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Introduction
Nanotechnology is a ield of science being still under development 

and has a big inluence on the industry from several years. Investment 
in its development values annually several billion dollars worldwide 
being equally supported by the governments and the corporations 
[1]. Amongst variable nanomaterials and ields of their application 
metal nanoparticles can be distinguished as the most popular 
in biology and medicine with gold (AuNPs) and silver (AgNPs) 
nanoparticles playing prominent role. They were already used as 
far as in fourth century for dyeing ceramics and stained glass. At the 
time their sources were mostly of natural origin [2]. Nowadays many 
methods of their synthesis have been elaborated in dependence on 
their shape and size to be obtained. However, most of them have 
been developed on the basis of two simple methods. First and the 
most popular of them were described by Turkevich [3]. It consists 
of reduction of Au3+ ions to Au0 with citric acid, which also stabilizes 
forming nanoparticles and could be exchanged to other ligand. In 
Shiffrin – Brust method [4] sodium borhydride is used as reducer 
and the acid is immediately replaced by selected mercaptan. In the 
irst method water can be used as a solvent whereas in the second 
the choice of a solvent is dependent on the hydrophobicity of the 
used mercaptan, which acts as stabilizer. Both methods can be also 
used in order to obtain silver nanoparticles. Their advantage is that 
monodispersed nanoparticles are formed, with size depending on 
ratio of the reducing agent to the substrate. Unfortunately, those 
techniques are not lawless. For example, the second one frequently 
uses toxic mercaptans and organic solvents.

Together with the development of various ields of industry it 
started to pay attention to environmental degradation by-products 
formed as a result of technological processes. This resulted in 
studies on minimizing the use of toxic substances and replace them 
with natural ones in various sectors of the enterprise – in this way, 
the trend called “green chemistry” was created [5] with the main 
priorities being:

lower energy consumption, and hence costs by lowering the • 
temperature of the reactions
use of catalysts, which preferably are possible to be regenerated• 
elimination of toxic solvents and organic substrates, and repla-• 
cement of them with natural ones or exchange for the less toxic 
ones (e.g. replacement of benzene – toluene)
reduction or elimination by-products requiring disposal.• 

Nanoparticles biosynthesis
Also in the ield of nanotechnology there have been attempts 

to apply the above reasoning. In order to effectively synthesize 
nanoparticles of deined size and shape attention should be paid 
to the three factors: the choice of solvent, reducing agent and 
a biocompatible stabilizer [6]. Desire to eliminate the organic 
solvents is usually impossible to achieve because of the structures 
of stabilizers, which are rarely soluble in water. Therefore, attention 
have been paid attention to the biological synthesis of inorganic 
materials using microorganisms [6] or with a use of substances of 
an animal origin.

Polysaccharides
As an example of those kinds of substances used for the 

nanoparticles synthesis, heparin or chitosan may be mentioned [10].
Heparin is a linear polysaccharide occurring in mammals, including 

porcine intestinal cells and bovine lung. It is a compound composed 
of glucose and derivatives of induronic acid and is widely used in 
medicine as an anticoagulant. Studies show that nanocomposites 
synthesized with a use of heparin are more stable at physiological 
electrolyte concentrations than naked nanoparticles, because it 
bounds to the particles providing electrostatic repulsion from other 
particles. Additionally, those composites with nanosilver exhibit 
antibacterial activity against Escherichia coli and Staphylococcus aureus, 
and also AuNPs and AgNPs complexes with heparin functionalized 
with 2,6-diaminopirydine still exhibit anticoagulant properties [11].

The second polysaccharide – chitosan is obtained by deacetylation 
of chitin, which is a homopolymer made up of subunits of the 
N-acetyl-d-glucosamine. For the irst time chitosan was described in 
2004 as stabilizing agent in nanoparticle synthesis. It was shown that 
the electrostatic attractive forces between amino groups in chitosan 
and AuCl4- provide an effective driving force for the formation and 
stabilization of the gold and silver nanoparticles [12]. Nowadays, 
there are many reports in literature describing the use of the 
AgNPs\chitosan systems. Among others, they act as catalysts, e.g. 
used to accelerate the reduction of para-nitrophenol with sodium 
borohydride [13]. They have also found application as components 
in wound dressings and bandages due to their antibacterial activity 
against both gram-positive and gram negative bacteria [14].

Also a method for the synthesis of nanoparticles of silver 
by incubation of its salts with the suspension of starch and d-glucose 
was described, with glucose being used as the reducing agent and the 
starch as stabilizing agent. Starch whose is built of amylopectin and 
-amylose monomers [15]. in that way AgNPs of the size of 5 nm and 
stable for about of 2 months had been obtained. The starch can also 
act as a reducer of the silver salt. In this case the resulting AgNPs are 
closed inside the helical structure of -amylose [16]. Using biological 
synthesis it is also possible to obtain core – shell type nanoparticles. 
Walven and Raveendran reported synthesis of AuNPs coated with 
silver and stabilized by starch and glucose [15].

Interestingly, also honey was used as reductor. Silver nanoparticles 
obtained in such a manner had a size of 34 nm and showed stability 
in neutral or slightly alkaline solutions [17].

Plant extracts
Recently, vegetal active substances, plant tissues or fruits have been 

used in nanoparticles synthesis as well. Extracts from plants usually contain 
various polyphenols, such as lavonoids, which are excellent reducing 
agents useful in the synthesis of silver and gold nanoparticles. Among 
them, substances like luteolin or rosmaric acid from Ocimum sanctum 

can be found. They are most probably responsible for the conversion 
of Ag+ to Ag0 which happens during the formation of enol/keto form of 
those substances. The leaf extract of sacred basil was used to synthesize 
spherical AgNPs of a diameter of around 10 nm [18]. On the other hand, 
triangular AuNPs were received using leaf extract from Aloe vera [19].



sc
ie

nc
e

846 • nr 10/2013 • tom 67

Apart from extracts of the leaves the extracts of whole fruits 
and vegetables have been also used. Their big advantage is effective 
stabilization of the obtained nanoparticles with non-toxic compounds 
which are for years being a food. A group of researchers from India 
presented a method to reduce AgNO

3
 to AgNPs with banana peel 

extract (Musa paradisiacal). According to their reasoning, formed 
nanosystems are stabilized by the following polymers: lignin, 
hemicellulose and pectin [20]. Silver nanoparticles were also synthesized 
using the orange peel extracts. The resulting systems were the size 
of 10 nm and exhibited promising antibacterial properties against 
microorganisms such as Escherichia coli, Pseudomonas aeruginosa 

(gram “-”) and Staphylococcus aureus (gram “+”) [21]. Also, other 
plants have been described as an effective means of reducing ions 
to silver and gold nanoparticles, to mention only basil [22], cinnamon 
[23], pepper [24], tea and coffee [25].

Research

During studies on the modiication of metal nanoparticles 
with phosphonates we decided to compare the stability of the 
gold nanoparticles obtained by reduction of HAuCl

4
 by cinnamon 

extract with commercially available colloidal gold nanoparticles. The 
literature data concerning the synthesis of gold or silver nanoparticles 
by using extracts from plants or micro-organisms did not present 
the attachment of the active substance to nanosystems obtained in 
this way. These modiications are possible in two ways. First one 
is a connection of the target molecules to the organic components 
of extracts, which act as stabilizing agents. This is a system of low 
eficiency, because the composition of extracts is not well deined, 
and thus the functional groups that are there poorly known. The 
second method involves the creation of additional shell surrounding 
prepared nanosystems, which may be further derivatized with target 
compounds. Therefore, we decided to modify silver nanoparticles 
synthesized by biological reduction and core – shell systems to allow 
their further functionalization with the target compounds in the 
aquatic environment.

Water cinnamon extract was obtained by mixing 2 g of shredded 
cinnamon in 100 ml of water during 24 hours. After this time 
the precipitate was iltrated off and to 10 ml of the iltrate 1ml 
0.01M HAuCl

4
 was added. After 15 minutes of vigorous stirring 

solution had started to change the color from yellow to reddish 
purple. This indicated a reduction of AuCl

4
- ions and formation 

of Au nanoparticles. Figure 1 shows UV-VIS spectrum performed 
at Varian Cary 50 UV-Vis Spectrophotometer, of obtained AuNPs 
compared with commercially available AuNPs. The measurements 
were recorded after 12 hours, and 6 months of synthesis. Spectrum 
of commercial AuNPs from Sigma Aldrich does not change after 
that time, while spectrum of nanoparticles stabilized with extract of 
cinnamon is becoming more and more plane, which could result from 
aggregation of AuNPs. AuNPs were also studied by transmission 
electron microscopy JEOL JEM1200EXII directly after the synthesis 
(Fig. 2) – Unfortunately, due to the lack of direct access to the 
electron microscope it was impossible to re-imaging after 6 months. 
The size distribution determined by this technique was around 
10 nm and was also conirmed by dynamic light scattering (DLS,  
Fig. 4). The measurement was performed on the product of Malvern 
Zetasizer Nano Range.

For the synthesis of silver nanoparticles we used an extract of 
pepper. Thus, green peppers were crushed in water and resulting 
juice was iltered (90 ml) and treated with 20 ml of 1 M AgNO

3
. 

After 10 minutes of vigorous stirring solution changed color from 
green to brown, this as in the case of gold nanoparticles indicated 
a reduction of Ag+ ions and AgNPs nanoparticles formation. AgNPs 
were characterized by UV-VIS spectroscopy (Fig. 1) and dynamic 
light scattering (Fig. 4). Obtained nanoparticles posses size of 70 nm  

and the absorption maximum at 420 nm. AgNPs was then used 
to create core – shell systems. Silica was used as a coating due 
to its inert properties in relation to the living organisms. For this 
purpose the solution was centrifuged and the precipitate AgNPs 
allowed to dry. Then, 0.1 g of nanoparticles were suspended 
in a mixture of water – isopropanol of a volume ratio 1:1, and 
1 ml tetraethylortosilicate was added [25]. The next step was 
copolymerization of the silica surface and its derivatization with 
(3-aminopropyl)trimethoxysilane. It was aimed at modifying the 
surface of AgNPs\Si with terminal reactive amino group, which 
allows receiving systems ready for further modiication with target 
compounds. Figure 3 shows the IR spectrum before and after 
derivatization of AgNPs. The spectrum clearly shows characteristic 
bands coming from the vibrations of Si–O–C and Si–O–Si  
(1000–1200 cm-1) bonds. We have also measured the hydrodynamic 
size of obtained AgNPs\Si systems, which appeared to be bigger 
than that determined for starting AgNPS (Fig. 4).

Fig. 1. UV-VIS spectrum of AuNPs and AgNPs

Fig. 2. TEM of AuNPs stabilized by cinnamon extract

Fig. 3. IR spectrum of AgNPs before and after the derivatization
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Fig. 4. DLS of AuNPs and AgNPs nanoparticles

Summary and outlook
We presented here a brief review of synthetic methods for gold 

and silver nanoparticles that fulill the objectives of green chemistry. 
We also presented our own synthesis of gold nanoparticles using 
cinnamon extract as a reducing agent followed by comparison of the 
stability of the obtained AuNPs systems with commercially available 
AuNPs. In addition, we have described the possibility of derivatization 
of nanoparticles obtained by reduction of silver salt with pepper 
extract, and creation of the core – shell systems. The aim of further 
research will be the attachment of selected phosphonates to the 
surface of these nanoparticles.

Nanoparticles were obtained using AgNO
3
 or HAuCl

4
 in an 

aqueous plant extract a hundred percent natural way, which dovetails 
with the objectives of “green chemistry”. The methodology of this 
process is simple, inexpensive and environmentally friendly. The 
results showed that the compounds contained in the extracts may 
act as both reducing agents and stabilizers resulting nanoparticles, 
and an additional layer of silica and allow for future derivatization of 
the functionalization of the resulting nanostructures.
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