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Noble metals nanoparticles synthesis in plant extracts 
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The noble metal nanoparticles, for example gold and silver nanoparticles, absorb strongly in the visible and near-infrared 
region when the frequency of an electromagnetic field becomes resonant with the surface plasmon coherent electron 
oscillation within the nanoparticles. Nowadays nanoparticles are widely used in photodynamic therapy (PDT) for treating 
cancer in vivo. The experiments regarding nanoparticle synthesis were conducted in plant extracts (Azadirachta indica, 
Anethum graveolens and Salvia officinalis). 
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1. Introduction 

 
Nanomaterials often show unique and considerably 

changed physical, chemical and biological properties 
compared to their macro scaled counterparts [1,2]. 
Synthesis of noble metal nanoparticles for applications 
such as catalysis, electronics, optics, environmental, and 
biotechnology is an area of constant interest [3–9]. Gold, 
silver, and copper have been used mostly for the synthesis 
of stable dispersions of nanoparticles, which are useful in 
areas such as photography, catalysis, biological labelling, 
photonics, optoelectronics and surface-enhanced Raman 
scattering (SERS) detection [10, 11]. 

Additionally, metal nanoparticles have a surface 
plasmon resonance absorption in the UV–Visible region. 
The surface plasmon band arises from the coherent 
existence of free electrons in the conduction band due to 
the small particle size [12, 13]. The band shift is dependent 
on the particle size, chemical surrounding, adsorbed 
species on the surface, and dielectric constant [14, 15]. 

Moreover, functionalized, biocompatible and inert 
nanomaterials have potential applications in cancer 
diagnosis and therapy [16–20]. The target delivery of 
anticancer drugs has been done using nanomaterials [16]. 
With the use of fluorescent and magnetic nanocrystals, the 
detection and monitoring of tumour biomarkers have been 
demonstrated [17, 18].  

Gold and silver belong to a family of “free” electron 
metals that have a filled valence shell but an unfilled 
conduction band. When nanoparticles of these metals are 
irradiated with incident light, the "free" electrons move 
under the influence of the electromagnetic field and are 
displaced relative to their positive core, which creates an 
oscillating dipole. Oscillating dipoles absorb maximum 
energy at their resonance frequency, which lies in the 
visible range of the electromagnetic spectrum for gold and 
silver nanoparticles. 

Generally, metal nanoparticles can be prepared and 

stabilized by physical and chemical methods; the chemical 
approach, such as chemical reduction, electrochemical 
techniques, and photochemical reduction is most widely 
used [21, 22]. Studies have shown that the size, 
morphology, stability and properties (chemical and 
physical) of the metal nanoparticles are strongly 
influenced by the experimental conditions, the kinetics of 
interaction of metal ions with reducing agents, and 
adsorption processes of stabilizing agent with metal 
nanoparticles [14, 15]. 

In order to be ready for use in biological systems, the 
nanoparticles must be synthesised trough “green” routes.  

The green synthesis of nanoparticles involves three 
main steps, which must be evaluated based on green 
chemistry perspectives, including (1) selection of solvent 
medium, (2) selection of environmentally benign reducing 
agent, and (3) selection of nontoxic substances for the NPs 
synthesis [1, 22]. 

2. Experimental 
 
2.1 Materials and methods 
 
To achieve a “green” synthesis of the nanomaterials, 

reaction medium chosen was distilled water. The reducing 
agents used were plant extracts.  

The reagents used for the synthesis (HAuCl4, AgNO3) 
were analytical grade and commercially available (Merck). 
The reagents chosen do not involves a toxic hazard on the 
environment.  

The plants used were azadirachta indica – neem, 
Anethum graveolens – dill and Salvia officinalis – 
common sage. 

The characterisation was performed using UV-Vis 
spectroscopy (SPECORD M400 Carl Jeiss Jena double 
beam spectrophotometer, equipped with a diffuse 
reflectance devices and connected to microprocessor), X-
ray diffraction (DRON 2 X-ray diffractometer with Cu Ka 
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radiation (λ = 0.154056 nm) and transmission electron 
microscopy (JEOL 2000 FX microscope). 

 
 
2.2 Nanoparticle synthesis 
 
The procedures for the natural extracts are similar, 

using plant leaves (for neem and dill) respectively sage 
leaves and flowers. The parts of the plants that were to be 
used were thoroughly washed, finely cut and then boiled in 
distilled water. Ultrasonication can also be used. 

For the neem extract 10 g of neem leaves were 
extracted in 50 ml of distilled water.  

From the extract obtained 2 ml were collected and 
divided into two flasks, in order to obtain 2 samples, each 
containing 2 ml of extract. In the two flasks, AgNO3 and 
respectively HAuCl4 of 10-3M concentration were added, 
thus obtaining Samples I.1 and I.2. 

The dill extract was realised similar to neem, using 20 
g of dill in100 ml distilled water, finally obtaining samples 
II.1 and II.2. 

The common sage extracts were obtained from 15 g of 
leaves (in 500 ml of distilled water) and 7 g of flowers (in 
250 ml of distilled water).  

From each extract, 4 samples were realised, each 
containing 20 ml of extract, named samples III.1 to III.4 
for leaves, respectively IV.1 to IV.4 for flowers. 

In samples III.1, III.3, IV.1 and IV.3, 20 ml of silver 
nitrate (10-3M) were added. In samples III.2, III.4, IV.2 
and IV.4 20 ml of HAuCl4 solution (10-3M) were added. In 
order to study the influence of light on the formation of the 
nanoparticles, samples III.1, III.2, IV.1 and IV.2 were kept 
under direct sunlight, while samples III.3, III.4, IV.3 and 
IV.4 were kept in the dark.  

The appearance of the nanoparticles could be easily 
visually observed. The silver nanoparticle synthesis is 
indicated by the apparition of a specific colour varying 
from orange/green to pale yellow. The gold nanoparticles 
are signalled by a pale-red colour. 

 
  
3. Results 
 
3.1 Synthesis in neem extract 
 
The synthesis of AuNP in neem extract was 

successful, confirmed by the fact that monometallic Au 
exhibits a well-defined absorption peak at aprox. 525 nm, 
which is the absorption band spectra of nanometer-size 
metallic gold particles (Fig. 1). However, the formation of 
silver nanoparticles was unsuccessful. Probably reason 
will be discussed in the Disscution chapter. 

 
 

Fig. 1. UV-Vis spectra of sample I.2. It clearly exibits  
specific UV-Vis band of Au nanoparticles. 

  
 

The XRD results confirms the apparition of the gold 
nanoparticles. 

 
 
3.2 Synhtesis in dill extract 
 
In dill, the synthesis of gold and silver nanoparticles 

was succesful. The UV-Vis and XRD results confirms de 
aparition of nanoparticles. In Fig. 2 are presented the TEM 
images of gold (a) and silver nanoparticles obtained. 

In both cases, the average size was about 10 nm.  
 

 
 

Fig. 2. TEM image of the synthesised nanoparticles. 
 (a) sample II.1 – AgNP; (b) sample II.2 AuNP. 

 
 

3.3 Synthesis in sage extracts 
 
The synthesis of nanoparticles in sage extracts was 

conducted in order to study the influence of a very 
important parameter (sunlight) on the nanoparticle growth.  

The synthesis was successful, confirmed by UV-Vis 
(Fig. 3), XRD (Fig. 4) and TEM results.  

The difference between the working conditions lead to 
different results, that are to be discussed.  
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Fig. 3. UV-Vis results obtained for the synthesised 
nanoparticles. (A) Silver nanoparticles (obtained in 
leaves – samples III.1 and III.3 and flowers extract – 
samples IV.1 and IV.3, kept under direct sunlight – 
samples III.1 and IV.1 and kept in dark – samples III.3 
and IV.3); (B) Gold nanoparticles (obtained in leaves – 
samples III.2 and III.4 and flowers extract – samples IV.2 
and IV.4, kept  under direct sunlight – samples III.2  and  
     IV.2 and kept in dark – samples III.4 and IV.4). 

 

 
Fig. 4. XRD patterns obtained for (A) silver nanoparticles  

and (B) gold nanoparticles. 

4. Discussions  
 
The composition of the extracts is mentioned in the 

literature datas. 
Neem extract should mainly consist of nimbin, 

nimbinin, nimbidin, azadirachtin and others [23]. Dill 
extract constituents are apiole, carvone, myristicin, 
umbelliferone and others [24], while sage extract could 
contain among others cineol, borneol, ursolic acid, 
favones, flavonoid glycosides and chlorogenic acid [25]. 

According to literature data [22] the effective 
reducing agents involved in the synthesis of the 
nanoparticles are the flavonoides and/or terpenoides . 

Future studies regarding the compounds responsable 
of the nanoparticle growth will be conducted by our group. 

The synthesis of silver nanoparticles in neem extract 
was unsuccesful. This indicates that the active constituents 
of the neem extracts are not powerfull enough reducing 
agents, unlike the extracts obtained from dill and sage.  

The experiments regarding nanoparticle synthesis in 
sage extracts (leaves and flowers) allow to draw some 
conclusion.  

The exposure to direct sunlight clearly influences the 
nanoparticle synthesis. Best results in obtaining silver 
nanoparticles were for sample IV.1, followed by sample 
III.1. Also, the results obtained for sample IV.3 are better 
than those for sample III.3.  

This means that the flower extract is a more powerful 
reducing agent than the leave extract for the synthesis of 
silver nanoparticles. Also, the synthesis is dependent to the 
presence of light (better results for samples III.1 and IV.1 
than those for samples III.3 respectively IV.3). 

Considering both parameters, it can be seen that the 
sample obtained from flower extract and kept under 
sunlight (IV.1) offers much better results than that 
obtained from leaves extract and kept in the dark (III.3). 
The results obtained for sample III.1 (sample in leaves 
extract and irradiated with direct sunlight) are better than 
those for sample IV.3 (sample in flower extract and kept in 
the dark).  

In conclusion the best parameters to be used for the 
synthesis are flower extract and exposure to direct 
sunlight.  

Regarding the synthesis of gold nanoparticles, it can 
be observed that in this case also the flower extract is a 
much better reducing agent than the leaves extract. In this 
case, both samples obtained in flower extract (series IV) 
shows better results than those in leave extract (series III). 
In the case of a weaker reducing agent (leave extract), the 
sunlight becomes a very important parameter (it is a big 
difference between samples III.4 and III.2). Surprisingly, 
the absence of light (III.4) offers better results than its 
presence (III.2).  

For the samples obtained in flower extract, the UV-
Vis peaks are practically identical, so the influence of light 
is negligible.  

In conclusion the parameter that must be obeyed is the 
presence of sage flower extract.  
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5. Conclusions 
 
Some easy and reproductable ways for the synthesis 

on noble metal nanoparticles were presented.  
The use of natural extracts, distilled water and 

practically nontoxic reagents allows the synthesis 
pathways presented to be considered “green”, and so 
permeating the synthesised nanoparticles to be used in 
sensitive areas such as biomedicine.  

The present study will be continued in order to 
establish the reaction mechanism and to perform more 
quantitative studies.  
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