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Abstract: The search for efficient methods for the synthesis of metal nanoparticles has been widely explored. Within this context, 
the use of biological materials such as plants, algae, bacteria and fungi has been reported to various metal nanoparticles as an 
efficient, low-cost and environmental friendly approach. In this paper we present a single-step method for synthesizing gold 
nanoparticles, by using essential oils from Brazilian Eucalyptus leaves (urograndis and dunnii). The results strongly suggest that the 
presence of a stronger bioreducing agent, α-Terpinyl acetate, in the Eucalyptus urograndis, results in higher antioxidant capacity and 
hence in the synthesis of gold nanoparticles with more controlled size distribution. 
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1. Introduction 

The synthesis and application of metal 

nanoparticles has been the subject of intense research 

for over two decades [1, 2]. In the search for efficient, 

low cost and eco-friendly approaches to obtain metal 

nanoparticles with controlled shape and size, many 

research groups have devoted their efforts to a large 

variety of physical, chemical and more recently 

biological methods [3]. Due to the growing 

environmental and health awareness, the demand for 

eco-friendly methods to obtain all sorts of materials, 

has driven the research in many areas. Especially 

concerning nanotechnology, that is an important issue 

once metal nanoparticle such as silver has been widely 

applied in products that are directly exposed to the 

human body, conveyed by cosmetic and 

pharmaceutical materials [4]. Within this context, the 

use of biological materials, such as plants, algae, 

bacteria and fungi comes to light as a very interesting 

alternative to obtain nanoparticles through 
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environmentally friendly approaches. The synthesized 

nanoparticles can present a combination of effects 

from the metal core and the stabilizing shell, once the 

media used to promote the bioreduction of the metallic 

precursor can also act as stabilizing layer on the 

synthesized nanoparticles [5, 6]. 

Among the biological materials, the ones obtained 

from plants present an advantage of abundance, which 

is a major advantage concerning large scale production. 

Essential oils can be found in more than 5,000 species 

in the Myrtaceae family alone [7]. Only considering 

Eucalyptus, which is a member of the Myrtaceae 

family, more than 700 species of Eucalyptus can be 

found around the world [8]. In addition to present 

antimicrobial properties, essential oils extracted from 

the leaves of Eucalyptus present antioxidant properties, 

which is a result of their ability to inhibit or delay 

oxidation process by blocking the initiation or 

propagation of the oxidizing reactions. These properties 

are important concerning application in different areas, 

including biomedical, nutrition and agrochemical, as 

these essential oils can avoid oxidative deterioration 

of food products as well as several human diseases. In 
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the human body, these molecules may enhance the 

immune defense and lower the risk of cancer and 

degenerative diseases [9-14]. 

Essential oils have a complex composition, 

containing from a dozen to several hundred 

components, in the case of Eucalyptus essential oils, 

the main components are monoterpenes and 

sesquiterpenes. Approximately 44%-84% of the oil 

comprises 1,8-cineole, and this composition depends 

on the species. These oils also contain minor amount 

of α-pinene, a monoterpene compound which is 

reported to have a wide range of biological activities 

[15-17], i.e. antioxidant, anticancer and genotoxic 

activities [18]. 

The literature describes many different approaches 

to evaluate the antioxidant activity of essential oils 

[19-22]. The most well-known methods are based on 

single electron transfer, hydrogen atom transfer, cupric 

reducing antioxidant capacity and ferric reducing 

antioxidant power [23, 24]. An alternative method that 

has been explored consists on the reduction of metallic 

cations, resulting in the formation of nanoparticles 

with plasmonic properties [10, 25]. Hence, different 

research groups have explored essential oils and 

reduction media to promote the synthesis of metallic 

nanoparticles [6]. The biosynthesis of metallic 

nanoparticles by using essential oils has additional 

interests as the different antioxidant capabilities and 

structures of the oils may tune their unusual optical 

and surface properties, allowing application in 

different areas, as catalysis, solar cell and biosensors 

[26-33]. 

In this paper, we show a simple method for 

synthesizing gold nanoparticles (AuNP) by using 

essential oils (EOs) from Brazilian Eucalyptus plant 

using two different EOs extracted from Eucalyptus 

urograndis and Eucalyptus dunnii (E. urograndis and 

E. dunnii) leaves. This one-step methodology was 

based on the ability of antioxidant properties of 

natural resources to reduce gold ions, forming AuNP. 

The EOs were characterized with FTIR, GC-MS and 

cyclic voltammetry. The AuNPs were characterized 

with UV-Vis spectroscopy. 

2. Experimental 

2.1 Chemicals 

Potassium chloride, chloroauric acid and methanol 

were purchased from Sigma. E. dunnii and E. 

urograndis plants were grown in Herval, a city located 

in southern Brazil (RS, latitude 32º01' S and longitude 

53º23' O) at 287 m above sea level. The harvesting of 

the aerial parts of E. urograndis and E. dunnii plants 

occurred in the morning of May 2010. Ultrapure water 

was obtained by Millipore Direct Q® 3 UV and was 

used in all experiments. 

2.2 Extraction of Essential Oils 

Eucalyptus leaves were dried in a controlled 

environment at temperature of 25 °C, during seven 

days. 500 g (dry weight) of dry leaves was cut into 

small pieces, and the EO was extracted by steam 

distillation for 2.5 h using a portable, 1 kg·batch-1 

capacity, mini distillation apparatus (Model:Linax-D1). 

The distillate was extracted with dichloromethane, 

following by drying over anhydrous sodium sulfate 

and evaporating the solvent (30 °C) at reduced 

pressure. The experiment was performed in triplicate, 

and the EOs yields were then estimated based on the 

dry weights (DW). The yields were expressed as a 

percentage (w/w) and the EOs were stored at 10 °C. 

2.3 Characterization of Essential Oils 

The EOs were analyzed by a gas chromatograph 

coupled to a mass spectrometer (GC-MS) using a 

Shimadzu GC-MS QP2010 with electron impact 

ionization (70 eV). An RTx-5 fused silica capillary 

column (30 m × 0.25 mm × 0.25 µm coated with 5% 

phenyl group silicone, 95% dimethylpolysiloxane, and 

0.25 µm-thick film) was used. The oven temperature 

was programmed to rise from 60 to 220 °C at a rate of 

4 °C·min-1, helium was used as the carrier gas at a 

flow rate of 0.8 mL·min-1. The EOs components from 
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E. dunnii and E. urograndis leaves were identified by 

comparing their mass spectra with those stored in the 

NIST/EPA/NIH library and by comparing Kovats 

retention indices (KI) from literature [34]. The Kovats 

indices of the oil constituents were determined 

comparing to (C8-20 and C10) n-alkane standard by 

using an EO solution dissolved in hexane. 

2.4 Chemicals Composition of Essential Oils 

The EOs obtained from E. dunnii and E. urograndis 

leaves were obtained with yields of 1.14% (w/w) and 

0.56% (w/w), respectively, after steam distillation. 

The GC-MS analysis resulted in the identification of 

18 constituents in the oil from E. dunnii eluted 

between 4.67 and 23.95 min, representing 100% of the 

EO. In E. urograndis, 16 oil constituents were 

identified between 4.68 and 23.95 min, representing 

100% of the total. The oils from both plants consisted 

mostly of monoterpenes, sesquiterpenes and 

oxygenated sesquiterpenes. Table 1 describes the 

primary chemical constituents of the EOs from E. 

dunnii and E. urograndis, respectively. 1,8-cineole 

(33.06% and 41.41%) and α-pinene (18.30% and 

30.07%) were the major constituents of the E. dunnii 

and E. urograndis EOs, respectively. α-Terpinyl 

acetate (9.56%) was also identified in the E. 

urograndis EO. 

 

Table 1  Chemical composition of EO from E. dunnii and e-urograndis. 

Compoundsa 
E. dunnii E. urograndis 

Comp. (%) KIb KI Adamsc Comp. (%) KIb KI Adamsc 

α-Pinene 18.30 934 939 30.07 934 939 

Camphene - - - 0.51 950 953 

β-Pinene 0.78 978 980 - - - 

Sabinene - - - 0.18 976 976 

Myrcene 0.92 991 991 - - - 

α-Phellandrene 1.12 1,006 1,005 - - - 

o-Cymene 2.38 1,025 1,022 2.85 1,025 1,022 

Limonene 7.58 1,029 1,031 8.13 1,029 1,031 

1,8-Cineole 33.06 1,032 1,033 41.41 1,032 1,033 

(Z)-β-ocimene 1.61 1,036 1,040 - - - 

(E)-β-ocimene 0.23 1,047 1,050 - - - 

-terpinene 1.45 1,059 1,062 - - - 

α-Pinene oxide - - - 0.43 1,105 1,095 

2-Norbornanol - - - 0.25 1,115 1,112 

Campholenal - - - 0.29 1,127 1,125 

Borneol - - - 1.07 1,168 1,165 

Terpin-4-ol 0.50 1,179 1,177 - - - 

α-terpineol 10.50 1,192 1,189 3.02 1,192 1,189 

α-Terpinyl acetate - - - 9.56 1,352 1,350 

α-Gurjunene 2.56 1,413 1,409 - - - 

Nopyl acetate - - - 0.24 1,423 1,424 

Aromadendrene 10.35 1,442 1,439 0.62 1,443 1,439 

Allo-aromadendrene 1.96 1,464 1,461 - - - 

Viridiflorene 1.59 1,498 1,493 - - - 

Ledol 0.99 1,564 1,565 - - - 

Spathulenol - - - 0.72 1,582 1,576 

Viridiflorol 4.12 1,588 1,590 0.65 1,588 1,590 
a Compounds listed in order of elution; b KI = Kovats Indices calculated; c KI of literature (ADAMS, 1995). 
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Fig. 1  (a) FTIR spectra of E. urograndis and E. dunnii 
EOs according to GC-MS analysis; (b) Cyclic 
voltammograms of E. urograndis (20 μL) and E. dunnii 
(60 μL) extracts in KCl (0.1 mol·L-1). Scan rate 20 mV·s-1. 

2.5 Biosynthesis of gold Nanoparticles Using 

Essential Oils 

Tests were performed by diluting 3.5 µL of chloroauric 

acid and 80 µL of the methanolic (1:1, v:v) EO solution 

(E. urograndis or E. dunnii) in 10 mL of ultrapure 

water. The resulted solution was kept under stirring and 

heated at 45 °C until the coloring changing from 

colorless to red wine, indicating the formation of 

AuNP. The change in color was observed within 15 

min. 

2.6 Apparatus 

Infrared spectra within the range of 4,000-475 cm-1 

in attenuated total reflection mode (FTIR ATR), were 

obtained using an FTIR Bruker Alpha-P spectrometer. 

All voltammograms were carried out at room 

temperature using a classical three-electrode cell 

connected to a potentiostat/galvanostat AUTOLAB 

302 N. The electrolyte solution was prepared by 

adding 20 µL of a methanolic solution of E. 

urograndis (1:1, v:v) in 25 mL of KCl (0.1 mol·L-1). 

For the E. dunnii extract it was necessary an 

electrolyte three times more concentrated to observe 

the anodic and cathodic peak. Therefore 60 µL of a 

methanolic solution of E. dunnii extract (1:1, v:v) was 

used to prepare the electrolyte in this case. The 

voltammograms were acquired in a potential range 

from -1.0 to +1.0 V at a scan rate of 20 mV·s-1, using 

Ag/AgCl as reference electrode and a platinum plate 

as working electrode and counter electrode. Synthesis 

of AuNP was monitored by UV-Vis spectroscopy 

using a Shimadzu UV-2425 spectrophotometer. The 

extinction spectra were recorded ranging from 475 to 

800 nm. 

3. Results and Discussion 

3.1 Characterization of Essential Oils 

FTIR spectra of the EOs E. urograndis and E. 

dunnii are displayed in Fig. 1a. As one can observe 

both EOs present similar vibrational bands 

characteristic of terpenes, which is the major 

component of both oils. The main difference between 

the FTIR spectra is a vibrational band at ca. 1,750 

cm-1 assigned to the stretch of carbonyl groups of ester 

present in α-Terpinyl acetate (axial deformation of the 

bond) [35]. This compound is absent in E. dunnii, 

although it is one of the major compounds in E. 

urograndis, as one can see in Table 1. 

The carbonyl groups may increase the antioxidant 

activity of the EO E. urograndis due to the high 

electronic density present in this group. In addition, 

the presence of this functional group in the molecular 

structure may allow higher stabilization of the 

nanoparticle due to electrostatic interactions. All these 

characteristics favour the formation of nanoparticles 
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with high stability, tuneable optical properties and 

pre-modified surface, allowing different applications. 

In order to compare the redox properties of the EOs, 

cyclic voltammograms were obtained from E. 

urograndis and E. dunnii in the electrolyte solution 

(Fig. 1b). As one can see, the anodic potential is 

almost the same for E. urograndis (ca. 0.37 V) and E. 

dunnii (ca. 0.41 V) and is close to others natural 

organic extracts described in the literature that also 

presented antioxidant activity [6]. However, a 

narrower anodic peak is observed for E. urograndis, 

and it is important to keep in mind the concentration 

of the EO in the electrolyte solution, E. urograndis is 

three times more diluted than E. dunnii electrolyte 

solution. These observations suggest a better 

antioxidant capability for E. urograndis, and a 

mechanism for electrons transfer evolving a lower 

variety of chemical species. 

3.2 Biosynthesis of Gold Nanoparticles 

The antioxidant property of the EOs was evaluated 

by probing their ability to promote the bioreduction of 

gold precursor. The formation of AuNP is easily 

monitored by colour changing of the solution from 

colorless to reddish, therefore optical measurements is 

a simple way to characterize the formation of AuNP 

[32, 36]. The extinction spectra obtained from 

colloidal solution of AuNP synthesized by reducing 

Au3+ cations with E. urograndis or E. dunnii EOs 

presented very distinct bands (Fig. 2a). These 

maximum extinction bands are assigned to the 

localized plasmonic excitation (resonance oscillation 

between electrons and incident light) and light 

scattering of AuNP (no extinction band was 

observed from the solution previously the synthesis) 

[36]. 

The presence and position of these bands are 

strongly dependent on shape, morphology and size 

distribution of the nanoparticles. For spherical AuNP 

a plasmonic absorption band is observed around 

520-580 nm. In smaller nanoparticles (< 2 nm) 

 
(a) 

 
(b) 

Fig. 2  (a) UV-Vis extinction spectra of colloidal AuNP 
solution synthesized with E. urograndis and E. dunnii EOs; 
(b) Normalized UV-Vis extinction spectra of AuNP 
synthesized with EOs and by conventional method (named 
standard). 
 

predominates quantum size effects presenting 

electronic properties of free electrons rather than 

electronic transitions from band to band or level to 

level. In larger nanoparticles (> 2 nm) the electronic 

effects (oscillating electrons) give rise to the localized 

plasmonic surface resonance described by Mie, 

Maxwell-Garnett and Drude theories and modeled by 

discrete dipole approximations (DDA) [37, 38]. 

The extinction bands at around 566 and 580 nm 

(Fig. 2) for AuNP synthesized with E. urograndis and 

E. dunnii EOs, respectively, are red-shifted related to 

AuNP synthesized with an conventional method (Fig. 

2b) [32, 39], suggesting the formation of larger 

spherical nanoparticles with different sizes 

distribution and population [40-42]. In addition to the 
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band position, other divergences were also observed in 

the plasmonic band, such as intensity (3 times higher 

to E. urograndis) and full width at half maximum 

(FWHM, ca. 103 and 171 nm for E. urograndis and E. 

dunnii, respectively). These results suggest that E. 

urograndis presents better antioxidant capacity, 

leading to a high population of AuNP with lower size 

distribution. We assume that the mechanism for the 

growth and stabilization for the AuNP is guided by the 

higher antioxidant activity of E. urograndis EO, once 

this enlargement was not observed for E. dunnii. The 

highest capability of reducing Au3+ to Au0 was 

previously related to the highest antioxidant activities 

of flavonoids and phenolic acids [43]. 

These results are in accordance with the 

electrochemical analysis, suggesting a better antioxidant 

activity to E. urograndis. The compositions of the 

EOs suggest a higher antioxidant activity due to the 

higher concentration of terpenes (a difference of ca. 

20 %), such as α-pinene and 1,8-cineole, in addition to 

the presence of α-Terpinyl acetate. These compounds 

may have a crucial role in the mechanism for 

nucleation and stabilization of AuNP. A mechanism 

was proposed by Singh et al. for the growth of AuNP 

by oxidation of 1,8-cineole, where Cl from AuCl4
- 

reacts with α-H of 1,8-cineole. Next, oxygen in water 

molecule (solvent) reacts with Au3+ bond in 

1,8-cineole, leading to an Au-O bond. Following, -OH 

bond in the ring attacks on C, giving its bond pair to 

Au, reducing Au3+ to Au0. As consequence a C=O 

bond is formed [44]. Therefore, both, the molecular 

structure and the amount of the major component are 

responsible for the higher antioxidant capacity of E. 

urograndis compared to E. dunnii. 

One of the main advantages of the proposed 

methodology is that using the extract from the leaves 

of Eucalyptus due to the simplicity compared to 

methodologies where the whole extract or plant tissue 

is used; in addition, the methodology is readily 

scalable and relatively less expensive than methods 

based on microbial process [45-47]. 

4. Conclusion 

AuNP were synthesized using reducing agents 

obtained from abundant natural resources available 

around the world. The source of the plant extract 

contains different concentrations and combinations of 

organic reducing agents, that may  act both as 

reducing and stabilizing agents and therefore influence 

the characteristics of the nanoparticles. Using an EO 

containing high concentration of α-terpinyl acetate 

resulted in narrower size distribution due to the fast 

nucleation process. Once narrow size distribution of 

nanoparticles is fundamental for applications we 

believe this work will be helpful for the scientific 

community. In addition, the proposed methodology is 

simple with a low cost allowing obtaining the AuNP 

with a single-step environmentally friendly method, as 

the synthesis is rapidly performed at low temperature 

using no harmful chemicals. 
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