) 

catalyzed by Pd@A4B2-benzoxazole gel can be completed within 60 min with a rate constant 

of 0.0377 min-1, and the TOF is about 6.37×10-5 mol g−1 min−1. The activity is comparable 

with biosynthesis Pd NPs (0.0971 min−1), and higher than magnetic mesoporous carbon-doped 

Pd NPs (0.017 min−1) and some metal nanocatalysts such as NiO nanostructure (2.50×10-6 

mol g−1 min−1), nanoscale zero-valent iron (6.087×10−6 mol g−1 min−1), ZnO nanorods 

(3.08×10−6 mol g−1 min−1) and TiO2 nanoparticles (9.63×10−6 mol g−1 min−1). 

Table S4. Reduction of Cr(VI) by various nanocatalysts. 

 

References 

Entry Nanocatalyst Rate constant /min−1  TOF /mol g−1 min−1 Ref. 

1 Pd@Pro-ESM 0.133 0.808×10−5  S18 

2 Pd/γ-Al2O3 0.085 \ S19 

3 Pd-TMV 0.25 0.657×10−3 S20 

4 Biogenic Pd(0) nanoparticles 0.0971 \ S21 

5 
Cobalt nanoparticles supported on 

graphene 
0.474 0.46 × 10−3 S22 

6 
Magnetic mesoporous 

carbon-doped Pd NPs 
0.017 \ S23 

7 
Nanoscale zero-valent iron 

supported on mesoporous silica 
0.017 6.087×10−6 S24 

8 Sulfur nanoparticles 0.027 1.04×10-2 S25 

9 ZnO nanorods 0.016 3.08×10−6 S26 

10 TiO2 nanoparticles 0.035 9.63×10−6 S27  

11 NiO nanostructure  0.0026 2.50×10-6 S28  

12 Pd@A4B2-benzoxazole gel  0.0377 6.37×10-5 This work  
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Figure S1. a) Linearly-fitted calibration curve of Pd(II) in a concentration range from 1 to 5 

mmol L-1, and b) UV spectra of PdCl2 solution from 1 to 5 mmol L-1. 

 

Figure S2. Linearly-fitted calibration curve of K2Cr2O7 in concentration range from 10 to 80 

mg L-1. 
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Figure S3. FT-IR spectra of A4B2-benzoxazole xerogel, A4B2-imine xerogel, A4 and B2. 

 

 

Figure S4. QSDFT pore size distribution (Model: N2 at 77 K on carbon (cylindr. pores, 

QSDFT adsorption branch)), a) A4B2-imine aerogel and b) A4B2-benzoxazole aerogel. 
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Figure S5. a) FT-IR spectra of A4B2-imine gel, treated in 9 mol L-1 HCl for 3 d and treated 

in 9 mol L-1 NaOH solution for 3 d, and b) FT-IR spectra of A4B2-benzoxazole gel, treated in 

9 mol L-1 HCl for 3 d and treated in 9 mol L-1 NaOH solution for 3 d. 
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Figure S6. Thermogravimetric (TG) profiles of A4B2-imine and A4B2-benzoxazole 

aerogels. 

 

 

Figure S7. a) Pseudo-first model, b) pseudo-second model and c) Elovich model for Pd2+ 

adsorption onto A4B2-benzoxazole gel at 25 oC, pH = 3. 
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Figure S8. a) XPS survey and b) Pd 3d spectra of Pd@A4B2-benzoxazole xerogel (atomic% 

Pd 1.13%). 

 

 

Figure S9. Oscillatory rheological measurements for A4B2-imine, A4B2-benzoxazole 

and Pd@A4B2-benzoxazole gels, a) strain dependence at 1 Hz and b) frequency sweep 

experiments performed at 1% strain amplitude. 
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Figure S10. a) Pseudo-first-order kinetic model of ln(c/c0) versus time, and b) reduction 

efficiency (%) versus time for reduction of Cr(VI). 

 

 

Figure S11. Reusability performance of Pd@A4B2-benzoxazole gel for reduction of Cr(VI). 
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