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Abstract: The conversion of nitro compounds to their corresponding amino compounds by reduction route is a significant 

chemical reaction from an industrial and environmental standpoint. In the present paper, copper Schiff base complex was 

successfully prepared from the reaction between (1, 1 -(pyridine- 2,3- dimethyl imino methyl)naphthalene-2,2 –diol) and 

Cu(CH3COO)2 salt. This was successfully characterized with different techniques and grafted over graphene oxide (GO) as support 

after functionalizing it via chemical grafting using aminopropyltriethoxysilane (APTES) as a linker to obtain the functionalized 

form (FGO). The new heterogeneous complex (CuMGO) was depicted using physicochemical and spectroscopic tools such as FT-

IR, UV-Vis, SEM, XRD, Raman spectroscopy, and XPS. The results manifest that Cu(II) imine complex was successfully 

immobilized on GO. The resulting catalyst was used to reduce 4-nitrophenol (4-NP) to its corresponding amine 4-aminophenol (4-

AP) at room temperature in case of using hydrazine hydrate as a reducing agent. It showed good activity with a percent of 

conversion (44.4%) and an apparent rate constant of 2.06 × 10-3 min-1 in about 130 min.  The prepared catalyst can be recycled 

five times without losing its activity. 
Keywords: Cu(II) complex, Graphene oxide, catalytic reduction, 4-nitrophenol, XRD, SEM, Schiff base.   

  

1. Introduction 

Imine ligands are multilateral compounds that can be  used 

over a wide area as chelating agents in coordination chemistry 

because they can form highly stable transition metal 

complexes. Reported studies show that Schiff's bases and their 

complexes can be applied in multiple domains, such as 

catalysis [1, 2], luminescence [3], and antimicrobial activities 

[4-6]. Imine metal complexes are effective catalysts in either 

homogeneous or heterogeneous processes, and the overall 

catalytic efficiency depends on the type of imine, the 

coordinated active sites, and the metal ions used [7, 8]. 

Recently, a number of homogeneous catalyst structures for the 

synthesis of amines by reduction of nitro groups have been 

reported [9, 10]. Cu(II) complexes of the Schiff base ligands 

have great importance as active homogeneous catalysts in 

oxidation reactions, synthesis reactions, and in the reduction of 

organic compounds [11]. However, these homogeneous 

systems face challenges when they are industrially and 

pharmaceutically applied, owing to high costs of preparation, 

product contaminants, and problems of separating the catalyst 

from the reaction medium [12]. Conversely, the need to 

develop new structures that are highly active and easily 

separable is being explored. This can be completed by 

immobilizing a complex of Schiff's bases on the solid surface 

for supporting and developing efficient heterogeneous catalysts 

[13]. Many studies were conducted to effectively immobilize 

transition metals on several stable solid supports such as 

mesoporous silica [14], zeolites [15], clays [16], collagen 

fibers [17], boehmite [18], metal-organic frameworks (MOFs) 

[19], and carbonaceous nanomaterials [20, 21].  

In particular, carbonaceous materials have improved 

versatility in catalysis. Graphene oxide, a two-dimensional 

sp2-hybrid carbon nanomaterial, has remarkable properties, 

including a large surface area, hydroxyl and carboxyl moieties, 

abundant hydrophilic epoxides, and greater mechanical energy 

and flexibility [22]. All graphene oxide-based materials have 

the potential to significantly improve a wide range of 

applications, including sensors, composite materials, catalysis, 

solar cells, and fuel storage [23]. GO-based catalysts are 

heterogeneous catalysts that can be used to classify a variety of 

financial and ecological challenges because of their exquisite 

synergism [24]. For example, Li et al. [25] have demonstrated 

that Cu(II) and Co(II) Schiff base complexes immobilized on 

GO showed higher conversion and selectivity for aerobic 

epoxidation of styrene. Furthermore, they were easily 

recovered and could be recycled many times without losing 

their activity. Rahmatpour et al. [26] have recently reported the 

immobilization of Cu(II) Schiff base complex on Fe3O4 

nanoparticles as an active nanocatalyst for  2-amino-4 H 

benzo[h]chromenes and the reduction of 4-nitrophenol. The 

prepared catalyst was recovered and reused over 4 cycles with 

no significant decrease of its activity. Moreover, Dastjerdy et 

al. [27] prepared a copper complex immobilized on magnetic 
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GO as a heterogeneous catalyst for treating environmental 

pollutants and preparing chromenes. It can be considered 

chemically stable and could be recycled without loss of 

activity. A copper complex bearing 5-amino-tetrazole ligand 

onto graphene oxide nanosheets was synthesized. The catalytic 

activity of the prepared catalyst was evaluated in 4-nitrophenol 

(4-NP), methylene blue (MB), Rhodamine B (RhB), nigrosin 

(NS), and congo red (CR) reduction with NaBH4. The catalyst 

showed high recyclability for six cycles [28].  

Nitro aromatics are among the most important and largest 

chemicals in use today. It is surprisingly uncommon in nature 

and is mostly created by human activity. The US 

Environmental Protection Agency has classified it as a 

hazardous contaminant due to environmental hazards. As a 

result, the development of a methodology for conversion to 

harmless nitroamines has become a top priority and an 

essential focus for environmental protection [29]. However, the 

catalytic reduction of nitroaromatics is considered an essential 

chemical reaction in the fabrication of many compounds, 

including dyes, the pharmaceutical industry, and the 

production of pesticides [30-33]. Although many studies have 

been reported extending more environmentally friendly 

methods for the selective reduction of nitro compounds to their 

amino analogues [34, 35], Most of these methods have some 

limitations. Recent studies have extensively investigated the 

conversion of 4-NP to 4-AP by sodium borohydride as a 

hydrogen source [36]. However, little is known in the literature 

about using hydrogen sources other than sodium borohydride, 

particularly aqueous hydrazine, for 4-NP reduction. Aqueous 

hydrazine, a hydrogen storage material that contains no carbon 

atoms, has some worthy characteristics as it exists in a liquid 

form in a wide range of temperatures [37]. It is also 

significantly less expensive than sodium borohydride and 

formic acid (7 times and 1.4 times the Sigma-Aldrich price, 

respectively), and is relatively easy to manufacture. There has 

recently been renewed interest in using hydrazine hydrate as a 

hydrogen source to reduce 4-NP to 4-AP. 

In this study, a novel catalyst has been successfully 

synthesized for the first time by immobilization of copper 

imine complex on GO using a simple and convenient method 

via surface functionalization with 3-APTES. The catalytic 

efficiency of the Schiff/GO-based Cu(II) catalyst was also 

investigated to reduce 4-NP to 4-AP under mild conditions in 

the existence of hydrazine hydrate as a hydrogen source. Also, 

we are interested in comparing the catalytic performance of the 

new heterogenized catalyst with its homogeneous template. We 

can successfully demonstrate that the presence of the Schiff 

base complex above the surface of GO adds characteristic 

properties and makes it an efficient catalyst. The advantages of 

the present system is derived from the properties of GO as well 

as the presence of a copper complex on the surface of GO, 

which is accountable of its catalytic behavior.   

 

2. Experimental section 

2.1. Materials and characterization devices  

Chemicals were purchased from Sigma Aldrich or Merck 

and used without purification. The melting points were 

estimated on Gallenkamp (UK) apparatus. CHN analysis was 

collected using CHN-analyzer (Perkin-Elmer model 240c). FT-

IR spectra were done by (FT-IR Alpha Bruker with Platinum -

Ate with KBr pellets) apparatus from 400 to 4000 cm-1 with a 

resolution of 4 cm-1. 1HNMR with DMSO solvent was 

recorded using a Bruker Biospin NMR spectroscopy magnet 

device model 400 MHz. The molar conductance was measured 

by Jenway conductivity/TDS meter model 4510 in 

dimethylformamide solvent at room temperature and (1×10-3 

M) of the complex. The UV-Vis spectra of the prepared 

compounds were performed using DMF as a solvent and 

scanned by PG spectrophotometer model T+80 at 298 K. For 

GO (2 mg) was taken and dissolved in DMF with sonication 

for about 10 minutes. Gouy's balance was utilized to evaluate 

the magnetic characteristics of the complex, and the calibration 

was performed by diamagnetic corrections, which resulted 

from Pascal's constants and Hg[Co(SCN)4]. Bruker D8 

Advance using monochromatic Cu-kα radiation (k = 1.5406 Å) 

was used to perform X-ray powder diffraction analysis. SEM 

analysis was conducted via QUANTA FEG250 at the National 

Research Center, Egypt. Raman spectroscopic analysis was 

carried out through WI Tec alpha 300 RA. XPS was calculated 

on K-ALPHA (Thermo Fisher Scientific, USA) with 

monochromatic X-ray Al K-alpha radiation -10 to 1350 e.v 

spot size 400 micro m at pressure 10-9 m bar with full 

spectrum pass energy 200 e.v and at a narrow spectrum of 50 

eV. The UV-Vis scan of the reduction was recorded on PG 

spectrophotometer model T+80 at 298 K in the range 200 nm 

to 600 nm. 

2.2. Synthesis 

2.2.1. Synthesis of graphene oxide and its amino 

functionalized form   

A modified Hummer method was utilized to synthesize GO 

[38]. In an unconventional experiment, 2.0 g of graphite 

powder and concentrated H2SO4 (46 ml) were put together in a 

250 ml flask. Within 2 hours, the resulting mixture was cooled 

to 0° C. while stirring in an ice bath. KMnO4 (6 g) was added 

with robust stirring, and the flask was held at 0° C for 2 h for 

oxidation. The reaction solution was then stirred at 35 °C for 

30 minutes. 96 ml  of deionized water was added quietly to the 

reaction and increased the temperature to 95 °C over 15 

minutes using an oil bath. The final step was accomplished by 

treating it with 30% H2O2 and 240 ml of deionized water [39]. 

Furthermore, the produced precipitate was filtered, and 5% 

HCl and deionized water was used for washing it until reaching 

pH = (4-5) [40]. Finally, the resulting material was dried at 70 

°C for 3 days to obtain GO. The graphene oxide surface was 

functionalizedd with a slight modification of a known chemical 

grafting method. This experiment includes refluxing 0.5 g of 

GO with 7 ml of (3-APTES) dissolved in 15 ml dry toluene at 

90°C for 4 h.  

The formed solid was filtered and rinsed via toluene several 

times and dried overnight [41].  

2.2.2. Synthesis of the imine ligand and its Cu(II) complex 

To prepare the imine ligand, mix 0.545 g of pyridine 2, 3-

diamine (5 mmol) with 1.72 g of 2-hydroxynaphthaldhyde (10 

mmol) in ethyl alcohol (30 ml). The reaction was left for 30 

min at 50 oC with stirring and piperidine drops added as a 

catalyst [42]. The yellow product was separated by filtration 

and washed with ethanol; it was dried over anhydrous CaCl2. 
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Yellow color; m.p 260 oC; yield (87%). The Cu complex was 

synthesized by combining (2.08 g, 5 mmol) of the Schiff base 

and copper acetate monohydrate (0.99 g, 5 mmol) in 20 ml 

ethanolic solution. The mixture was left on the stirrer for 3 

hours at 25 o C. The product was isolated and filtered. Ethanol 

was used for washing the precipitate before drying it in a 

vacuum with anhydrous calcium chloride.  

 

2.2.3. Immobilization of the prepared complex on graphene 

oxide 

A suitable amount of GO (0.1g) was dispersed in 10 ml of 

toluene using ultrasonication. The dispersed solution was 

added to (0.1 g, 10 ml toluene) of Cu(II) complex with 0.5 ml 

of Et3N [43]. The reaction solution was stirred and refluxed at 

50 °C for 5 h. The solid was collected via filtration, washed 

with toluene to remove the unreacted moieties, and left to dry. 

2.3. Reduction of 4-NP   

An aqueous and fresh solution of NH2.NH2.H2O (1 ml, 10 

mM) was added to a solution of 4-NP (0.1 mM, 3 ml) in a 

cuvette of quartz with a 1.0 cm path length. The color of the 

solution changed instantly to a deep-yellow color. 5 mg was 

added to the mixture, and the initial yellow color of the 

solution changed to colorless as the reaction proceeded. UV-

Vis spectroscopy was used to follow the progress of the 

reaction. 

3. Results and discussion  

3.1. 1HNMR of the prepared imine ligand 

The prepared imine ligand displayed two singlet signals at 

(9.81 and 10.03 ppm) which referred to the azomethine 

protons. Also, it showed another two singlet signals with 

higher values at (14.36 and 15.12 ppm) for two hydroxyl 

protons [44]. The aromatic protons appeared as multiple 

signals in the range of (6.92-8.69 ppm). The 1HNMR of the 

Schiff base ligand is presented in Fig. 1.  

 

Fig. 1 shows the 1HNMR spectrum of the prepared imine 

ligand. 

 

 

 

3.2. Molar conductivity and magnetic properties of CuL 

These analyses were performed to help in detecting the 

structural geometry of the prepared imine complex. The 

conductivity in DMF at [CuL] = 0.1 × 10-3 M was 11.50 µS, 

and the complex displayed a non-electrolytic nature [45]. 

Moreover, the magnetic properties were detected by evaluating 

the magnetic susceptibility of the prepared Cu(II) Schiff base 

complex and utilizing it in calculating the effective magnetic 

moment according to the following equation: 

µeff =  2.83√𝑋`𝑚 ∗ 𝑇      X`m = Xm - (diamag. Corr.) 

The results demonstrated that the CuL complex has 

paramagnetic properties with a 1.92 B. M value which agrees 

with an octahedral geometry [46]. 

3.3. IR spectra  

The spectra of the prepared ligand exhibited a broad and 

medium band at 3427 cm-1 that is assigned to the 

intramolecular hydrogen bonding the hydroxyl group [47]. The 

1622 cm-1 and 1562 cm-1 correspond to the -C=N (imine and 

pyridine nitrogen) frequencies. On complexation, the imine 

band has a lower shift to 1603 cm-1, suggesting the 

participation of the imine group in the formation of the 

complex [48, 49]. The pyridine nitrogen was still present at the 

same frequency, indicating that it doesn’t coordinate with the 

metal ion. The broad band at 3373 cm-1 in the spectrum of the 

complex is associated with coordinated water [50]. This was 

confirmed by a new and small band at 822 cm-1. The -C-O 

band was found at 1349 cm-1 which shifted to 1316 cm-1 upon 

formation of the complex [51], confirming the presence of the 

phenolic oxygen in coordination with the metal ion. The 

appearance of new bands at 499 and 563 cm-1 corresponds to 

the participation of N and O atoms in Cu(II) ions [52]. The IR 

spectra demonstrated that the ligand bonded to the metal ion 

via two imine nitrogens and two phenolic oxygens. 

3.3. IR spectra 

GO showed frequencies at 2797, 1709, 1612, 1222, and 

1034 cm-1, which were assigned to -CH, C=O, C=C, C-O,  and 

C-O-C bonds, respectively [53]. For FGO spectrum, the bands 

that appeared at 3346 and 1559 cm-1 indicate the presence of 

the (N-H) bond and confirm the successful functionalization of 

GO [54]. Also, two bands at 2867 and 2924 cm-1 indicate the 

presence of aliphatic C-H moieties [55]. Compared to the 

previous, the azomethine linkage has a lower shift in CuMGO 

complex to 1602 cm-1. The (N-H) frequencies were found at 

3333 and 1534 cm-1.  In addition, the observation of a small 

and lower shift occurred to the M-O and M-N which appeared 

at 562 and 497 cm-1, respectively can be retained to the effect 

of loading the complex to the surface of FGO and coordination 

of the complex to the surface of FGO via a propylamine linker. 

The spectra of the prepared compounds are presented in Table 

1. 
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Table 1: IR spectra (cm-1) of L, CuL, FGO, and CuMGO 

compounds.  

   

  

   

 

 

 

 

 

 

 

 

         Fig. 2 IR spectra of the prepared compounds. 

3.4. Molecular electronic spectroscopy 

The UV-Vis scan of the free ligand shows two absorptions 

at 423 and 468 nm. The absorptions are associated with π→ π* 

and n→π* transitions caused by the C=N moiety [56]. The 

corresponding spectrum of the complex possessed some bands 

at 330, 427, and 460 and a broad band at 619 nm. The first two 

transitions were assigned to π→ π* and n→π*, respectively. 

The other bands correspond to the LMCT band and d-d 

transitions. GO exhibited two characteristic bands at 238 and 

284 nm, which referred to π→π* transitions of C=C bonding 

and n→π* for the transitions of the C=O group, respectively 

[57]. After immobilization, CuMGO displayed two bands at 

327 and 350 nm related to π→π* and n→π* transitions. The d-

d transitions were present at 430 and 465 nm. The results 

signify that a blue shift occurred in the case of an immobilized 

complex compared to the CuL Schiff base complex. This 

established that the metal Schiff base complex is strongly 

coordinated with the surface of amine-functionalized GO. The 

molecular electronic spectra are shown in Fig. 3. 

                  

                      Fig. 3 Molecular electronic spectra of a) GO, b)  

                      (L and CuL) and c) GO-APTES-CuL. 

 

 

 

Item L CuL GO FGO CuMGO 

ʋ(OH)/H2O 3427 3373 3376  3464 

ʋ(C=N) 1622 1603   1602 

ʋ(C-O-C)   1222 1191 1250 

C-O (epoxy)   1034 1092 1043 

ʋ(NH)    
3346/ 
1559 

 

3333 / 

1534 

ʋ(Si-O-C)    1006 981 

ʋ(M–O)  563   562 

ʋ(M–N)  499   497 
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3.5. Stoichiometric estimations. 

A continuous variation method was carried out for 

confirming the stoichiometry of the synthesized imine complex 

[58, 59]. As seen in Fig. 4, the results confirmed the complex 

possesses a 1:1 mole ratio of the metal and ligand. 

 

 

 

 

 

 

 

 

 

 

Fig. 4 Continuous variation for CuL complex in DMF at 298 

K. 

 

3.6. Elemental analyses of the prepared ligand and its Cu 

complex 

The obtained imine ligand and complex were elucidated by 

(CHN) analyses. The results were compatible with the 

calculated values as listed in Table 2. 

3.7. SEM and XRD analyses of GO, FGO and CuMGO. 

The morphological features of the prepared catalyst were 

determined by SEM analysis. GO Fig (5.a) revealed a 

crumbled-layered structure with a smooth surface and thin 

layers like waves [60]. The results disclosed the microstructure 

and morphology of CuMGO (Fig. 5b). CuMGO also showed a 

disordered network with crumbling and an increase in the 

protrusion and roughness of the surface. The presented results 

confirmed the successful immobilization process. Fig. 6 

depicts XRD patterns of GO, FGO, and CuMGO. Upon 

oxidation of graphite, a significant decrease was observed in 

the reference (002) peak of graphite at ≈ 26º with a d-spacing 

of 0.34 nm [61]. On the other hand, GO displayed the 

characteristic (001) peak at ≈ 13º with a d-spacing of 0.69 nm. 

The increase in the spacing between graphene oxide layers is 

attributed to the successful exfoliation of graphite and the 

insertion of oxygen-containing functional groups between the 

layers [62]. Moreover, loading APTES on GO decreased the 

intensity of the significant peak at 13º and the emergence of a 

broad peak at 22o. This is assigned to forming an amorphous 

silica layer indicating that GO oxygen-containing groups have 

been functionalized [63]. The characteristic peak of GO was 

shifted from 13 º to 10º, corresponding to an increase of the d-

spacing from 0.69 nm to 0.8 nm, indicating the presence of the 

imine complex on the surface of GO. This also implies that the 

GO structure was not destroyed during preparation [64]. The 

results indicate that CuMGO has an amorphous nature with a 

broad peak at ≈ 25o which is significant for the GO-based 

Schiff base complexes [65, 66]. The presence of small 

diffraction peaks in CuMGO pattern may be attributed to the 

loading of the pure imine complex on GO [67]. 

 

 T
a

b
le

 2
: 

M
ic

ro
 a

n
al

y
ti

ca
l 

an
d
 p

h
y
si

ca
l 

d
at

a 
o
f 

th
e 

S
ch

if
f 

b
as

e 
li

g
an

d
 a

n
d
 C

u
(I

I)
 c

o
m

p
le

x
 . 

 

μ
ef

f 

(B
.M

) 

  

1
.9

2
 

M
o

la
r 

co
n

d
u

ct
a
n

ce
 μ

S
 

  

1
1

.5
0

 

E
le

m
en

ta
l 

a
n

a
ly

si
s 

(C
a

lc
%

) 

F
o

u
n

d
 

N
  

(1
0

.0
6

) 

9
.8

1
 

(1
0

.0
6

) 

9
.8

1
 

H
  

(4
.5

5
) 

  
 4

.3
2
 

(4
.5

5
) 

  
 4

.3
2
 

C
  

(7
7

.6
0

) 

7
7

.2
1
 

(7
7

.6
0

) 

7
7

.2
1
 

  
m

.p
. 

ºC
 

  

2
6

0
 

 

2
6

0
 

C
o

lo
r 

&
 

Y
ie

ld
 (

%
) 

  

Y
el

lo
w

 

(8
7

) 

  

Y
el

lo
w

 

(8
7

) 

 

E
m

p
ir

ic
a

l 
fo

rm
u

la
 

(m
o

le
cu

la
r 

w
ei

g
h

t)
 

 

C
2

7
H

1
9
N

3
O

2
 

(4
1

7
.4

9
) 

C
2

7
H

1
9
N

3
O

2
 

(4
1

7
.4

9
) 

C
o

m
p

o
u

n
d

 

 L
 

C
u

L
 

 

 

https://sjsci.journals.ekb.eg/


 

©2023 Sohag University            sjsci.journals.ekb.eg   Sohag J. Sci. 2023, 8(2), 217-226    222 

Fig. 5 SEM images for a) GO, b) CuMGO. 

Fig. 6 XRD patterns for GO, FGO, and CuMGO. 

3.8. Raman spectra 

Fig.7 shows the Raman spectroscopy of GO, FGO, and 

CuMGO. The results showed two characteristic bands, D and 

G. The G band emerges by the vibrations of sp2 carbon atoms, 

while D is assigned to the vibration of the sp3 carbon atom. GO 

displayed two remarkable peaks at 1350 and 1600 cm-1 for D 

and G bands, respectively with ID/IG ratio of 0.88 [68].  The 

spectrum of FGO and CuMGO showed a lower shift for the D 

band, which appeared at 1345 and 1342 cm-1, respectively. In 

contrast, the G band significantly shifted to 1608 and 1613 cm-

1 for FGO and CuMGO. These findings support the occurrence 

of defects and disorder of the in-plane sp2 domains. The (ID /IG) 

ratio increases to 1.011 for FGO and 1.03 for CuMGO 

compared with GO [69], which signifies that the 

functionalization of the surface of GO with CuL Schiff base 

complex increases the defect site and provides high catalytic 

performance.  

3.9. XPS studies 

XPS analyses were carried out to detect the oxidation state of 

Cu metal and The composition of elements of CuMGO. The 

survey spectrum is shown in Fig. 8a. Four peaks obviously 

appeared at 531.05 eV, 401.09 eV, 284.54 eV, and 104.24 eV 

referring to O, N, C, and Si, respectively [70]. Furthermore, the 

core level of Cu2p (Fig. 8b) revealed the presence of two peaks 

with binding energies of 954.71 eV and 934.43 eV, confirming 

the Cu2+ oxidation state and agreeing well with the literature 

[71]. On the other hand, the Cu2p3/2 satellite peak was 

observed at 943.93 eV, indicating the attachment between the 

ligand and metal ion. XPS spectra of C1s possessed four 

characteristic peaks at 284.61, 286.04, 287.38, and 288.61 eV, 

which imputed to (C-H, C=C, C-C), (C-N, C-O), (C=N, C=O) 

and O-C=O, respectively [72]. The scan of the N1s region 

shows two peaks at 399.19 and 401.30 eV, which correspond 

to -C=N and -C-NH2 nitrogen. FT-IR and XPS studies briefly 

revealed that an immobilized complex had been successfully 

prepared over the surface of amine-functionalized GO. The 

coordination of the imine ligand was stable without 

decomposition during the coordination to the functional group, 

as seen in Scheme 1. 

 

Fig. 7 Raman spectra of GO, FGO and CuMGO. 

 

 

Fig. 8 The XPS spectra of CuMGO material for (a) full scan, 

(b) Core level, (c) C 1s and N 1s. 
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 Scheme 1: The proposed structure for the prepared CuMGO 

catalyst. 

3.10. Catalytic reduction of 4-NP. 

The activity of the CuMGO catalyst in the reduction of 4-

NP was investigated with the addition of an excess of 

NH2NH2.H2O. The reduction reaction was measured by UV-

Vis spectra to follow the absorption decrease at λ= 400 nm, 

representing the absorption of the nitrophenolate ion. The UV-

Vis spectrum of (0.1 mM) aqueous solution of 4-NP (Fig. 9a) 

displayed a maximum absorption peak at 316 nm. A red shift 

was observed upon adding NH2NH2.H2O. The shift was 

accompanied by a significant change in the solution's color 

from faint yellow to deep yellow with a maximum absorption 

of 400 nm (Fig. 9b), indicating the formulation of a 4-

nitrophenolate (4-NP-) [73]. In the absence of the catalyst, 

there is no observable change in color, suggesting that 

NH2NH2.H2O cannot reduce 4-NP- ions by itself. The results 

implied that the CuMGO catalyst was the only one that 

converted 4-NP to 4-AP, while the GO and CuL complexes 

had no activity. (Fig. 9c and Fig. 9d). 

The absorption of 4-NP- was gradually reduced after 

adding a CuMGO catalyst (5 mg), whereas the intensity of a 

new absorption at 310 nm gradually increased [74, 75], 

indicating the formation of 4-AP. 4-NP was completely 

reduced in 130 minutes. The observation of the isosbestic point 

confirms that the conversion of 4-NP gives only one product, 

4-AP [76, 77]. The catalytic performance was investigated in 

the presence of an excess of NH2NH2.H2O. As a result, the 

concentration of NH2NH2.H2O was assumed to be constant 

throughout the reaction, and the rate constant (Kapp) of the 

reaction was determined solely by the concentration of 4-NP. 

So, the results assumed that the first approximation is to fit the 

obtained data with the pseudo-first-order kinetics [78, 79].  The 

rate of reaction is calculated from the approximately linear 

fitting according to the following equation: 

-kapp t= ln (Ct/C0) = ln (At/A0) 

 

Where Ct and At represent the concentration and absorption of 

4-NP at time (t) while C0 and A0 represent the concentration 

and absorption of 4-NP at the initial time of the reaction [80]. 

The slope of the relationship between ln (At /A0) and the 

reaction time (t) was used to calculate the rate constant (kapp) as 

displayed in Fig. 11a. According to the fitted line, the rate 

constant was found to be 2.06 × 10-3 min-1 for 5 mg of catalyst. 

The concentration of 4-NP is proportional to the absorbance 

and (At/A0) must equal (Ct/C0) of 4-NP. The plot of (At/A0) 

versus reaction time is shown in Fig. 11b. The obtained results 

for this relation were similar to the literature [81]. 

Fig. 9 UV-visible spectra in presence of (a) 4-NP (0.1 mM), 

(b) N2H4.H2O (10 mM), (c) GO, and (d) CuL Schiff base  

complex at R.T. 

 

 

 

 

 

 

 

 

 

Fig. 10 UV-Vis scan of the reduction of 4-NP (0.1 mM) in 

presence of NH2NH2.H2O (10 mM) and 5 mg of CuMGO 

catalyst. 
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The reaction's mechanism depends on the prepared 

catalyst's abilitydepends on the prepared catalyst's ability to 

provide an active surface for the reduction process to take 

place. The presence of hydrazine hydrate as a reaction 

component facilitates the formation of 4-NP- ion as an 

intermediate. Thus, it increases the alkalinity which promotes 

the reduction process. Upon the cata’yst's addition, hydrazine 

hydrate and 4-NP were adsorbed on its surface and catalytic 

reduction was initiated immediately by transferring the hydride 

from the hydrazine hydrate donor to the acceptor 4-NP. 

Finally, with the elimination of a molecule of H2O, 4-AP 

departed the catalyst’s surface [82].  The recyclability of the 

prepared catalyst was carried out five times by washing it 

multiple times with deionized water and reusing it for another 

cycle under the optimum conditions. The results revealed that 

the as-prepared catalyst could boost converting 4-NP to 4-AP 

five successive times with no discernible change in catalytic 

behavior Fig. 12.  

The catalyst after recycling was investigated by FT-IR 

spectra and XRD analyses. The fresh catalyst and recycled one 

were identical in FT-IR, confirming that no significant changes 

occurred in the catalyst (Fig. 13a). Furthermore, comparing the 

XRD information of the fresh and recycled catalyst (Fig. 13b) 

shows that the XRD pattern of the recycled catalyst was kept 

during the recycling test. To investigate the advantages of the 

catalytic competence of the synthesized catalyst, the results of 

reducing 4-NP with different supported heterogeneous 

catalysts were listed in Table 3. As shown, the prepared 

catalyst showed good results with respect to others. The most 

advantages are the cheap and easy synthesis, using it at room 

temperature, and the short time compared to other catalysts 

under mild conditions. 

        Fig. 11 The relation between (a) ln(At/A0) and time and  

        (b) At/A0 vs time for the reduction of 4-NP to 4-AP over 5  

        mg CuMGO catalyst. 

4. Conclusion 

In summary, a new Cu(II) imine complex was successfully 

characterized and supported on the surface of functionalized 

GO. Several physicochemical, spectroscopic, and analytical 

tools were utilized for determining the structure of the 

synthesized catalyst including IR, UV-Vis, XRD, SEM, Raman 

spectroscopy, and XPS. The activity of the prepared catalyst 

(CuMGO) was tested by reducing 4-NP in an aqueous medium 

in the presence of hydrazine hydrate at room temperature. It 

has shown a good performance (44.4%) when compared with 

CuL Schiff base complex, which gives zero activity. 5 mg of 

the prepared catalyst, has the ability to effectively reduce 4-NP 

and the reduction process was completed at 130 min with a 

reaction rate of 2.06 × 10-3 min-1. Moreover, the prepared 

catalyst was easily separated and recycled for multiple 

sequential runs. Based on the results, the synthesized catalyst 

offers satisfactory advantages such as ease of recovery 

and reuse, simple synthesis method, moderate conditions, low 

temperature, environmentally friendly solvents, and no use of 

toxic substances. 

Fig. 12 Recycling experiments with CuMGO for reduction of 

4-NP. Optimum reaction conditions: 5 mg CuMGO; 4-NP (0.1 

mM); NH2NH2.H2O (10 mM); at room temperature; reaction 

time for run 130 min. 

 

 

          Fig. 13 Analyses of CuMGO and recycled CuMGO  

          catalyst a) FT-IR spectra and b) XRD pattern. 

 

     

 

 

https://sjsci.journals.ekb.eg/


 

©2023 Sohag University            sjsci.journals.ekb.eg   Sohag J. Sci. 2023, 8(2), 217-226    225 

 Table 3: Comparison of the obtained results with those of a  

     variety of supported catalysts for the reduction of 4-NP. 

 
Catalyst name Reduci

ng 

agent 

Time 

(min) 

Temperature 

(oC ) 

Ref 

p(AMPS)-Ni 

composite 

NaBH4 330  Room 

temperature 

[83] 

GA-Pt NPs NaBH4 480 Room 

temperature 
[84] 

Ru(II) complex/ZnO NaBH4 1440 Room 

temperature 
[85] 

ZIS/rGO NaBH4 180 Room 

temperature 
[86] 

Co/Al2O3 NaBH4 180 Room 

temperature 
[87] 

hollow Pd 

nanocomposite 

Hydraz

ine 

150 80 [88] 

RGO/Ni NaBH4 140 Room 

temperature 
[89] 

CuMGO Hydraz

ine 

130  Room 
temperature 

This 

work 
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