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Abstract
Generation of value-added materials fromwaste product is in high demand for sustainable chemistry. In order to reduce the use of
toxic chemicals in the synthesis of metal nanoparticles, alternative green methods are in demand. Herein, we report the synthesis
of copper oxide nanoparticles from plant extract of Colocasia esculenta leaves which is thrown as waste after cultivation. The
synthesized nanoparticle was characterized using UV, FT-IR, EDX, TEM, AAS, DLS, and XPS. The synthesized nanoparticles
were used as heterogenous catalyst for carrying out the click reaction of azide and alkyne. The catalyst showed good catalytic
activity for the synthesis of various 1,2,3-triazoles with very low catalyst loading (0.535 mol% of copper) giving excellent yield
of various triazoles. The catalyst could be easily separated from the reaction medium and recycled several times without losing
much catalytic activity. The catalyst showed good TON (177.6) and TOF (29.6 h−1) for the optimized reaction. Thus, the method
has several advantages such as synthesis of the nanoparticle from cheap sources (plant extract of waste Colocasia esculenta
leaves), use of the water as environmentally benign solvent for carrying out the click reaction, one-pot reaction, low catalyst
loading, recyclability of catalyst, and high yield of 1,2,3-triazole products.
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1 Introduction

Nanotechnology has seen great advancement in modern sci-
ence due to its multi-faceted applications in material science,
catalysis, medicine, drug delivery, as sensors, etc. Over the
years, numerous nanoparticles of metals and its derivates in
the form of oxides, hydroxides, sulfides, phosphates, fluo-
rides, and chlorides are synthesized and found application in
many fields [1–14]. The nonomaterials can be synthesized

using various chemical, physical, and biological methods. In
order to reduce the use of toxic chemicals in the synthesis of
metal nanoparticles, alternative green methods are explored
and getting attention. Over the last few years, different types
of microorganisms including fungi, yeast, bacteria, actinomy-
cetes, and viruses and various biomolecules such as amino
acids, and polysaccharides have been explored for synthesis
of metal nanoparticles [15–24]. However, developing green
synthesis of the nanoparticles using plant extract is necessary
as such methods are simple, non-hazardous, environmentally
friendly, cost-effective, and sustainable [25–31]. In literature,
various plants are used to synthesize different nanoparticles
which are used in different fields [32–39]. The copper nano-
particles (CuNPs) are significantly gaining the interest of re-
searchers and have been explored as a new class of heteroge-
neous catalyst in various chemical transformations. For exam-
ple, Goswami et al. successfully used copper nanoparticles
supported over nanocellulose as effective catalyst in the C–
N coupling reactions involving open chain as well as cyclic
secondary amines and electron deficient vinylic compounds
[40]. Choudhary et al. used chromium(III)-doped layered
double-hydroxide supported copper nanoparticles for the ox-
idation of alcohols and hydrocarbons [41]. Shen et al. showed
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a new strategy of controlling catalytic activity and selectivity
of Cu nanoparticles for the ammonia borane-initiated hydro-
genation reaction. CuNPs are active and selective for
chemoselective reduction of nitrostyrene to vinylaniline under
ambient conditions [42]. Pei et al. showed porous carbon-
supported copper nanoparticles as an efficient catalyst for
the dimethyl carbonate synthesis [43]. Diacon et al. success-
fully demonstrated supported CuO nanoparticles catalyst for
controlled radical polymerization reaction and block-
copolymer synthesis [44]. The low cost and high efficiency
associated with the Cu NPs make them promising candidate in
organic synthesis [45, 46].

1,2,3-Triazoles are important class of organic compounds
and possesses several biological activities [47–57]. Apart
from their biological activity, triazole compounds find appli-
cation in the polymer and material science [58–67]. Due to the
enormous use of triazole compounds, development of meth-
odology for the synthesis of this moiety is of significant im-
portance. The thermal 1,3-dipolar cycloaddition of azide and
alkyne developed by Huisgen [68] was used for synthesis of
1,2,3-triazole. Later, Wang et al. [69] and Chouaib et al. [70]
reported that use of copper salts as catalysts allowing the
product formation in milder reaction condition, better yield,
exclusive regioselectivity (1,4-disubstituted triazole), and hav-
ing broad substrate scope. Nowadays, the synthesis of 1,2,3-
triazoles by using heterogeneous catalyst is getting more at-
tention [71, 72]. Nasrollahzadeh et al. reported that the
biosynthesized CuNPs using plant extract is highly active
for the Huisgen [3 + 2] cycloaddition of azides and alkynes
at room temperature giving high yield of products [73].
Recently, the same research group reported excellent activity
of CuNPs for 1,3-diploar cycloaddition using Et3N as base at
room temperature [74].

The heterogeneous catalysts have several advantages over
homogenous catalysts since in the former case, lower catalyst
loading is required, recyclability of catalyst, simple operation,
and easier separation. Use of plant extract for the synthesis of
the heterogeneous catalyst makes the process more attractive
from the green chemistry perspective. Our group is actively
involved in the synthesis of different heterogeneous catalyst
systems and using them in carrying out important organic
reactions [75–78].

In this work, we have reported the synthesis of copper
oxide nanoparticles (CuONPs) using plant extract of
Colocasia esculenta leaves which is abundantly available in
North-East India for the first time. The leaves were thrown as
waste after cultivation. We have further demonstrated the use
of the synthesized CuONPs as catalyst for the synthesis of
1,2,3-triazoles using one-pot multi-component reaction of or-
ganic halide, sodium azide, and alkynes in water as solvent.
Multi-component reactions are those reactions in which three
or more reagents react together in a single step to give the
product. They are more advantageous than conventional

reactions as they require less number of steps, reduced purifi-
cation steps, energy efficient, and require shorter time
[79–84].

2 Materials and Methods

2.1 Plant Sample Preparation

Colocasia esculenta leaves were collected from Kokrajhar,
Assam, India. The leaves were dried at 50 °C for 3 h and then
followed by grinding using mortar pestle to make powder
form.

2.2 Synthesis of Nanoparticles

The biosynthesis of the CuONPs is described using the sche-
matic diagram. (Fig. 1). The different phytochemicals present
in the plants are believed to help act as capping agent in sta-
bilizing the nanoparticle. For the synthesis of CuONPs, 5-gm
powder of Colocasia esculenta leaves was added to 100 mL
hot water (Milli Q water) at 70 °C and after 30 min, filtration
was done. The 5 mL aqueous extract was added in 45 mL of
1 mMCu(NO3)2.3H2O solution at 50 °C, and the process was
continued under magnetic stirring for 2 h. The mixture was
then centrifuged to separate larger particles and prevent ag-
glomeration. After Uv-vis spectrophotometric analysis, the
sample was freeze dried. The solid was washed three times
with cold water and dried under vacuum to obtain 120 mg of
the product which was used for further analysis [85]. The
amount of copper in the catalyst was calculated with the help
of atomic absorption spectroscopy (AANALYST 700, Perkin
Elmer) which is found to be 2.26 wt%.

2.3 Characterization

The UV-Vis spectra of the samples were analyzed using spec-
trophotometer (Lamda-35, PerkinElmer, USA) to confirm the
formation of CuONPs, and for the crystallinity, X-Ray diffrac-
tometer was used (Rigaku pro analytical X-ray diffractometer)
using wavelength at 1.514 × 10-10 m for 2 10 to 80 °C. For
the surface morphological studies, transmission electron mi-
croscope (TEM) was used (JSM-100CX, Jeol). Chemical
bonding study of synthesized CuONPs was carried out using
FT-IR (IRAffinity-1, Shimardzu, Tokyo, Japan). The elemen-
tal analysis was done with energy dispersive spectrophotom-
eter (EDX). The particle size distribution and zeta-potential
analysis were done using dynamic light scattering (DLS)
Nano-ZS instrument (Malvern Instruments Ltd., Malvern,
UK). X-ray photoelectron spectroscopy study was carried
out in Thermo Scientific, ESCALAB Xi+ instrument.
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3 Results and Discussion

3.1 UV-Vis Spectroscopy

According to the method described by Jadhav et al. [86] with
some minor modification, optical properties of synthesized
nanoparticles were analyzed using a spectrophotometer
(Lambda 35; Perkin Elmer, USA). Initially, the formation of
CuONPs was confirmed by visual observation when the color

changed from greenish-blue to brown. Figure 2a shows the
UV-Vis spectrum of the synthesized CuO nanoparticles show-
ing a peak at 300 nm.

3.2 Fourier Transformed Infrared Spectroscopy
Analysis

FT-IR analysis was carried out on bio-synthesized CuONPs
using a spectrophotometer (IRAffinity-1, Shimardzu, Tokyo,

Fig. 1 Biosynthesis of the
CuONPs using Colocasia
esculenta plant extract

Fig. 2 a Uv-visible spectrum. b Fourier Transformed Infra-red spectroscopy. c Particle size distribution. d Zeta potential of CuONPs synthesized using
plant extract
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Japan) in the spectral region of 4000–500 cm−1 using a reso-
lution of 4 cm−1 and 64 coadded scans. The colloidal NPs
solution was freeze-dried in the form of powder and palletized
with KBr for FT-IR studies [87]. The representative FT-IR
spectrum is shown in Fig. 2b. The presence of bands at 616
cm−1 and 996 cm−1 indicates different modes of bending vi-
bration of the Cu–O bond [88]. Other notable peaks which are
observed at 1146 cm−1 (C–O stretch), 1624 cm−1 (C=O stretch
and N–H bending), 1714 cm−1 (CH3CO group), and 3244
cm−1 (O–H stretch) are probably due to the organic matter
present on the surface of the copper nanoparticles [89].

3.3 Dynamic Light Scattering Studies (DLS)

Dynamic light scattering (DLS) study was carried on the bio-
synthesized copper oxide nanoparticles using Zetasizer Nano
(Nano ZS;Malvern Instruments, UK). From particle size anal-
ysis study, it was confirmed that the average particle size of
the bio-synthesized CuONPs is below 100 nm (Fig. 2c). The
zeta potential measurement was also carried out, and the net
zeta potential value on the CuONPs is − 15.8 mV depicting a
negative surface charge on the nanoparticles (Fig. 2d).

3.4 Transmission Electron Microscopy Studies

Synthesized CuONPs using plant extract were analyzed using
transmission electron microscopy (TEM). Representative
TEM image is shown in Fig. 3a. It is clear from the images
that majority of the particles are of sizes below 100 nm. The
corresponding EDX studies also carried out and are shown in
Fig. 3b. The EDX spectrum clearly shows the nanoparticles
are copper oxide. It needs to be mentioned here that EDX
studies could not be done along with TEM as the sample
was prepared in Cu grids. Hence, EDX measurement was
done in SEM set-up with prior Au coating before EDX mea-
surement. Hence, EDX spectrum shows the presence of Au
along with Cu and O.

3.5 X-ray Photoelectron Spectroscopy Studies

XPS measurement was carried out on bio-synthesized
CuONPs. The survey scan (Fig. 4a) and the high-resolution
Cu 2p spectra were obtained. The spectra are referenced to the
C 1 s peak at 284.17. Cu2p core level spectrum (Fig. 4b)
reveals that the Cu(2p3/2) and Cu(2p1/2) peaks centered at
934.15 and 953.26 eV (with splitting of 19.2 eV), respective-
ly, were attributed to the presence of the Cu2+ chemical state
as an indication for the formation of CuO nanoparticles.

3.6 Catalytic Activity: Application of the CuONP in the
Synthesis of 1,2,3-triazoles

We then explored the catalytic activity of our CuONP catalyst
for carrying out the multi-component reaction of benzyl chlo-
ride, sodium azide, and phenyl acetylene for synthesis of
1,2,3-triazoles. The reaction of sodium azide and organic ha-
lide produces the required organic azide in situ and thus the
isolation and purification step could be avoided. We have
screened different solvents for the reaction, and water is found
to give best yield. The reaction gave no product in the absence
of catalyst (entry 8, Table 1). After screening several condi-
tions, we observed that the reaction gave best yield of product
at 70 °C using 15 mg of catalyst for 6 h (entry 3, Table 1).
Reducing the amount of catalyst (entries 1 and 2, Table 1)
lowers the yield whereas increasing the catalyst loading to
20 mg (entry 4, Table 1) did not improve the yield further.
Interestingly, the use of 15 mg of the catalyst contains very
low amount of copper (0.535 mol%, 0.00535045 mmol)
which is enough to complete the reaction in 6 h. Increasing
the reaction time beyond 6 h also did not improve the yield.
Use of solvents other than water lowers the yield (entries 9–
12, Table 1). When 1:1 mixture of water:ethanol was used as
solvent, the reaction gave lower yield (entry 13, Table 1). Use
of simple copper salt gave very low yield of the product (en-
tries 14–15, Table 1). The turnover number (TON) for the

Fig. 3 a Representative transmission electron microscope of bio-synthesized copper oxide nanoparticle. b Corresponding energy dispersive X-ray
spectroscopy of the copper oxide nanoparticle
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optimized reaction is 177.6 based on the moles of phenyl
acetylene consumed per mole of catalyst. The corresponding
turnover frequency (TOF) is 29.6 h−1.

After having the optimized conditions in hand, we looked
for the substrate scope of the reaction. Use of different acyl
(3b, Scheme 1), alkyl (3c, Scheme 1), allyl (3d, Scheme 1),
aryl (3e, Scheme 1), and aralkyl (3f, Scheme 1) halides gave
good yield of products when reacted with phenyl acetylene.
Use of 1-hexyne as terminal alkyne also gave good yield of

products (3g, 3h, Scheme 1). Thus, the catalyst has good sub-
strate scope.

A plausible mechanism is proposed based on the literature
reports (Scheme 2). The terminal alkyne reacts with the nano-
particle catalyst forming the copper acetylide. This then un-
dergoes cycloaddition reaction with the inorganic azide coun-
terpart which is formed in situ from the reaction of the corre-
sponding organic halide and sodium azide to furnish the 1,2,3-
triazole products.

Fig. 4 a XPS spectrum and b Cu2p core level spectrum of bio-
synthesized CuONPs. Moreover, the satellite peaks of the Cu(2p3/2) and
Cu(2p1/2) at 942.2 and 962.4 eV, respectively which is 9 eV higher than

the main spin orbit component further confirms the presence of Cu2+

chemical state [90, 91]. For lager figure, please see electronic
supporting information

Table 1 Optimization of reaction conditions for synthesis of 1,2,3-triazoles (reaction condition: Benzyl chloride (1.1 mmol), sodium azide (1.2 mmol),
phenyl acetylene (1.0 mmol), 2 mL water)

Entry Catalyst (mg) Solvent Time ( h) Temp. (oC) Yield of 3a (%)[b]

1 --- Water 6 70 n.d.[c]

2 CuONP (5) Water 6 70 64

3 CuONP (10) Water 6 70 78

4 CuONP (15) Water 6 70 95

5 CuONP (20) Water 6 70 95

6 CuONP (15) Water 7 70 94

7 CuONP (15) Water 6 80 94

8 CuONP (15) Water 6 60 82

9 CuONP (15) MeOH 6 reflux 75

10 CuONP (15) EtOH 6 reflux 80

11 CuONP (15) CH3CN 6 reflux 64

12 CuONP (15) Toluene 6 70 32

13 CuONP (15) Water:EtOH (1:1) 6 70 78

14 Cu(NO3)2.3H2O
[d] Water 6 70 Trace

15 Cu(SO4)2.5H2O
[d] Water 6 70 Trace

b Isolated yields; c n.d., not detected; dAmount of salts taken, 5 mol%
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The efficiency of the catalyst developed by us is compared
with some previously reported catalyst systems (Table 2) for
synthesis of 1,2,3-triazoles. 1The advantages of the catalyst
are the use of waste plant product and green protocol for
synthesis of catalyst, cost-effective, low catalyst loading, good
yield of products, etc.

3.7 Recycle Studies

To find out the reusability and stability of the catalyst, the
recycling experiments for preparation of 1,2,3-triazole reac-
tion of benzyl chloride, sodium azide, and phenyl acetylene
were conducted for three consecutive cycles under the identi-
cal reaction condition. The catalyst was easily separated by
centrifuge after the reaction and washed with ethyl acetate.
The catalyst was dried in oven and reused for next reaction.
The reactants were taken with respect to the amount of the

catalyst recovered after each reaction cycle. The correspond-
ing yields over the each three subsequent cycles were 92, 89,
and 87% for first, second, and third, respectively. The de-
crease in yield of product could be explained by leaching of
metal. The stability of the reused catalyst was determined by
EDX and FT-IR analysis. It is clear from the FT-IR analysis of
the reused catalyst that characteristics peak at ~ 600 cm−1 and
~ 996 cm−1 indicating different modes of bending vibration of
the Cu–O bond is intact in the reused catalyst. Other notable
peaks are also present. Similarly, the EDX data of fresh and
reused catalyst clearly shows even after several cycles the
chemical composition (Cu and O) of the catalyst remains al-
most same (see the electronic supporting information for de-
tailed EDX and FT-IR data of the catalyst after each recycle).
Thus, even after several cycles of the use of catalyst, the cat-
alyst is stable. This demonstrates the versatility of the catalyst
which could be reused for several times.

Scheme 1 Substrate scope of the
reaction. All the reactions were
performed by using
corresponding halides (1.1
mmol), sodium azide (1.2 mmol),
alkyne (1.0 mmol), H2O (2 mL),
catalyst (15 mg) at 70 °C for 6 h.
aThe corresponding azides were
prepared according to the
procedure by McNulty et al. [92]
and then reacted with alkynes to
get the required triazole products

Scheme 2 Proposed reaction
mechanism
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4 Conclusion

In summary, we have developed a greener method for the
synthesis CuONPs from plant extract of Colocasia esculenta
leaves which are considered as waste product after cultivation.
1,2,3-Triazole compounds are known to have several biolog-
ical activity and present in many important organic com-
pounds. Due to the various advantages such as low catalyst
loading, reusability, cost-effectiveness, and easily separable
from reaction mixture, the use of heterogenous copper catalyst
for the click reaction is highly desirable. The nanoparticles we
have synthesized showed good activity when used in the click
reaction of organic azide and alkyne giving the 1,2,3-triazoles
products in excellent yields. We have performed the reaction
in water which is environmentally benign and abundant. The
reaction is carried out in one-pot multi-component approach
which is advantageous. The substrate scope is good, and the
catalyst could be used in the synthesis of different triazoles
giving high yield of products. In addition, the catalyst can be
reused, and recycle studies revealed yields over each of the
three cycles which were 92, 89, and 87% for first, second, and
third, respectively. The process is simple, cost-effective, high
yielding and environmentally benign demonstrating that it
could be used by the industries and academic laboratories.
We believe that our method would significantly augment the
repertoire of the methods available for the synthesis of impor-
tant 1,2,3-trazoles by copper-catalyzed nanoparticles. The use
of the waste and non-toxic plant material is also advantageous
for the synthesis of nanoparticle.

5 Experimental Section

5.1 General Procedure for the Synthesis of Triazoles

To a mixture of organic halide (1.1 mmol), NaN3 (1.2 mmol)
and the alkyne (1.0 mmol) in 2 mL water was added to the
catalyst (15 mg). The reaction was then heated at 70 °C for 6
h. The reaction was then cooled to room temperature and the
water layer was extracted with ethyl acetate (2 × 5 mL). The
combined organic layer was washed with brine and dried over

anhydrous Na2SO4. The organic layer was filtered, and sol-
vent was removed under reduced pressure in a rotary evapo-
rator. The crude product was then purified by column chro-
matography using silica gel (100–200 mesh), and ethyl
acetate–hexane as eluent.

5.2 The Representative Example of the Synthesis of 3a

To a mixture of benzyl chloride (1.1 mmol, 139 mg), NaN3

(1.2 mmol, 78 mg) and phenyl acetylene (1.0 mmol, 102 mg)
in 2 mL water was added 15 mg of catalyst. The reaction
mixture was then heated at 70 °C for 6 h. After the completion
of the reaction (monitored by TLC), the reaction mixture was
brought to room temperature and extracted with ethyl acetate
(2 × 5ml). The combined organic layer was washedwith brine
and treated with anhydrous Na2SO4 and concentrated in a
rotary evaporator under reduced pressure. The crude product
was purified by column chromatography using silica gel
(100–200 mesh), and ethyl acetate–hexane as eluent. White
solid, (223 mg, yield-95%); mp: 128–130 °C; IR (cm−1):
3135, 3036, 2923, 2852, 1607, 1466, 1354, 1220, 1194,
1158, 1074, 1048, 809, 766, 727, 581, 507; 1H NMR (600
MHz, CDCl3): δ 7.80 (d, J = 7.2 Hz, 2H), 7.67 (s, 1H), 7.40–
7.26 (m, 8H), 5.58 (s,2H); 13C NMR (150 MHz,CDCl3):
148.4, 134.9, 130.8, 129.4, 129.0, 128.4, 128.3, 125.9,
119.7, 54.4; HRMS (ESI) exact mass was calculated for
C15H13N3 [M + H]+: 236.1188; Found: 236.1191.

Supplementary Information The online version contains supplementary
material available at https://doi.org/10.1007/s12668-021-00826-5.
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