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APRESENTAÇÃO

O e-book: “O ensino e a pesquisa em química” volume II é constituído por quinze 
capítulos de livro que foram reunidos em três grandes áreas temáticas, a saber: i) química 
analítica: determinação, otimização e validação; ii) desenvolvimento de adsorventes e 
catalisadores para remoção de diferentes classes de contaminantes e aplicação industrial 
e iii) temas diversos.

A primeira temática é constituída por seis capítulos e apresentam diversos estudos, 
entre os quais: i) determinação quantitativa de glicazida em comprimidos e os problemas 
provenientes do uso de comprimidos pelo sistema de partição não homogêneo; ii) a 
determinação de Hidrocarbonetos Policíclicos Aromáticos (HPAs) empregando-se a técnica 
de voltametria; iii) a validação de um sistema fotocolorímetro em análises para o ensino 
de química na Universidade Tecnológica de Gutiérrez Zamora na cidade de Vera Cruz 
no México;iv) a iportância da otimização para melhor entendimento dos estudos cinéticos 
em uma reação de hidroalogenação; v) a triagem fitoquímica e análise de propriedades 
antioxidantes e vi) avaliação de estruturas metálicas orgânicas como fase estacionaria em 
Cromatografia Liquida de Alta Eficiência (HPLC).

A segunda temática é composta por cinco capítulos e apresentam: estudo de revisão 
que demonstram: i) o potencial de extração de fósforo em efluentes líquidos;  ii) estudo de 
Montmorilonita como potencial adsorvente e aplicação em sistemas de fluxo contínuo e 
iii) avaliação e estudo de diferentes catalisadores para remoção de inúmeras classes de 
poluentes em matrizes aquáticas e reforma do etanol com vapor d’água.

Por fim, a terceira temática que apresenta quatro diferentes estudos que contemplam 
a corrosão obtida por pulverização de gás frio, a importância e utilização de supressores 
de poeira na mineração, preparação de nanopartículas poliméricas enriquecidas com 
óleos essenciais poliméricas e estudo de revisão das propriedades químicas da série de 
lantanídeos.

Nesta perspectiva, a Atena Editora vem trabalhando por meio do incentivo de 
publicações de trabalhos de pesquisadores de todas as regiões do Brasil e de outros 
países com o intuito de colaborar com a publicação de e-books e, consequentemente, 
sua divulgação de forma gratuita em diferentes plataformas digitais de fácil acesso. Logo, 
a Atena Editora contribui para a divulgação e disseminação do conhecimento cientifico 
gerado dentro de instituições de ensino e pesquisa e que pode ser acessado de qualquer 
lugar e em tempo real por qualquer pessoa interessada na busca pelo conhecimento.

Cleiseano Emanuel da Silva Paniagua
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PREPARATION OF SUB-50 NM POLYMERIC 
NANOPARTICLES LOADED WITH ESSENTIAL OILS

Hened Saade Caballero
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https://orcid.org/0000-0002-5105-4397

ABSTRACT: Polyester (PS) and poly (methyl 
methacrylate) (PMMA) nanoparticles (NP) loaded 
with lavender oil were prepared (LO) the first and 
jasmine (JO) the second. The method used was 
semi-continuous heterophase polymerization in 
the presence of the oils, which allowed to obtain 
NP of PS-LO with average diameters of 16.1 nm 
and of PMMA-AJ of 27.1 nm. These sizes were 
determined by the quasi-elastic light scattering 
(QLS) technique. The NP-oil content in the final 
latexes were 30.8% in the polymerizations in 
the presence of lavender oil and 31.1% in those 
carried out with jasmine oil. The oil contents in 
the NPs were 26.5 and 22.5% for the PS-AL and 
PMMA-AJ NPs, respectively.
KEYWORDS: Polymerization, essential oils, sub 
50 nm.

INTRODUCTION
Essential oils have been the subject 

of numerous studies to achieve their loading 
in nano and micrometric structures with the 
purpose of protecting them and prolonging 
their release period [1]. The methods for the 
preparation of microstructure oils are already 
well established and many of them are already 
being commercialized. This is not the case for 

nanostructures-oils, mainly due to the difficulties 
to obtain diameters smaller than 50 nm by 
means of conventional methods. We present 
here the results of a study of the preparation 
of PN from LO-loaded PS and from PMMA 
loaded with JO whose average diameters are 
substantially less than 50 nm, by a method of 
polymerization, PHSC, which makes it possible 
to obtain polymeric nanoparticles with extremely 
small sizes [2, 3].

DISCUSSION OF RESULTS
Table 1 shows the results obtained in 

the polymerizations carried out in the presence 
of essential oils. The Final conversions are 
relatively high; the highest value, close to 90%, 
corresponds to styrene polymerization (St) 
in the presence of LO. Both polymerizations 
allowed to obtain nanoparticles with average 
diameters number (Dn) very little ones. The NP-
PS-LO have a Dn value of 16.1 nm, while the 
NP-PMMA-JO are slightly higher, with a Dn of 
27.1 nm.

At the end of the polymerizations, the 
latexes obtained are homogeneous and stable, 
without phase separation; this rules out the  
possibility of formation of an oily phase in which 
the oil that had not been trapped in the particles. 
This stability has been maintained for at least 12 
weeks. Based on this observation, all the oil in 
the the formulation used would be contained in 
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the nanoparicless, representing 26.5% w in those of PS-LO and 22.5% w in the PMMA-JO.
In turn, the NP-PS-LO would represent 30.8% p in the final dispersion, while the 

NP-PMMA-JO would be 31.1% p of the corresponding dispersion. It should be noted that 
these values   are lower than those typically obtained in dispersions aqueous with much 
larger particles. However, there is no known background in the literature on the preparation 
of nanoparticles polymeric oils loaded with essential oils as small as those reported here. 
Figure 1 shows the distributions of particle diameter corresponding to the NP latex of PS 
loaded with LO and PMMA loaded with JO. It is evident in the distributions shown that latexes 
contain a single population, which would correspond to that of oil-loaded nanoparticles.

Polymerization Conversion (%) Dn (nm) Content of
particles in latex (%)

Oil content in particles 
(%)

St- OL 89.0 16.1 30.8 26.5
MMA-OJ 80.7 27.1 31.1 22.5

Table 1. Results of the polymerizations carried out in the presence of LO and JO.

Figure 1. Frequency in number of latex particle diameters of: (a) NP-PS-LO and (b) NP-PMMA-JO.)

MATERIALS
Sodium dodecyl sulfate (SDS) (98.5%) and ammonium persulfate (APS) (99%) were 
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purchased from Sigma-Aldrich and used as received. Styrene (St) and Methyl Methacrylate 
(MMA), also purchased from Sigma-Aldrich, were distilled under reduced pressure and 
stored at 4 ° C. The water used was tri-distilled grade deionized.

METHODS
The polymerizations were carried out in a 150 mL jacketed glass reactor with a 

reflux condenser and stirring mechanics. The 2 types of polymerizations were carried out in 
duplicate, at 50 ° C and 650 rpm of stirring. The procedure Generally, it consisted of loading 
the aqueous solution containing the surfactant and the initiator into the reactor; then start 
stirring and passing argon for 1 hour to displace the oxygen present. Then, 10 min before 
ending the argon treatment, start heating the system to reach the reaction temperature, 
which is achieved just at the end of the degassing. The reaction begins when starting 
the dosage of an organic solution composed of the main monomer (St or MMA) and the 
essential oil.

At the end of the dosage, which lasts approximately 3 hours, there is an additional 
reaction period of 2 hours. In Table 2 the formulations used in the study are shown. To 
determine the particle size, a Malvern Zetasizer Nano-ZS90 light scattering equipment 
operated at 25 ºC. Prior to measurement, the latex samples were diluted 50 times in water.

Compounds Water SDS APS St MMA LO JO

Polimerization
St-LO

91.4 4.5 0.1 19.1 -- 10.3 --

Polimerization
MMA-JO

94.1 3.7 0.1 -- 18.7 -- 8.9

Table 2. Formulation in grams in the polymerizations carried out in the study.

CONCLUSIONS
The semi-continuous heterophase polymerization method made it possible to prepare 

nanoparticles of PS and PMMA loaded with lavender and jasmine oil, respectively with 
average diameters substantially less than 50 nm. Besides the protection that the polymeric 
matrix provides to the oils, it is thought that the small size of these nanostructures It will 
prolong the release time of the essences, compared to that characteristic of microparticles 
loaded with oils.
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