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Abstract
The use of metal immobilized/decorated nanocomposites as catalyst were usually used in environmental pollution remedia-
tion and protection, industrial production, and biomedical applications. Finding a new and efficient method for the green 
synthesis of metal nanoparticles immobilized over porous material is of great interest. Synthesis of more stable and outstand-
ing Cu@ZnO and Ag@ZnO nanocomposite for nitro aromatic compound reduction were reported in this work. The metal 
nanoparticles and nanocomposite was characterized using UV–Vis spectrum, XRD, Raman spectra, TEM, SAED, EDS, 
and FTIR techniques. The immobilized Cu and Ag nanoparticles are with an average size of 18 and 12 nm on ZnO surface 
respectively. Comparatively, the Cu/ZnO and Ag/ZnO nanocomposite acted as an efficient heterostructure catalyst in the 
reduction of p-nitrophenol to p-aminophenol than pure Cu and Ag nanoparticles with more stability up to six cycles. The 
characterization results inferred the synergic effect between metal and porous material played important role in its activity 
and stability of Cu@ZnO and Ag@ZnO nanocomposite more than pure Cu and Ag nanoparticles. It is proposed that Cu and 
Ag immobilized ZnO applicable in various catalytic activities were achieved.
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1 Introduction

The fascination of nanomaterials emanated from the inherent 
properties, they evinced the significant difference as of their 
bulk counterparts [1, 2]. The metal nanoparticles are gain-
ing more attention due to their surface plasmonic properties 
that shown promise application in catalysis, sensing, pho-
tocatalysis, biomedical, and drug delivery [3–6]. Metallic 
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nanoparticles efficiency depended on its size, morphology, 
crystalline nature, and composition. Developments in the 
designing and synthesis of nanomaterials with control size 
at atomic level might be offering enhanced opportunities 
as heterogeneous nanocatalyst [7]. The catalytic activity of 
individual nanoparticles is limited due to their leaching and 
its aggregation [8]. The heterogeneous catalytic efficiency of 
nanomaterials either in isolated form or as nanocomposite in 
various applications was studied [7]. Combination of more 
than one nanomaterials have exhibited greater applications, 
due to the coupling between isolated nanomaterial proper-
ties [9].

Nowadays, different combination nanomaterials such as 
 Co2P/ZnO@PC/CNTs as bimetal nanomaterials, Pd@Pt/
rGO, Ni doped Ag@C as core shell nanomaterials, Cu and 
silver/polymer as polymer nanocomposite and metal/porous 
oxide these might be used by coating/surface modification 
nanocomposites attracting more for its activity and stability 
to make them reconcilable for chosen applications [10–14]. 
These nanocomposites not only attained enhanced activity 
but also stable at high temperature and pressure [15]. Among 
the vast possibilities, synthesis and application of metal/
metal oxide nanocomposite have been gaining significant 
attention and contributing itself an immense of advanced 
nanomaterials chemistry [12]. For immobilization of metal 
nanoparticles, oxides such as ZnO,  TiO2, MgO, GO, and 
 FeSO4 acts an excellent support [16–20].

The semiconductor ZnO is an inorganic compound and it 
has numerous favorable properties such as wide band gap, 
high electron transport, and good transparency and has been 
widely used in various fields [21]. It was used as a porous 
support material for metal nanocatalyst, due to its chemical 
and thermal stability [22]. Immobilization of less expen-
sive metal nanoparticles such as Ag, Cu and Ni, on support 
material ZnO surface to improve the catalytic activity due 
to the unexpected interplay of lattice and electron effects 
in adjacent metals [23]. However, the manuscript obtained 
an advantage of synthesis of Ag and Cu NPs using plant 
extract and immobilized over the surface of zinc oxide 
(ZnO). Therefore, green synthesis of nanocomposite was 
gaining much attention in recent years, due to its ease, com-
patibility, low cost, safe, and sustainable with biomedical, 
environmental, sensing, drug delivery and drug manufactur-
ing applications is the advantages of green synthesis over 
other synthesis methods.

Aglaia elaeagnoidea (A. Juss) (syn. A. roxburghiana) is 
an every green tree belongs to the Meliaceae family and 
distributed in the tropical forests of Asia and usually found 
in coast regions [24]. The plant was used in the treatment 
of antidiarrhoeal, anti-inflammatory, and also used to treat 
tumors and skin diseases [25]. Aglaia elaeagnoidea bark 
aqueous extract shown the presence of high amount of 
phenolic compounds and other phytochemicals and also 

exhibited high antioxidant activity [26]. Herein, we success-
fully synthesized Ag and Cu nanoparticles and immobilized 
over ZnO surface as nanocomposite using A. elaeagnoidea 
bark extract, a greener method. We have compared, the 
efficacy of homogenous, pure and immobilized heterogene-
ous activity of Ag and Cu nanoparticles on the reduction 
of p-nitrophenol (p-NP) to p-Aminophenol (p-AP) at room 
temperature.

2  Materials and Methods

2.1  Materials

Zinc Oxide (ZnO, Commercial grade) with specific sur-
face of 17.2 m2/g was selected as support material, metal 
precursors like copper nitrate (Cu(NO3)2⋅3H2O), and silver 
nitrate  (AgNO3), and p-NP were purchased from Himedia 
Laboratories Ltd. India. Methyl orange, rhodomine blue, and 
sodium borohydride were purchased from Sigma-Aldrich.

2.2  Preparation of Extract

Aglaia elaeagnoidea bark was collected and shade dried for 
seven days, grind into fine powder. Take 250 ml conical flask 
with 10 g of bark material and 130 ml of deionised water 
were added and then, refluxed for 10 min on a magnetic stir-
rer. The bark extract was centrifuged for 10 min to remove 
plant debris at 6000 rpm and filtered through Whatman filter 
paper.

2.3  Green Synthesis of Cu and Ag Nanoparticles

For the preparation of Cu and Ag nanoparticles, 10 ml of 
A. elaeagnoidea aqueous bark was added to 90 ml of 1 mM 
Cu and Ag precursor solution at the room temperature. The 
immediate color change was observed, that indicates the 
synthesis of Cu and Ag NPs.

2.4  Immobilization of Green Synthesized of Cu@
ZnO and Ag@ZnO

The metal support ZnO was prepared by dispersing of 1 g 
of ZnO in 100 ml of Cu NPs were sonicated for 30 min for 
uniform dispersion. The same procedure was followed for 
the Ag/ZnO nanocomposite. For moisture evaporation from 
both metal nanocomposite mixtures, shifted to a hot air oven 
for 6 h at 140 °C and organic matter was removed by calcina-
tion at 400 °C. The final loading of the metal nanoparticles 
on ZnO surface is about 7.1 and 9.9 mg respectively for 
Cu and Ag NPs, which was analyzed through ICP-AES by 
digesting the samples in the acid.
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2.5  Characterization Methods

The prepared metal nanoparticles/nanocomposites were con-
firmed using following analysis, UV–Vis–NIR Spectropho-
tometer (Make: Varian Model: 5000) for optical properties 
change. X-ray diffraction (XRD, Philips PW 3710/3020) 
measurements for crystalline nature of Cu and Ag NPs, 
Cu@ZnO and Ag@ZnO nanocomposite. The stretching 
vibration of prepared nanocomposite were determined by 
Raman spectrometer. Morphology of Cu and Ag NPs, Cu@
ZnO and Ag@ZnO nanocomposite was confirmed by trans-
mission electron microscopy (TEM, JEOL; model 2010). 
Energy Dispersive X-ray Spectroscopy (EDAX, S3700N) 
were performed for the chemical composition of synthesized 
nanocomposites. The role of phytochemicals of extract in the 
synthesis of metal nanoparticles was confirmed by Fourier 
transform infrared (FTIR, Nicolet; model 6700) spectropho-
tometer of the range of 400–4000 cm−1. The leaching of 
metal content after catalytic activity in nanocomposite was 
evaluated by an Inductively Coupled Plasma-Atomic Emis-
sion Spectrometer (ICPAES, Model: Jobin Yvon Horiba).

2.6  Catalytic Performance

2.6.1  Homogenous Activity of Cu and Ag NPs

The catalytic performance of green synthesized of Cu and 
Ag NPs were tested, 100 µl of a liquid solution of nanopar-
ticles has taken as an optimum concentration. And 1 ml of 
 10−3 M p-NP were added to 1 ml of  10−2 M sodium boro-
hydride  (NaBH4) solution as reducing agent, then 100 µl of 
metal catalyst were added and the reaction was monitored 
using UV–Vis spec.

2.6.2  Heterogeneous Activity of Pure Cu and Ag NPs

For the catalytic efficiency of Cu and Ag NPs, an equal pro-
portion (1 ml) of  10−3 M p-NP, with  10−2 M  NaBH4 in the 
presence of 5 mg of prepared nanomaterials was evaluated 
as a model reaction. In the end of the catalytic reaction, 
nanomaterials were recovered by centrifugation and reused.

2.6.3  Heterogeneous Activity of Cu@ZnO and Ag@ZnO 
Nanocomposite

Reduction of p-NP was investigated in 2 ml micro centrifuge 
tube in the presence of Cu@ZnO and Ag@ZnO nanocom-
posite with  NaBH4 at room temperature. The liquid phase 
of 1 ml of  10−3 M p-NP was mixed with  10−2  NaBH4. To 
the mixture, 4 mg of Cu/ZnO nanocomposite was added. 
The catalytic efficacy of Ag/ZnO nanocomposite was tested 
using the same procedure. The nanocomposite was separated 
using centrifugation for next successive cycles.

3  Results and Discussion

3.1  Characterization of Cu and Ag NPs on ZnO

3.1.1  Optical Properties

The reduction of copper and silver metal precursors to Cu 
and Ag NPs in aqueous solution were confirmed by UV–Vis 
spectra, the immediate color change of mixture after addi-
tion of bark extract was observed. Due to the surface plas-
mon vibrations (SPR), the color of the mixture was changed 
from light brownish to brick red for Cu NPs (Fig. 1) and dark 
brownish for Ag NPs (Fig. 1). The UV–Vis–NIR spectro-
photometer optical absorbance of immobilization of Cu and 
Ag NPs on a surface of ZnO were investigated. As noticed 
in Fig. 2 absorption peak of pure ZnO at 365 nm attributed 
to the excitonic absorption of ZnO [27]. For Cu/ZnO nano-
composite the intensity of absorption peak is lower in the 
ultraviolet region. But it is slightly shift and broaded in the 
visible region for both Cu@ZnO and Ag@ZnO nanocom-
posite while compared to the ZnO [28, 29]. The interfacial 
coupling among Ag NPs and ZnO might be a reason for the 
shift of plasmon absorption of Ag@ZnO. The metal nano-
particles SPR was depends on metal an electron density [10]. 
The absorption peak of green synthesized Cu and Ag NPs 
are quite stable even for 3 months that might be due to vari-
ous phytochemicals of bark extract.

3.1.2  Structural Properties

The crystallographic and phase structure of green synthe-
sized Cu and Ag NPs immobilized on ZnO were compared 

Fig. 1  UV–Visible spectra of liquid Ag, Cu and Ag–Cu alloy nano-
particles
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with pure ZnO using XRD analysis (Fig. 3). The Cu and 
Ag NPs support on ZnO nanocomposite exhibited exactly 
same series of characteristic peaks as that of wurtzite hex-
agonal phase peaks of pure ZnO i.e., 31.78°, 34.42°, 36.28°, 
47.56°, 56.62°, 62.86°, 67.96° and 69.10° (JCPDS card no. 
089-0511). There is no significant difference were observed 
between Cu@ZnO, Ag@ZnO and ZnO diffraction patterns 
which might be due to very low concentration of metal nan-
oparticles immobilized over ZnO and deposition of metal 
atoms near the surface of ZnO [16, 30].

The Raman spectra for pure ZnO and Cu and Ag immobi-
lized nanocomposites are shown in Fig. 4 with backscatter-
ing ranging from 200 to 1000 cm. The centre optical phonon 
of wurtzite hexagonal type ZnO belongs to the  C6v space 
group i.e.,  A1 + 2B1 + E1(x, y) + 2E2 [31]. The polar modes 
 A1 and  E1 are split into two frequencies such as transverse 
optical (TO) and longitudinal optical (LO) phonon com-
ponent modes. The  B1 phonon modes are Raman silent or 

inactive whereas The  E2 modes are Raman active non-polar 
with two frequencies [32]. In  E2(high) only oxygen atoms 
are associated and it is characteristic feature of wurtzite 
phase, and the  E2(low) mode in ZnO related with Zn sub-
lattice [31]. The peak at 437 cm−1 of pure ZnO correspond to 
 E2(high) and other peaks around 330 cm−1 might be attrib-
uted to  E2(high)–E2(low) modes due to multi-phonon devel-
opment. The Raman peak at 383 cm−1 assigned to  A1 (TO) 
[33]. Both  E2(high) and  E2(low) modes are observed in Cu/
ZnO while in Ag/ZnO only  E2(low) mode is present. The 
Raman band intensity of modes are reduced in both Cu and 
Ag immobilized ZnO and slightly red-shift in  E2(high) and 
 E2(low) modes also observed. The results indicate red-shift 
in  E2(high) and  E2(low) modes leads to change in the struc-
ture of ZnO by incorporation of Cu and Ag nanoparticles 
into the lattice sites of  Zn2+ [34].

3.1.3  Morphological Properties

The morphological properties of Cu and Ag nanoparticles 
immobilized over ZnO were investigated by TEM. The green 
synthesized Cu NPs on ZnO surface are spherical in shape 
with an average size of 18 nm (Fig. 5a, b). Ag NPs anchored 
on ZnO are spherical with 12 nm (Fig. 6a, b). The crystal-
line nature of Cu and Ag NPs on ZnO were shown in SAED 
patterns (Figs. 5c, 6c). Figure 7a, b depicts the EDS, which 
reveals the presence of metal in nanocomposite, that indicat-
ing the reduction of elemental silver and copper ions into 
nanoparticles.

3.1.4  FTIR Analysis

Figure  8 shown FTIR measurements of the aqueous 
extract and Cu and Ag NPs and it confirms the phyto-
chemicals of A. elaeagnoidea bark plays a crucial role in 

Fig. 2  UV–Visible spectra of Ag/ZnO and Cu/ZnO nanocomposite

Fig. 3  XRD pattern of ZnO, Ag/ZnO, and Cu/ZnO nanocomposite

Fig. 4  Raman spectra of ZnO, Ag/ZnO, and Cu/ZnO nanocomposite
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Fig. 5  TEM image of Cu/ZnO (a), b red circle focused on Cu NPs and c SADE of Cu/ZnO nanocomposite

Fig. 6  TEM image of Ag/ZnO (a), b red circle focused on Ag NPs and c SADE of Ag/ZnO nanocomposite

Fig. 7  EDS image of a Cu/ZnO and b Ag/ZnO nanocomposite
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the production of Cu and Ag NPs. The intensity band in 
the IR spectra of the extract comprises of notable peaks 
at 3279, 2993, 1643, and 763 respectively corresponds 
to alcoholic/phenolic O–H stretch, alkane C–H stretch-
ing, the primary and secondary amines along with amide 
linkage of proteins/enzymes and aromatic C–H bending 
[35, 36]. All the peaks of extract are shifted and reduced 
in the synthesis of Cu and the peaks are weakening in Ag 
NPs. The presence of phytochemicals such as phenolic 
compounds, proteins, alkaloids, and other phytochemicals 
are responsible for the reduction and capping agent.

3.2  Catalytic Activity of Nanocomposite

p-NP are used as intermediate for the production p-AP (4-ami-
nophenol). Synthesis of p-AP is commercially important, due 
to its demand as intermediate in the drug manufacturing indus-
try, especially in antipyretic and analgesic and also used in dye 
industries, enormously as a photo film developer, and anticor-
rosion-lubricant etc. [37]. Synthesis of p-AP by conventional 
methods through stoichiometric quantities of iron/hydrochloric 
acid as reducing reagents were with some limitations [38]. 
Hence, nanotechnology established as new alternative method 
in eco-friendly manner.

3.2.1  Homogenous Catalytic Activity of Cu and Ag NPs

The homogenous catalytic activity of green synthesized Cu 
and AgNPs (100 µl/ml) for reduction of p-NP in the presence 
of  NaBH4 in equal proportion has been investigated. All the 
sites of the catalyst are actively accessible for the reactants and 
exhibited great catalytic activity [39]. Addition of  NaBH4 as 
reducing agent to the p-NP, a shift of peak from 317 to 400 nm 
was observed which was due to the formation of phenolate ion 
[40]. When the Cu and Ag NPs (100 µl/ml) were added to the 
solution, change in solution color from pale yellow to color-
less were observed with formation of a new absorption peak 
at 300 nm indicate reduction of p-NP to p-AP (Figs. 9a, 10a) 
[41]. The surface of the catalyst (Cu and Ag NPs) serves as an 
electron transfer among oxidizing and reducing agent (p-NP 
and  NaBH4). The reactants concentration remained constant, 
the rate constant for the p-NP reduction were demonstrated 
using pseudo-first-order kinetics [37].

(1)−In(Ct∕C0) = In(At∕A0) = kt

Fig. 8  FTIR spectra of A. elaeagnoidea bark extract, Cu and Ag NPs

Fig. 9  UV–Vis spectra of homogeneous reduction of 4-NP a before and after addtion of  NaBH4 and Cu NPs liquid and b rate constant
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where k is the rate constant at the given time and t is the 
reaction time.  C0 and  Ct concentrations of p-NP at initial and 
at time t respectively. The linear correlation among In(Ct/
C0) and the reaction time for p-NP reduction was shown 
in Figs. 9b, and 10b and the rate constant for CuNPs and 
AgNPs was calculated as 0.6978 and 0.3482 min−1 respec-
tively [42].

3.2.2  Heterogeneous Catalytic Activity of Cu and Ag NPs

Reuse and recyclability is major drawbacks in homog-
enous catalytic activity. In heterogeneous method, cata-
lytic reaction between different phases i.e., solid metal 

nanoparticles and liquid phase dye solutions were used to 
overcome this drawbacks [43]. The catalytic efficacy of Cu 
and Ag NPs were proven through the reduction of  10−3 M 
p-NP, in the presence of reducing agent were decisively 
demonstrated using a UV–Vis spectra (Fig. 11a, b). The 
red shift in the absorption peak of p-nitrophenolate ion at 
316–300 nm with very short time, indicate p-NP reduc-
tion. The catalytic reaction of Cu and Ag NPs for reduction 
of p-NP was completed in few seconds (45 and 72 s), the 
UV–Vis spectra was declined.

Fig. 10  UV–Vis spectra of homogeneous reduction of 4-NP a after addition of  NaBH4 and Ag NPs liquid and b rate constant

Fig. 11  UV–Vis spectra of heterogeneous reduction of 4-NP a pure Cu NPs and b pure Ag NPs
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3.2.3  Heterogeneous Activity of Cu/ZnO and Ag/ZnO 
Nanocomposite

In heterogeneous catalytic activity of pure Cu and Ag NPs, 
leaching of metal nanoparticles in the reaction phase, that 
might be leads to lower reusability and recyclability [42]. 
Figure 12a, b shows the catalytic activity of Cu/ZnO and 
Ag/ZnO nanocomposite for the formation p-AP. After add-
ing of nanocomposite to the p-NP and  NaBH4 mixture, 
instant color change was observed and the peak intensity was 
decreased with simultaneous raise of new peak at 295 nm 
within few seconds, corresponds to p-AP. In control, the 
reduction of p-NP by  NaBH4 reaction not completed up 
to 24 h without catalyst due to large kinetic barrier among 
4-NP and  NaBH4 [44]. Therefore, the superior catalytic 
efficiency of Cu@ZnO and Ag@ZnO nanocomposite were 
attained. Cu@ZnO nanocomposite exhibited enhanced cata-
lytic efficiency than Ag/ZnO nanocomposite. The catalytic 
reaction completed in very short time so the UV–Vis absorp-
tion spectra declined.

Scheme 1 depicts the possible mechanism for the reduc-
tion of 4-NP in the presence of  NaBH4 using green syn-
thesized nanocomposite. Initially, on the surface of the 
catalyst,  BH4

−  [BH4
− → BH3(OH)−] suggested that break-

age in B–H bond and O–H bond, finally the reaction H–H 
bond formation. The 4-nitrophenolate on the surface of the 
catalyst accept the electron from  BH4

−. Transfer of elec-
tron was mainly depend on the adsorption and desorption of 
the synthesized catalyst surface. In the reduction of 4-NP, 
adsorption of the 4-nitrophenolate ions on the surface of 
nanocomposite (Ag/ZnO, Cu/ZnO and Ag-Cu/ZnO) and 
convert to 4-AP due to the interfacial electron transfer and 
leaves the surface of the nanocomposite to carry on a next 
catalytic cycle [45].

3.2.4  Stability and Recyclability

The nanocomposite stability were evaluated by its reuse 
and recyclability experiments of CuNPs, Ag NPs, Cu@
ZnO, and Ag@ZnO nanocomposite. The nanoparticles 
and nanocomposite of Cu and Ag were recovered by sim-
ple centrifugation after completion of the each catalytic 
reaction and reused in the next cycles. We conducted our 
experiment up to six cycles for both nanoparticles and 
nanocomposite. In heterogeneous catalytic activity of Cu 
and Ag NPs exhibited the conversion efficiency about 70% 
(Fig. 13a, b) and Cu/ZnO, and Ag/ZnO nanocomposite 
showed more 90% efficiency up to sixth cycle (Fig. 14a, 
b). The leaching of Cu and Ag NPs after completion of 
reaction were obtained by ICP-AES and it exhibited that 
16 and 19% loss whereas lixiviating of metal content from 
the nanocomposite is about 7% loss in the Cu and nearly 
9% loss in the Ag metals. The slight loss of catalyst might 
be during centrifugation and handling.

Fig. 12  UV–Vis spectra of heterogeneous reduction of 4-NP a Cu/ZnO and b Ag/ZnO nanocomposite

Scheme  1  Plausible mechanism of metal NPs ZnO nanocomposite 
on 4 NP reduction
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4  Conclusion

The Cu, and Ag NPs and Cu@ZnO and Ag@ZnO nano-
composite were synthesized using aqueous bark extract of 
A. elaeagnoideaand characterized using UV–Vis Spectra, 
XRD, Raman spectra, TEM, SAED, EDAX, and FTIR. 
The Characterization reveals the formation of Cu and Ag 
nanoparticles with an average size 18 and 12 nm, immo-
bilized over surface of ZnO. The synergetic effect between 
metal and porous material exhibited enhanced catalytic 
and recyclable activity than pure Cu and Ag NPs in both 
liquid and solid phase. As compared to Ag/ZnO, Cu/ZnO 
has exhibited eminently high heterogeneous catalytic 
activity in the reduction of p-NP. Finally, immobilization 
of metal nanoparticles over surface of porous material 
exhibited more stability and activity by easily dispersion 

of catalyst in reaction solutions. Ata same time reuse of 
the nanocatalyst by simple centrifugation, without sig-
nificant loss activity. A facile, and cost effective route for 
synthesis of environmentally benign highly active catalyst.
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