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Reducing nitroarenes to the appropriate amines is a major chemical reaction in all 
industrial and environmental perspectives. In this work, a novel palladium (II) 
Schiff/base complex supported on graphene oxide (GO) was synthesized via a 
coordination interaction as an efficient heterogeneous catalyst. GO was functionalized 
with 3-aminopropyltriethoxysilane (3-APTES) by the condensation reaction, and then 
the imidazolium Schiff base ligand was fabricated from the reaction of 5-(1-
methylimidazolium)-vanillyl chloride. The synthesized materials were characterized by 
various techniques including Raman spectroscopy, FTIR, XRD, elementary analysis, 
TGA, SEM, and TEM. The as-prepared heterogeneous catalyst was applied in the 
catalytic reduction of nitrobenzene using NaBH4 in aqueous media. The results 
exhibited excellent catalytic performance and the reaction kinetics followed a pseudo-
first-order with rate constant equals to 0.321 min

-1
. The catalyst was recovered and 

recycled with high durability even for four catalytic cycles. GO-supported Pd(II) Schiff / 
base complex is potentially appealing to heterogeneous catalysts for the 
hydrogenation process. 
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1. Introduction  

 
 

Reducing nitroarenes to the appropriate amines is a 
major chemical reaction in all industrial and environmental 
perspectives [1]. Aniline and its derivatives are significant 
key precursors in various chemical industries such as 
synthesis of pharmaceuticals, fine chemicals, 
agrochemicals, pigments, polymers, dyes, and biologically 
active compounds [2-5]. Moreover, nitro compounds; 
especially 2-nitrophenol (2-NP) and 4-nitrophenol (4-NP), 
are classified as hazardous environmental contaminants 
owing to their strongly stability and solubility and in water 
and difficult biodegradation [6]. The traditional route for 
the reduction of nitroarenes by iron or zinc under acidic 
conditions produces a huge amount of waste [7]. Thus, 
the development of selective and efficient catalytic 
systems, based on transition metals, for the 
transformation of nitro compounds into anilines has 
attracted a progressive interest. 
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Recently, metal nanoparticles play a significant role in 
nanocatalysis field because of the enhancement in the 
physical and chemical properties upon transition from bulk 
to nanomaterials improving the catalytic performance [8]. 
Therefore, the reduction of nitro compounds is usually 
carried out using various catalytic systems based on 
transition metals, for instance Ni [9], Fe [10], Pt [11], Ru 
[12], Au [13], and Ag [14] with diversities of hydrogen 
sources. Among these metals, Pd nanoparticles have 
been widely studied as catalysts for synthesize of anilines 
due to its high surface-to-volume ratio and unique 
properties such as high selectivity, recyclability and strong 
interactions with hydrogen [15, 16]. In addition, hydrogen, 
sodium borohydride, hydrazine hydrate, ammonia borane, 
and formic acid are commonly utilized as reductant for 
nitro-containing compounds [17-21]. 
In recent years, several homogeneous catalytic systems 
have been reported for synthesize of amines by the 
reduction of nitro groups [22-24]. Nevertheless, these 
homogeneous catalysts have represented a challenge to 
industrial and pharmaceutical applications due to high 
cost of preparation, product contamination, and difficult 
catalyst separation from the reaction media for recycling 
[25]. Furthermore, the aggregation of nanoparticles with 
high surface area decreases the catalytic activity of 
homogeneous systems [26]. Contrariwise, anchorage of 
metals onto a solid support, to design heterogeneous 
catalysts, is leading to efficient recovery, and improving 
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stability and selectivity of the catalyst [27]. For extremely 
effective heterogeneous catalysts, indeed, the metal 
should be extremely active and firmly attached to the 
support to reduce metal detach and optimize reusability 
[28]. For these reasons, many researches have been 
devoted to successfully immobilize transition metals on 
different solid supports such as mesoporous silica [29], 
zeolites [30], clays [31], collagen fibers [32], boehmite 
[33], Metal organic frameworks (MOFs) [21], and carbon 
nanomaterials [34, 35]. 

Among different carbon nanomaterials, graphene oxide 
(GO) has revealed a great interest as an excellent support 
for the development of a diversity of metallic 
nanocatalysts, due to its unique electronic properties, 
chemical and thermal stability, intrinsic porosity, large 
surface area and high dispersibility in water and other 
organic solvents [36-40]. GO is a unique two-dimensional 
sp

2
 hybrid carbon-based material with a hexagonal 

network with plenty of chemically reactive functional 
groups on the basal planes as well as edges i.e. -COOH, 
epoxy and –OH groups [41]. Hence, various GO 
derivatives have been formed through the covalent 
linkage of organic molecules on GO surface and the 
silylation adjustment on GO surface is a good example for 
the preparation of graphene nanocomposites [42]. This 
silylation process is easily occurred by the reaction of 
various silane-containing reagents with the active hydroxyl 
groups on GO. Few investigations have been reported on 
the synthesis of transition metal complexes to catalyze the 
reduction of nitro compounds. Schiff bases are versatile 
organic ligands in coordination chemistry and have been 
extensively used to synthesize stable metal complexes to 
catalyze various organic reactions due to their interesting 
properties such as ease of synthesis and electronic 
structures [33, 43]. 

In the present work, we successfully prepared a 
palladium-Schiff base complex by a simple and facile 
method from the reaction of 5-(1-methylimidazolium)-
vanillyl chloride with 3-aminopropyltriethoxysilane that had 
already been immobilized on GO. The catalytic activity of 
the Pd(II) Schiff-base/GO catalyst was examined in the 
reduction of nitrobenzene under mild conditions. This 
catalytic system offered high catalytic activity due to the 
distinctive properties of GO as a nanostructure support as 
well as the presence of palladium complex on the GO 
surface. 

 

2. Materials and methods 

2.1 Materials 

All chemicals, and solvents were of analytical grade and 
were used without further purification. Graphite, 3-
aminopropyltriethoxysilane (3-APTES, 99%), toluene 
(anhydrous, 99.8%), ethanol (≥99.8%), nitrobenzene, 
sulfuric acid (99.99%), phosphoric acid (85 wt. % in H2O), 
KMnO4 (≥99.0%), hydrogen peroxide (30 wt. % in H2O), 
palladium chloride, potassium chloride, and NaBH4 are 
purchased from Sigma Aldrich. In addition, 5-(1-
methylimidazolium)-vanillyl chloride was synthesized from 

o-vanillin and 1-methylimidazole according to the 
procedure reported in the literature [44]. 

2.2 Characterization 

The FTIR spectra of the fabricated materials were 
performed in the range 400-4000 cm

-1
 using Bruker Vector 

22 spectrometer (KBr disc).  XRD patterns were 
conducted on X’Pert Philips Diffractometer, applying the 
Cu-Kα at λ =1.54056 Å. The thermal assessment was 
conducted on Shimadzu-60 thermal analyzer with flow of 
nitrogen (20 ml/min.) and 5 and 10 ˚C/min heating rate up 
to 1000˚C. The elemental assessments was estimated on 
a CHN-analyzer (2400 PerkinElmer, USA). The surface 
morphologies analysis were iexaminedby scanning 
electron microscopy (SEM) (JEOL JSM-7100F). 
Transmission electron microscopy (TEM) images were 
obtained from a JEOL model 2100 instrument working at 
200 kV. 

2.3 Synthesis 

2.3.1 Preparation of graphene oxide (GO) 

Graphene oxide, GO, was prepared from graphite powder 
using modified Hummers method with slight modifications 
[45]. In brief, 0.3 g of graphite powder is added to the 
mixture of 25 ml of conc. H2SO4 is blended with 2 ml of 
H3PO4 with stirring for 15 min. Then, 1.35 g of KMnO4 is 
slowly added, and then the temperature is raised to 50 °C. 
Continues agitation is needed for about three hours until 
the color of the solution turned to deep green. Then, the 
blend is placed to ice bath having 1.5 ml H2O2, and the 
solution is heated slowly to get ride the residual 
permanganate. The mixture was separated and rinsed 
with 30 mL of HCl/H2O (1:4, V/V). Finally, the GO was 
dispersed in diethyl ether overnight, separated, and dried 
at 50 °C. 

2.3.2 Preparation of NH2-functionalized graphene oxide 
(NH2-GO) 

NH2-GO was fabricated by grafting 3-amino-
propyltriethoxysilane (3-APTES) on graphene oxide 
targeting their hydroxyl and carboxylic groups [46]. The 
as-prepared GO (100 mg, 50 mL) was suspended by 
sonication in anhydrous toluene. Subsequently, 2.3 mmol 
of 3-APTES was poured to the dispersed graphene oxide 
and the blend was heated at 110 °C for 24 h under N2 
protection (Scheme 1). After filtration, the solid, denoted 
as NH2-GO, was washed with toluene 4 times for 
removing undigested APTES and the NH2-GO was dried 
at 60 °C. 

2.3.3 Preparation of Palladium(II) Schiff-base complex 

0.5 g of the prepared NH2-GO was sonicated with 100 mL 
ethanol using an ultrasonic technique and then 1.0 g of 5-
(1-methylimidazolium)-vanillyl chloride reagent was 
added. The reaction mixture was heated for 8 h under 
nitrogen gas. After reaction completion, the resulting 
product was centrifuged and rinsed four times by ethanol 
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to eliminate the unreacted reagent. In order to prepare the 
palladium complex, PdCl2 (0.2 g) and an excess amount 
of KCl (50 mg) were dissolved in deionized water (10 mL) 
with stirring at room temperature for 15 min. Finally, 0.5 g 
of the obtained Schiff-base/GO was added and the 
mixture was continuously stirring at ambient temperature 
overnight (Scheme 1). After centrifugally separation, the 
prepared complex was washed five times with water. 

2.3.4 Catalytic reduction of nitrobenzene 

In order to examine the catalytic performance of the 
Pd(II) Schiff-base/GO catalyst, the reduction of 
nitrobenzene using NaBH4 was studied as a typical 
reaction in the aqueous phase. Firstly, freshly prepared 
aqueous solution of NaBH4 (5 mg in 1 mL ice water) was 
mixed with 5 mL of 2.5x10

-4
 mol L

-1
 nitrobenzene in 5 mL 

deionized water placed in a plastic tube. Then, 1 mg of the 
Pd(II) Schiff-base/GO catalyst was added into the mixture 

and the reduction of nitrobenzene was started at the 
moment of catalyst addition. The success of the reaction 
was followed by evaluating a slight portion of the reaction 
mixture at determined estimated time intervals in the UV 
vis-spectrophotometer a shimadzu 2600. The catalyst was 
separated from the mixture at the completion of the 
reaction so that it can assess its recyclability. The catalyst 
separation was carried out by centrifugation and rinsed 
with distilled water and ethanol for four times to get rid of 
any adsorbed molecules. The recycled catalyst was 
added to another freshly prepared solution of 
nitrobenzene and NaBH4 and the next reaction run is 
started. The durability examination was performed in four 
consecutive catalytic cycles. 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

Scheme 1. Synthesis of Pd(II) Schiff-base/GO catalyst 
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3. Results and discussion 

3.1 Materials Characterization  

The magnitude of elemental assessment of C, H, and N 
elements given by CHN analysis for the prepared 
samples are shown in Table 1. The amount of nitrogen in 
the amino-functionalized GO is 7.07% identifying that the 
amino groups are successfully introduced on the GO 
surface. The FTIR spectral data of GO, GO-NH2 and 
Pd(II) Schiff-base/GO samples are shown in Fig. 1. For 
GO, three mainly bands are detected ascribed to 
oxygenated functional moieties -OH, C=O and epoxy 
moieties at 3443, 1631 and 1032 cm

-1
, respectively. Also, 

the peak at 2924 cm
-1

 related to C-H vibration mode of 
aromatic ring in graphene oxide. The spectrum of NH2-
GO contains some further bands can be related to 
emphasize the silylation process; the peak due to 
stretching mode of N-H at 3442 cm

-1
 and the bending 

band at 1517 cm
-1

 ascribed to a primary amine. The 
peaks at 2960 and 2925 cm

-1
 assigned to the symmetric 

and asymmetric stretching of -CH2 group within the 
APTES. Successful grafting of graphene oxide with 
amino groups through chemical bonding consequence in 
the bands at 1111 and 1034 cm

-1
 which ascribed to the 

vibration of Si–O, and the apparent stretching modes of 
Si–O–C at 698 cm

-1
, respectively. The FTIR spectrum of 

Pd(II) Schiff-base/GO displays an extra peak at about 
1618 cm

-1
 attributing to C=N stretching, indicating that 

the Schiff-base was successfully immobilized onto GO. 
 

Table 1. CHN analysis of the fabricated materials 

Sample C% H% N% 

GO 33.77 2.70 1.87 

GO-NH2 23.04 4.85 7.07 

Pd(II) Schiff-base/GO 25.51 3.36 5.10 

Raman spectroscopy is broadly applied non-destructive 
characterization key to emphasize ordered/disordered 
crystal structure and electronic characteristics of graphitic 
materials. The D and G bands are familiar features of 
Raman carbon spectra. The G band corresponds to sp

2
 

carbon lattice and the D band assigned to graphitic 
domain defects. The Raman spectra of GO and Pd(II) 
Schiff-base/GO complex are shown in Fig. 2. GO shows D 
band and G band at 1352 and 1584 cm

-1
, respectively. 

The spectrum of the as-prepared catalyst exhibits a red-
shifted D band at 1340 cm

−1
, indicating the introduction of 

defect and disorder of the in-plane sp
2
 domains.

 
The ratio 

of the intensity of the D band to the G band (ID/IG) is 
regarded as an essential attribute that can be used as a 
measure of goodness of the graphitic structures where the 
value of ID/IG is approaching zero for defect-free graphene 
[47]. In Pd(II) Schiff-base/GO, the value of ID/IG (1.07) 
increases compared with that in GO (0.88), suggestion an 
increased disorder in the lattice of graphene after GO 
decoration. 

 

 

Fig. 1. FTIR spectra of GO, NH2-GO, and Pd(II) Schiff-base/GO complex 
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Fig. 2. Raman spectra of GO and Pd(II) Schiff-base/GO complex 

 
The crystalline nature of prepared GO and Pd(II) 

Schiff-base/GO complex was investigated through the 
powder XRD technique. In our previous work [48], the 
diffraction pattern of GO showed the characteristic peak at 
2θ = 11.13° with d-spacing of 0.782 nm with reference to 
the distinctive peak of bulk graphite at about 26° with 
corresponding to interlayer spacing of 0.343 nm. These 
results confirmed worthy exfoliation of graphite sheets and 
successful insertion of oxygenated functional groups 
between GO layers. Furthermore, the amine 
functionalized GO demonstrated a broad peak at 21.9° 
related to amorphous silica layer with decrease in the 
intensity of the peaks. Fig. 3 reveals the XRD pattern for 
the Pd(II) Schiff base/GO catalyst that clarifies 
appearance of a new peak at 2θ = 26.23°, indicating the 
synthesis of palladium complex. 

The thermal stability of the catalytic systems is a 
desirable property in recycling process. Therefore, the 
TGA plots of GO, NH2-GO and Pd(II) Schiff-base/GO 
complex are depicted in Fig. 4 to explore their thermal 
stability. The TG profile of GO displays three different 
steps. The observed weight loss of about 25 percent 
underneath 150 °C proved the water evaporation that are 
held in the sample. The second significant mass loss is 
noticed in the range of 150-350 °C was approximately 30 
percent and owing to the thermal decomposition of labile 
oxygenated functional moieties [49]. The more stable 
oxygen fragments were eliminated at higher temperatures 
in the range of 450-650 °C (32 percent) [50]. For the 
amino-functionalized GO and the Pd(II) Schiff-base/GO 
complex, the curves showed a small weight loss at 150 °C 
related to the desorption of water molecules from their 
surfaces (8 and 5 percent, respectively),which is lower 
than GO. Moreover, the APTES grafted GO had two more 
significant weight losses. The first was around 23 percent 
in the temperature range of 250-400 °C ascribed to the 
decomposition of undigested oxygen carrying parts on GO 

surface that have not shared in the interaction with 
APTES. The other major mass loss (37 percent) starts at 
400 °C owing to the decomposition of APTES groups. The 
Pd(II) Schiff-base complex  thermograph displays a weight 
loss of approximately 49 percent over a large temperature 
range from 150-600 °C owing to the decomposition of the 
Schiff base complex [51]. Finally, the total weight loss for 
GO, NH2-GO and Pd(II) Schiff-base/GO samples were 
about 95, 72, and 56 percent, respectively. These results 
exhibited high thermal stability for the Pd(II) Schiff-
base/GO catalyst, and the coordination between 
palladium and the imidazolium Schiff-base ligand revealed 
a good stability.  

 
 

Fig. 3. XRD pattern of Pd(II) Schiff-base/GO complex 
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Fig. 4. TGA profiles of the fabricated materials 

Fig. 5 represents the SEM and TEM images of the 
obtained materials.  

The SEM image of GO (Fig. 5a) shows crumpled-
layered structure and smooth surface. Heavy wrinkled 
flakes are observed in GO layers and edges (Fig. 5b) 
referring to the Pd complex immobilized on amine-
functionalized GO. The TEM image in Fig. 5c exhibits the 
existence of the Pd complex without any change of 
layered structure of GO. 

3.2 Catalytic activity of Pd(II) Schiff-base/GO 

The catalytic hydrogenation of nitrobenzene into aniline 
in the existence of NaBH4 at ambient temperature was 
performed as a model reaction to test the catalytic 
efficiency and flexibility of the Pd(II) Schiff-base/GO 
catalyst. Fig. 6 shows the UV-Vis absorption spectra of 
nitrobenzene, aniline, and the as-prepared Pd(II) catalyst. 
It is exhibited that nitrobenzene and aniline display 
intensive absorption bands at 266 nm and 230 nm, 
respectively [52]. Moreover, the addition of pure GO 
causes a quick reduce in the intensity of the nitrobenzene 
band at 266 nm, which is not accompanied, by any new 
peak for aniline. It would be attributed to the good and 
rapid adsorption of nitrobenzene substrate on the surface 
of GO. 

 

 

Fig. 5. SEM images of (a) GO (b) Pd(II) Schiff-base/GO complex (c) TEM image of Pd(II) Schiff-base/GO complex 
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Fig. 6. UV-vis absorption spectra of nitrobenzene, aniline, and Pd(II) Schiff-base/GO catalyst 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 7. UV-vis absorption spectra displaying gradual reduction of nitrobenzene (NB) over Pd(II) Schiff base/GO (2 mg 

catalyst, 5 mg NaBH4, 3.5x10
-4

 molL
-1

 NB) 
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As revealed in Fig. 7, the reduction of nitrobenzene 
could be easily investigated by the time-dependent UV-Vis 
absorption spectra. After the insertion of the Pd(II) Schiff-
base/GO catalyst to the reaction mixture, the absorbance 
band of nitrobenzene at 266 nm slightly decreases in 
intensity with a simultaneous increase in the new band at 
230 nm upon increasing reaction time that is ascribed to 
aniline product. The Pd(II) Schiff-base/GO catalyst 
showed superb catalytic activity in the reduction of 
nitrobenzene (Fig. 7). The reaction reached almost 96% 
completion after 5 min. This outstanding catalytic 
efficiency of the Pd(II) Schiff-base/GO catalyst is mainly 
related to the adsorption power of GO support towards 
nitrobenzene through π-π interactions due to the 
distinctive properties of the two dimensional crystal 
structure of GO. This provides a high concentration of 
nitrobenzene reactant on the surface of the catalyst close 
to the Pd(II) ions that speeds up the reaction. 
Furthermore, GO has the ability to easily transfer 
electrons into the Pd(II) center encouraging the uptake of 
electrons by nitrobenzene molecules. 

3.2.1 Kinetic study 

The kinetic study of the catalytic reduction of 
nitrobenzene over Pd(II) Schiff-base/GO nanocomposite 
was investigated to detect the catalytic properties of the 
catalyst. The large excess of the initial concentration of 
NaBH4 compared to nitrobenzene supposed this 
concentration to be remained constant until the end of the 
reaction. Consequently, the pseudo-first-order reaction 
kinetic model was applied [53]. The rate constant (k) for 
the pseudo-first-order reaction could be estimated from 
the equation 

 

 where Cₒ and C are the initial concentration and the 
concentrations of nitrobenzene an any reaction time t, 
respectively. Fig. 8 displays the plot of ln(C/Cₒ) of 
nitrobenzene versus reaction time using Pd(II) Schiff-
base/GO catalyst. The relevant result observed good 
linear correlation and the rate constant (k) evaluated from 
the slope in Fig. 3 was found to be 0.321 min

-1
. 

3.2.2 Comparison with other catalysts 

For benchmarking the current work, the catalytic 
activity of Pd(II) Schiff-base/GO catalyst was compared 
with some earlier reported studies on the nitrobenzene 
hydrogenation of and the data are emphasized in Table 2. 
It is obvious from Table 2 that the rate of the catalytic 
reduction of nitrobenzene over Pd(II) Schiff-base/GO in 
the present work is superior when compared with variant 
catalytic systems. 
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Fig. 8. Kinetics plot of ln(C/Co) of nitrobenzene reduction 
versus time using Pd(II) Schiff base/GO catalyst 

3.2.3 Reusability of the Pd(II) Schiff-base/GO catalyst 

The recyclability is a crucial property in heterogeneous 
catalysts and it is an important factor in industrial 
applications from economical and environmental 
viewpoints. The Pd(II) Schiff-base/GO catalyst was 
recycled four consecutive times in the reduction of 
nitrobenzene under similar conditions (Fig. 9). As 
displayed in Fig. 9, the catalytic activity of the prepared 
catalyst is conserved without any significant loss of 
conversion percentage even after the fourth cycle at the 
same reaction time that indicate the good stability and 
persistence of the Pd(II) Schiff-base/GO catalyst. 

 

Fig. 9. Conversion (%) of nitrobenzene reduction for 

each cycle using Pd(II) Schiff base/GO catalyst 
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Table 2. Comparison of catalytic activity of Pd(II) Schiff-base/GO in nitrobenzene (NB) reduction with catalytic systems 
in previous studies. 

Catalyst [NB], M Reduction type K, min
-1

 Ref. 

Pd(II) Schiff-base/GO 3.5 × 10
-4

 
Chemical reduction with 

NaBH4 
0.321 

Present 
work 

Pd/graphitized C 4 × 10
-4

 
Chemical reduction with 

NaBH4 
0.24 [54] 

Pd 4 × 10
-4

 
Chemical reduction with 

NaBH4 
0.079 [54] 

Pd/Fe3O4@C 4 × 10
-3

 
Chemical reduction with 

NaBH4 
0.049

a
 [55] 

Pd/Fe3O4@C 4 × 10
-3

 
Chemical reduction with 

NaBH4 
0.056

b
 [55] 

Pd/Fe3O4@C 4 × 10
-3

 
Chemical reduction with 

NaBH4 
0.14

c
 [55] 

Nitrogen/porous carbon (NPC) 8 × 10
-4

 Electrocatalytic reduction 0.017 [56] 

eosin Y 2 × 10
-4

 Photocatalytic reduction 0.30
d
 [57] 

eosin Y 2 × 10
-4

 Photocatalytic reduction 0.28
e
 [57] 

a
 20 °C, 

b 
40 °C, 

c
 60 °C, 

d
 aerobic conditions, 

e
 anaerobic conditions. 

 

 
 

Scheme 2. Proposed mechanism for the reduction of nitrobenzene by NaBH4 in the presence of Pd(II) Schiff-base/GO 
catalyst. 
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3.2.4 Proposed mechanism for the reduction of 
nitrobenzene 

The reaction mechanism for the catalytic reduction of 
nitrobenzene involves several consecutive steps [58-61]. 
In the most acceptable mechanisms, phenyl-
hydroxylamine is formed as an intermediate through the 
direct pathway. This reaction can be described as a 
proton-coupled hydride transfer. In the first step, NaBH4 is 
decomposed over the surface of the catalyst generating 
hydrogen gas. The following step is a proton-coupled 
hydride transfer from the active catalytic surface to the 
nitro group in nitrobenzene substrate that followed by 
dehydration to give a nitroso intermediate. The generation 
of hydrogen gas is occurred continuously at the surface of 
the catalyst. Moreover, a hydride attacks nitrosobenzene 
succeeded by protonation yielding the 
phenylhydroxylamine intermediate, which in turn is 
exposed to further proton-coupled hydride transfer and 
then dehydrated to finally yield an amino group in aniline. 
Hence, the suggested mechanism for the reduction of 
nitrobenzene using NaBH4 over Pd(II) Schiff-base/GO 
catalyst is illustrated in Scheme 2. 

4. Conclusion 

In summary, GO was exceptionally employed as a 
solid support for immobilizing a palladium Schiff-base 
complex as a potent heterogeneous catalyst for the 
reduction of nitrobenzene. The catalysts showed superior 
catalytic activity and durability. These findings seem to be 
attributed to the unique attributes of GO and the 
outstanding interactions between Pd(II) and the Schiff-
Base ligand. 
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