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Microwave radiation strategies
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Abstract

A key element of planning an experiment involves assessing the hazards and
potential risks associated with the chemicals and laboratory operations to be
performed (NRC, 1995). Thus, efforts have been carried out in order to reduce
or eliminate the undesirable component of chemical activities: the production of
toxic wastes. This has resulted in the development of greener, yet efficient,
procedures on the bench or industrial scale. During the development of a new
analytical procedure, the amount and toxicity of the produced wastes are as
important as any other analytical feature and some work has been focused on
the development of methods less harmful to humans and to the environment
(Rocha et al.,, 2001). Nowadays, analytical methods are well established for
environmental monitoring. However, a paradoxical situation has emerged
because most of the analytical methodologies employed to investigate
environmental problems generate chemical wastes, resulting in an
environmental impact. In some circumstances, the chemicals employed are
even more toxic than the species being monitored (Anastas, 1999). However,
new technologies combining minimization of residues and efficiency of
analytical process are being developed.

The applicability of most methods of analysis depends on quantitative
conversion of solids to homogeneous solutions. Conventional wet-sample
preparation methods for the decomposition of solid samples are usually carried
out in vessels containing the sample and a large volume of concentrated
reagent(s), typically 15 to 100 ml. This mixture is heated for several hours using
hot plates, heating mantles, or ovens. This type of open-vessels digestion has
many drawbacks, such as the use of large volumes (and multiple additions) of
reagents, potential for contamination of the sample by material and laboratory
environment, and the exposure of the analyst and work area to corrosive fumes
(Richter, 2003). To avoid these problems, new dedicated and more safety
microwave ovens especially devoted to laboratory applications were developed,
and sample preparations procedures using microwave radiation have been
proposed. The number of publications increased significantly proving that
microwave radiation can be used in different fields of chemistry, such as organic
synthesis, organometallic compounds synthesis, inorganic compounds, and
catalysis. The progresses in sample preparation field can be observed in a
recent compilation (Gaia, 2006). Closed-vessel microwave decomposition has
several unique characteristics that have led analysts to reduce the source of
errors and contributions to the analytical blank that were previously obscured by



lengthy sample preparation procedures, and a drastic reduction in the analysis
time and reagents consumption is verified (Richter, 2003). Microwave
technology was also applied for developing focused microwave ovens. Although
less frequently used comparatively to cavity-microwave ovens, there are many
analytical procedures that can be better and safer implemented using focused
systems, such as the digestion of large masses of samples (Nobrega et al.,
2002).

In this work, it will be presented some sample preparation procedures
developed using microwave radiation, focusing the reduction of generation of
residues, and also looking for improvements in the quality of results. The
following procedures will be discussed: a) use of diluted acids as oxidant
reagent. As an example, it was demonstrated that plant samples can be
efficiently acid-digested in a closed-vessel microwave system with the use of
diluted acid, producing less residues than when using concentrated nitric acid
(Araujo et al., 2002); b) use of vapor phase digestion in focused microwave —
the single vessel approach was exploited (Nobrega et al., 2002; Araujo et al.,
2000; Trevizan et al., 2003); c) evaluation of the microwave radiation associated
with photo (MW-UV) and photo-Fenton process for organic compound
degradation (Gromboni et al., in press);, d) alternative methods in nutritional
laboratories, such as fiber determination in neutral and acid detergent (NDF and
ADF), by using nylon bag technology (Nunes et al., 2005); e) soil and plants dry
matter determination by microwave radiation — the soil drying in greenhouse
(method normally used) requires at least 12 h for complete dehydration, while
only about 10 min is necessary by action of microwave radiation. For forage
crops and silage samples, the drying time in greenhouse at 105°C is about 12 h
and at 65°C, around 72 h; however, this process can be performed using
microwave radiation in 14 min (Souza et al., 2002); f) gradually adding sample
aliquots to hot concentrated acid — this strategy decreases the amount of acid,
and simultaneously increases the sample volume that can be digested
(Nobrega et al., 2002). Owing to the particular characteristic of microwave
energy, it presents a great capacity for applications in different areas of
chemistry. The control and repeatability of microwave digestions and
separations reduce the operator dependency and improve analytical precision.
The control of conditions reduces the number of artifacts generated by
traditional methods, reducing analytical interferences and improving some
traditional operations in chemistry (Kingston, 1997). Chemists are becoming
increasingly aware of the versatility of this energy source. The use of microwave
radiation in analytical methods has contributed to greener analytical chemistry,
but there is a long road ahead and the potentialities have not been fully
exploited, since only some 10% of the laboratories in the world are equipped
with laboratory-designed microwave ovens (Collins, 2001). In a general point of
view, it can be affirmed that microwave-assisted heating provides faster and
safer decompositions compared to conventional heating. Otherwise, it is not a
panacea for all energy needs in laboratories. Understanding how microwave
energy can enhance chemical reactions or separations is important in deciding
when and where it is the choice as the energy source.
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