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a b s t r a c t
A silver nanoparticle composite based on modiﬁed polyallylamine has been synthesized by a simple chemical
route and its catalytic activity has been tested for alkyne–azide cycloaddition reaction. This silver nanocomposite
shows an excellent catalytic activity at 80 °C for the synthesis of 1,4-disubstituted 1,2,3-triazole by alkyne–azide
cycloaddition. The solid silver nanocomposite catalyst was characterized by transmission electron microscopy,
Fourier-transform infrared spectroscopy, X-ray diffractometry and thermogravimetric analysis. The developed
catalyst is stable in air, easy to prepare and can be recovered easily and reused ten times without a signiﬁcant decrease in activity.
© 2015 Published by Elsevier B.V.

1. Introduction
The Huisgen 1,3-dipolar cycloaddition reaction between azides and
terminal alkynes is a widely studied “click” reaction to synthesize
1,2,3-triazoles [1]. This reaction has been applied extensively in pharmaceuticals, drug discovery, agrochemicals, dyes, corrosion inhibitors,
photostabilizers, photographic materials and biochemistry [2–7]. The
copper-catalyzed alkyne–azide cycloaddition is regarded as the most
efﬁcient click chemistry [8–10]. The heterogeneous nature of catalysts
offers advantages of thermal stability and reusability [11–14]. The catalytic activity of copper nanoparticles (Cu NPs) in the azide–alkyne click
reaction has received much interest [15–21]. Silver nanoparticles
(Ag NPs) have been employed catalysts in organic synthesis, However,
Ag NPs have received less attention in terms of their application in the
azide–alkyne click reaction [22]. Although Jana et al. reported on a
silver–graphene nanocomposite for a “one-pot” azide–alkyne click reaction, the application of other Ag NPs immobilized on polymers still
needs to be explored [23].
Polymers are excellent host materials for the preparation of metal
nanoparticles. Various synthetic polymers, such as poly(methyl methacrylate), polystyrene, poly(vinyl alcohol) and poly(vinyl pyrrolidone),
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have been used in the synthesis of metal nanoparticles [24–28]. However, minimal work has been carried out where polyallylamine has been
used as a capping agent to stabilize metal nanoparticles [29–31].
Among them, Kuo just reported the syntheses and characterization of
silver nanoparticles stabilized by poly(allylamine) (PAA) and by polyethyleneiminated poly-(allylamine). The application of Ag NPs still
needs to be explored.
Herein, we describe the advantages of Ag NPs in modiﬁed polyallylamine as a simple, inexpensive and general and efﬁcient heterogeneous catalyst for use in the Huisgen 1,3-dipolar reaction of alkyne–
azide cycloaddition in water.

2. Experimental
2.1. Instruments
Infrared spectra were recorded on a Perkin Elmer Fourier-transform
infrared (FTIR) spectrometer using KBr. FEI Technai G2 transmission
electron microscope was used for transmission electron microscopic
(TEM) image of sample. Thermogravimetric analysis (TGA) was carried
out on a Mettler-Toledo 851E instrument. X-ray diffraction patterns
were recorded on a Rigaku, D-5000 diffractometer, using Ni-ﬁltered
Cu-K radiation (λ = 1.5405 Å). 1H NMR spectra were recorded on a
400 (Varian, Palo Alto, USA) spectrometer in CDCl3 solution with tetramethylsilane as an internal standard. Chemical shift values are given in
parts per million.
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Scheme 1. Synthesis for silver nanocomposite.

2.2. Preparation of silver nanocomposite

3. Results and discussion

The modiﬁed polyallylamine (10.0 g) was dissolved in water
(30.0 mL) to obtain a clear solution at room temperature. Silver nitrate (3.26 g) was dissolved in water (10.0 mL) and added into the
solution at room temperature. Ammonia water was added into the
solution to obtain a clear solution at room temperature. (3Glycidoxypropyl)methyldiethoxysilane (4.0 g) was added into the
mixture at room temperature. The mixture was heated to a viscous
solid at 120 °C, then cooled to room temperature. Hydrazine hydrate
(80 wt.%) (20 mL) was added and stirred at room temperature for
24 h. The resultant brown solid was washed with water and dried
at 60 °C for 12 h under vacuum to afford Ag NPs (16.2 g).

3.1. Preparation of Ag NPs

2.3. Application of silver nanocomposite as an efﬁcient catalyst in organic
reactions
A mixture of benzylazide (133.0 mg, 1.0 mmol), phenylacetylene
(102.0 mg, 1.0 mmol), silver nanocomposite (10.0 mg) and water
(1.0 mL) was stirred at 80 °C in a test tube. The reaction was extracted
using dichloromethane (10.0 mL). The combined organic extract was
washed with water (5.0 mL) and dried using anhydrous magnesium
sulfate. The solvent was removed in vacuum and the crude product
was puriﬁed by ﬂash chromatography on silica gel (eluent: ethyl
acetate/petroleum ether, 1:10) to afford a colorless solid 3a (0.223 g,
95%).

Fig. 1. FTIR spectra of Ag NPs and blank resin.

The synthesis strategy for the silver–polyamine nanocomposite is
shown in the Scheme 1. Polyallylamine was synthesized according our
previous work [32]. The modiﬁed polyallylamine has a strong tendency
to form gel in aqueous solution. This gel that contains hydroxy and
amino groups protects and stabilizes the Ag NPs in its strong gel mesh
and acts as an excellent surface capping agent in the process.
3.2. Catalyst characterization
3.2.1. FTIR spectra of Ag NPs and blank resin
The FTIR spectra of the blank and silver resin are shown in Fig. 1.
The O–H absorption band shifted slightly compared with that of blank
polymer composite in the FTIR analysis. This indicates that an interaction occurs between these groups and nanosilver.
3.2.2. X-ray diffractometry of Ag NPs and blank resin
Fig. 2a shows the X-ray diffraction pattern of the blank resin. The
resin reﬂection at 2θ of 18.82° corresponds to the amorphous part of
the resin. The resin reﬂection at 2θ of 28.42°, 40.53°, 50.3°, 66.42° and
73.84° corresponds to the crystalline part of the resin [33–34].
Fig. 2b shows the X-ray diffraction pattern of the silver resin. The reﬂections at 2θ of 38.3°, 43.6°, 64.6° and 77.80° correspond to (111),
(200), (220) and (311) planes of silver, respectively [24–28]. The reﬂection of resin at 2θ of 19.22° corresponds to the amorphous part of the

Fig. 2. X-ray diffraction pattern of Ag NPs and blank resin.
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