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1. Materials  

Chemicals were obtained from the following suppliers and used without further purification: 

4-hydroxybenzaldehyde (2HBA), 1H-imidazol-1-ylacetic acid, palladium(II) acetate (Sigma–Aldrich), 

paraformaldehyde ((CH2O)n) (Roth), FeCl2.4H2O and FeCl3.6H2O (Grüssing GmbH). 

2. Instrumentations 

Elemental analyses as performed with a Perkin–Elmer 263 elemental analyzer. FT-IR spectra were 

recorded on a BRUKER Tensor-37 FT-IR spectrophotometer in the range 400–4000 cm
–1

 as KBr discs or 

in the 4000-550 cm
–1

 region with 2 cm
–1

 resolution with an ATR (attenuated total reflection) unit (Platinum 

ATR-QL, Diamond). For signal intensities the following abbreviations were used: br (broad), sh (sharp), 

w (weak), m (medium), s (strong), vs (very strong). NMR-spectra were obtained with a Bruker Avance 

DRX200 (200 MHz for 
1
H) or Bruker Avance DRX500 (500 MHz for 

13
C) spectrometer with calibration 

to the residual proton solvent signal in DMSO-d6 (
1
H NMR: 2.52 ppm, 

13
C NMR: 39.5 ppm), CDCl3 (

1
H 

NMR: 7.26 ppm, 
13

C NMR: 77.16 ppm) against TMS with δ = 0.00 ppm. Multiplicities of the signals 

were specified s (singlet), d (doublet), t (triplet), q (quartet) or m (multiplet). The electronic absorption 

spectra were obtained using a 1 cm quartz cell using an Evolution™ 200 series UV-Visible 

spectrophotometer. X-ray powder diffraction of the samples was obtained using a powder Rigaku X-ray 

diffractometer (PXRD; Rigaku, Japan). The scanning was done in the region of 2θ from 30 to 801 at 

0.041/min with a time constant of  2 s. The elemental  composition  of  the  AgNPs  was  further  

confirmed  by scanning  electron  micrograph–energy  dispersive  spectroscopy (SEM-EDX, Hitachi 

S-7400, Hitachi, Japan). The electronspray ionization mass spectra (ESI-MS) of the synthesized 

compounds were acquired in the linear mode for positive ions on UHR-QTOF maXis 4G (Bruker 

Daltonics) and Bruker Ultraflex MALDI-TOF instrument equipped with a 337 nm nitrogen laser pulsing at 

a repetition rate of 10 Hz. The 2+ charge assignment of ions in ESI-MS was confirmed by the m/z = 0.5 

difference between the isotope peaks (x, x+1, x+2). Peaks with chlorine showed the isotope ratio 
35/37

Cl = 
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75.8:24.2. For the mass spectral assignment: Peaks are based on 
12

C with 12.0000 Da and 
35

Cl with 34.968 

Da.  

3. Synthesis of 4-(3-Chloropropoxy)benzaldehyde (1)  

3-Bromochloropropane (0.15 mL, 1.5 mmol) was added to a solution of 4-hydroxybenzaldehyde (0.20 

g, 1.6 mmol) in DMF (20 mL) containing K2CO3 (0.69 g, 5.0 mmol). The mixture was stirred at room 

temperature (5 h). The reaction mixture was poured into aqueous 1 M HCl solution (100 mL) and extracted 

with EtOAc (3 x 30 mL). The combined EtOAc extracts were washed with 1 M HCl (2 x 30 mL), saturated 

NaHCO3 (2 x 30 mL), saturated brine (2 x 30 mL), dried (MgSO4) and filtered. The filtrate was evaporated 

8.0 Hz, 2H), 3.73 (t, J = 8.0 Hz, 2H), 4.21 (t, J = 8.0 Hz, 2H), 6.98 (d, J = 8.0 Hz, 2H), 7.82 (d, J = 8.0 Hz, 

2H), 9.89 (s, 1H);  13C NMR (CDCl3) 31.9, 41.1, 64.5, 114.7, 130.0, 131.9, 163.6, 190.6 ppm. The 

aldehyde was unstable in the MS system, only the corresponding carboxylic acid was detected.  The 1H 

NMR and mass spectral data of this compound corresponds to that reported in the literature.5 The 13C 

NMR spectrum obtained also supports the structure of the desired product. 

4. Synthesis of carboxymethyl-imidazolium chloride ionic liquid (CMICIL, 2)  

A solution of 54-(3-Chloropropoxy)benzaldehyde (1) (9.8 mmol) in dry toluene (25 mL) was added 

dropwise, over 30 min, to a vigorously stirred solution of 1H-imidazol-1-ylacetic acid (1.22 g, 9.65 mmol) 

in dry toluene (50 mL) at room temperature under N2 atmosphere. The resulting solution was further stirred 

under this inert atmosphere at 70 °C for 24 h. After cooling, the isolated product was intensively washed 

with dry toluene (5 x 15 mL), several with ether ( 5x10 mL), to remove the unreacted materials, and dried 

under vacuum to give the desired salicyl imidazolium ionic liquid (2) which used for the following 

preparation without further purification. It was obtained as a dirty white solid, yield (73%), mp = 74-75 ºC. 

FTIR (KBr, cm
-1

): 3336 (m, br), 1705 (vs, sh), 1598, 1451, 1383 (s, sh), 1281 (s, sh), 1155 (s, sh). 
1
H NMR 

(200 MHz, DMSO-d6) δ (ppm): 13.98 (s, 1H), 12.26 (s, 1H), 10.21 (s, 1H), 8.91 (s, 1H), 7.95 (d, J = 1.78 

Hz, 1H), 7.78 (d, J = 1.73 Hz, 1H), 7.23 (s, 1H), 7.07 (s, 1H), 5.97 (s, 2H). 
13

C NMR (125 MHz, DMSO-d6) 

δ (ppm): 191.93, 175.11, 154.48, 145.31, 137.53, 130.68, 129.01, 124.12, 123.38, 123.09, 120.72, 57.03, 

and 56.64. ESI-MS: In positive mode peaks at m/z = 289.3 [C15H17N2O4
+
, M - Cl

‒
]

+
 a.m.u. 

5. Synthesis of carboxymethyl-imidazolium-grafted chitosan Schiff base (CMICSB) 

This Schiff base support was synthesized according to a protocol that has been used in our previous 

study [1]. In brief, aliquot one gram of CS was mixed with CMICIL (equimolar to NH2-content in CS as 

quantified from N%) in 50 mL of ethanol. Then the reaction mixture was heated under reflux and vigorous 

stirring for 72 h. The formation of CMICSB was detected using UV–Vis analysis. At the end of the 

reaction, a yellow product was obtained from CMICSB, which was collected by filtration, washed several 

times with ethanol, and dried in a vacuum oven at 50 °C for 24 h. 

6. Preparation of GO 
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GO was synthesized from graphite by a modified Hummers' method. In brief, 2 g graphite powder was 

added into a 250 ml beaker, then 1 g of sodium nitrate and 50 ml concentrated H2SO4 (95%) was added into 

it sequentially under stirring in an ice bath, and then KMnO4 (8 g) was added slowly into the beaker at 

lower than 20 °C. Then the ice bath was removed after 10 min and the mixture was stirred at 35 °C for 12 

hour. Subsequently, deionized water (150 ml) was slowly added under severe stirring and the diluted 

suspension was stirred at 90 °C for 30 min. Finally 10 mL H2O2 was put into the mixture to convert the 

unreacted permanganate and manganese dioxide into soluble sulfate. The reaction mixture was centrifuged 

(10000 rpm for 30 min), and the supernatant was decanted away. The remaining solid material was washed 

3 times with 5% HCl solution in order to remove the excess of manganese and washed with deionized 

water several times, and finally by filtration and air drying, graphite oxide was obtained. For using in the 

reactions, the graphite oxide aqueous suspension was ultrasonicated for 30 min to form graphene oxide. 
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Fig S1: PXRD spectra of graphite (GR) and Graphene oxide (GO) 

 

 

 

 

 

Fig S2: PXRD spectra of chitosan (CS) and carboxymethyl-imidazolium-grafted chitosan Schiff 

base (CMICSB). 
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Fig S3: SEM micrograph of carboxymethyl-imidazolium-grafted chitosan Schiff base (CMICSB) 

 

Fig S4: EDX spectrum of CMICSB-GO hybrid 
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Fig S5: FTIR spectra of CMICSB-MGO-Pd nanocatalysts before (fresh) and after catalytic 

reaction (recycled). 

 

Fig S6: PXRD spectra of CMICSB-MGO-Pd nanocatalyst before (fresh) and after catalytic 

reaction (recycled). 
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Table S1: Optimization of reaction conditions 
a
 for the catalytic reduction of nitro benzene by NaBH4 

over CMICSB-MGO-Pd nanocatalyst.  

Entry Catalyst (mg) NaBH4 (mmol) Solvent Temp. (°C) Yield (%)b 

1 0 2 H2O 50 0 

2 1 2 H2O RT 71 

3 2 2 H2O RT 83 

4 3 2 H2O RT 98 

5 4 2 H2O RT 98 

6 5 2 H2O RT 99 

7 3 1 H2O RT 75 

8 3 2 H2O RT 98 

9 3 2 EtOH RT 83 

10 3 2 H2O- EtOH (1:1) RT 97 

11 3 2 H2O RT 98 

12 3 2 H2O 50 99 
aReaction conditions : 1 mmol nitrobenzene; 2 mmol NaBH4; 2 mmol N2H4

.H2O; 3 mL Solvent. 

bIsolated yield. 
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