I1.b) Frecuencia de modulacién de la amplitud conocimiento cientifico, sino también su caracter de subordinacion al
Ill.b.1) Experimento: Se procedi6 igual que en los casos anteriores, peexperimento en el marco interpretativo del cuerpo tedrico.

midiéndose el periodo sélo una vez. El experimento se repitié cinco vecesl.a experimentacion en fisica es una actividad de gran valor didactico, se
calculdndose el valor del periodo promedio y su correspondiente ersostiene que el disefio de actividades en las que aparezca en forma explicita

relativo. el objetivo de contrastar modelos teéricos con resultados experimentales
Valor promedio del periodo de modulacion de la amplitud: deberia presentarse con mayor frecuencia en los cursos de fisica
amplitud exp, = (29+0,1) s universitaria.

Frecuencia angulalV ampitug exp = (2,166 * 0,07) §
- ' L . . AGRADECIMIENTOS
I1l.b.2) El modelo tedrico: Dadas las condiciones de trabajo del sistema se ste trabajo ha sido realizado en el marco de los proyectos: CAID2005/
calcularon tedricamente los valores correspondientes al periodo y_| ) i :
frecuencia de modulacién de la amplitud, sabiendo que la frecuencia 06-32 UNL; PICT 04-13646-BID 1728/0C-AR-UNL; CAID2005/
modula la amplitud es: 06-31 UNL. Argentina. . . »
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Wamplztudlez, resultando en este cashumpiug teorica
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Solvent free essential oil extraction. A simple and rapid approach to microwave
hydrodistillation
Rapida extraccion de aceites sin solvente. Un simple acercamiento a la

hydrodestilacién por microondas
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Abstract Resumen

Alternative methods of microwave assisted distillation for use in the extraction M#todos alternativos de destilacion asistida por microondas para el uso en la extraccion
essential oil from citrus fruits have been investigated. Two routes that offer ttie aceites esenciales de citricos han sido investigados. Dos rutas, que ofrecen la
possibility of significantly enhancing the extraction process are described and thewsibilidad de realzar considerablemente el proceso de extraccion son descritas y su
applicability for use within secondary and tertiary level courses has been appraisegblicabilidad para el empleo dentro de cursos de segundo y tercer nivel ha sido
The systems take advantage of domestic microwave oven configurations and cavebl®ada. El sistema aprovecha las configuraciones de microondas domésticos y
readily adopted using conventional laboratory equipment. No modification of tHacilmente puede ser adaptado usando el equipo convencional de laboratorio. Ninguna
microwave cavity is required and the processes have been shown to provide a rapiddificacion de la cavidad del microondas es requerida y el proceso ha resultado ser
efficient and, importantly, a solvent free method of extraction. rapido, eficiente y lo mas importante, un método de extraccion sin solvente.

Key wordsmicrowave, essential oil, imonene, extraction, green chemistry Palabras clavemicroondas, aceite, extraccion, quimica verde.
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INTRODUCTION

The use of microwave ovens in the chemistry laboratory has increased
dramatically in recent years and has successfully emerged from its re-
search origins to commercial applicationa(Biva et al, 2006; Kappe,

2006; Nget al.,1999; SabLer et al, 2003; WLkeNBERG et al, 2005). The
undergraduate teaching laboratory has largely kept pace with many of the
developments in the technology and new experiments can be routinely
found within the educational literature. Enhancements to organic prepara-
tions (GoLeman, 2006; kscHER & Fremag, 2006; Katritzky et al, 2006;
MonTes et al, 2006; MisioL et al, 2006; Rssini et al, 2004), sample
digestions (Reeman & McCurpy, 1998; Gtz et al, 2000; SEFFIELD &

NaHIR, 2002; TompPsoN & GHapiaLl, 1993) and green chemistry AB\DIR

& Konig, 2002; Dntzner et al, 2006; Eper & Holtz, 1996; Wiite &
KitTrepcg, 24) demonstrations tend to predominate and effectively mirror
advances from the research community. One area where the technology
has failed to transfer however lies in the use of microwaves for the extrac-
tion of essential oils (Enc et al, 2006; ErHaT et al, 2006; WG et al,

2006; ¥e et al, 2006). The latter is routinely used within research applica-
tions providing significant improvements in extraction time, yield and
quality. The latter could prove to be invaluable within both the secondary
and tertiary teaching environment where it offers the possibility of co
muting the time-consuming distillation step to something that can
achieved within a matter of minutes. The main drawback to the adoption
the technique lies in the fact that the condenser and receiver must lie %% SO e ; ] : .
with the oven cavity and has hitherto required substantial modification §f°ng: 9. internal steam vent; 10. external steam vent; 11. iced receiver
the domestic oven found within most teaching laboratories. Health afgntainer.

safety considerations and the possibility of microwave leakage have effec-

tively prevented the adoption of this technique within the educational S&Gcape of steam. These are spatially offset, as indicated in the Figure 1B,
tor. The present communication has sought to explore a number of averyigs that there is no leakage of microwave radiation. It is therefore possi-
through which microwave distillation could be achieved within a converhie to exploit this feature as a conduit through which the steam could be
tional oven without compromising the integrity of the shielded oven comfransported to an external condenser. The flexibility of the tubing allows it
partment and hence would retain the necessary health and safety comglhe threaded neatly through the casing without requiring the mechanical
ance. _ _ _ _ modification of the oven shielding. It is then connected to a standard
The extraction of limonene from citrus fruit was used as the modghndenser in much the same way as the Clevenger system but without the
system given that it represents an established undergraduate experim@g for the side arm. Silicone was used in preference to PVC tubing as the
from which technique comparisons could easily be drawsrii€& &  former has a wide temperature stability (>2Dpthat ensures that the

GarigaLDl, 1994; Wiuavs & Pierce, 1998). This is an important show- channel cross section is not altered as a consequence of transporting what
case practical with the increasing interest in the chemistries that surroy@iff effectively be superheated steam.

natural product, nutraceutical and aromatherapy health treatments (W .
& WELLER, 2006). The processes of extraction, purification and characteflternal Condensing System
sation have important resonances across a variety of curricula that exten@ur strategy in this instance has been to develop a process that exploits
from secondary school to undergraduate and masters level programntles.differential heating of sample and collection vessels such that the trans-
In principle, it is sufficiently robust to be a candidate for use as a demder from one to the other can be achieved directly within the oven cavity.
stration tool at the secondary level. In practice, steam distillation of tfidis would present a much neater arrangement for the laboratory environ-
product can be laborious and requires both patience and vigilance on rient - reducing the complexity of the arrangement whilst possessing a
part of the experimentalist and students will certainly struggle to completénimal bench footprint. The basic schematic of thesitu distillation
the whole process within an hour. Accommodating the experiment withgystem is detailed in Figure 1C. There are three distinct components: a
the more stringent limitations of a secondary school timetable will rarely Bample vessel; a dual entry conical flask that serves as a secondary foam
possible. The contextual merits of the experiment are clearly significamap and, finally, a collection vessel shrouded with ice and which contained
and, as such, we had sought to explore the possibility of accelerating &hemall quantity of iced water. The receiver is again connected to the trap by
extraction stage. Our target was the transformation of the process — prepaans of silicone tubing - the end of which is immersed directly within the
ration to characterisation - such that it should easily be completed witliae water.
one hour and hence would be suitable for use at the secondary level. It could be anticipated that microwave heating would result in the rapid
boiling of the sample with the steam carrying the limonene beyond the trap
EXPERIMENTAL METHODOLOGY before condensing in the iced water of the receiver. The latter will also start
There should be little surprise in the fact that the rapid heating character-heat in the course of the experiment but, providing the timescale is
istics of the domestic oven provide an ideal means of generating stesuificiently restricted (less than 5 minutes), should continue to catch the
The condensing component of the distillation process is unfortunatdijnonene product. If microwave irradiation continues unchecked, then the
negated by the very same attributes unless it is possible to transfer réeeiving solution will start to boil and effectively vaporise the product
steam outwith the oven compartment where it can subsequently conden#hin the receiver - compromising the potential yield.
without being affected by the continued microwave irradiatioth.hdc Sample Preparation
modification of the oven is often necessary to accommodate a Clevenger ) . . . .
type collection system as indicated in Figure 1A. The physical breachSamples of citrus fruit (orange, lime or grapefruit) were homogenised
required to fit the associated quickfit® connector through the top of tig @ conventional food liquidiser along with 200 mL of deionised water.
oven casing presents the most immediate problem in terms of safety. resulting suspension was then transferred to a 500 mL Buchner or

examined two alternatives to this approach in which the physical modifi¢gundbottom flask and placed within the oven cavity. The flask was sub-
tion of the oven structure could be avoided. Jected to irradiation (800 W) for an appropriate period depending on the

i approach taken. The extract (oil and hydrosol) was collected in the receiver

External Condensing System and then analysed using conventional instrumental (GC-FID, GC-MS,
This first approach is little more than an adaptation of the conventiofdMR) and bench (tlc) techniques.

research system in which the steam is generated within the microw
cavity andysubsequently condenses outgside the oven. In this instaﬁ%&,suu—s AND DISCUSSION
narrow bore silicone tubing was used to facilitate the transport of the steanin both approaches, the citrus oil was liberated and could be clearly
through the existing ventilation holes inherent to the oven design as shadentified within the receiving collection tube as indicated in Figure 2. This
in Figure 1B. Almost all domestic ovens have ventilation holes to allow theuld be easily separated without the need for secondary solvent extraction

rE:ggure 1. Options available to microwave assisted hydrodistillation. Com-
Qﬂ:nents: 1. sample vessel; 2. Clevenger side arm; 3. condensor; 4. sample
ceiver; 5. hydrosol (aqueous) layer; 6. il layer; 7. foam trap; 8. silicone
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and hence could be considered to be a valuable showcase demonstr&iBLIOGRAPHY

for “Green Chemistry” procedures. Gas chromatographic analysis (Fig%ﬁmm, M.; Konig, B. Sustainable chemistry in education and rese&iesenius
3) of the resulting oil is consistent with that extracted by conventional ' gpironmental Bulletin11, 736-742, 2002.

steam d'.St'”at'on methods or so_Ivent extraction. . . CoLeman, W. F. Microwave-assisted heterocyclic chemisinghem Educ83, 621A,
The oil was extracted after little more than 5 minutes of microwave 2006

irradiation with whole process, from sample preparation to extract, easj . .
accomplished within 30 minutes. As such, it allows for an introducto SrnL\ilér’t)vl\zl;al\I/DéYO\IZ’?]Rfrgr?sg/s.t;i’figtics);wrfe/;c:\iﬂc;ngi‘o?LJrYa(eAr(jr:ﬁttJI;gnacli gg;(e::l:;ysis
explanation and the subsequent characterisation of the product within a Quimica Nova 29, 376-380, 2006.

conventional laboratory practical session. The main difference between the ; ) . - -
ISHER F.; RReimaG, R. Microwave-induced chain transfer polymerization of a stimuli-

two approaches detailed in Figures 1B and 1C relates to the amoun . . Lo }
material that can be extracted. The external condensing system allows responsive polymer and determination of its critical solution temperdtQfgem

prolonged extraction and hence a more significant yield of oil. The power Edug 83, 447-450, 2006. o
output of the oven must be lowered after the flask has begun to boilR§e: C- H.; 3, J., L, N Yu, Y. 3. Duan, G. L.; Ziane, X. M. Fast determination
prevent excessive frothing and carry over of the plant material into the of_curcumol, cu_rdlone and germacrone in three species pf Curcuma} rhlzomes_by
receiver. The latter can be prevented by the addition of small external trap microwave-assisted extraction followed by headspace solid-phase microextraction
prior to the steam reaching the condenser. and gas chromatography-mass spectroméatry;nal of Chromatography,A117,
The yield attainable from thie situ configuration, in contrast, is limited 115-120, 2006. ‘ . ‘
to the time taken for the iced receiver to melt. In the experiments detaifé§iTzver, M. R., Wucka, P. R.; Lvons, T. W. Microwave-assisted synthesis of a
above - whole fruit extraction was used and it is likely that the yield of oil ~natural insecticide on basic montmorillonite K10 clay - Green chemistry in the
will vary depending on fruit variety, age and the intensity and duration of undergraduate organic laborataly.Chem. Edud3, 270-272, 2006.
the irradiation. Given the peel from a common orange cultivar - 0.07 g Bfoer, J. W.; Houtz, K. M. Microwave microscale organic experimedt€hem Educ
oil per g of peel could typically be extracted using a domestic 800 W oven 73 A104-A105, 1996.
operating over a period of 5 minutes. The percentage recovery of limonérexar, M. A.; MekLati, B. Y.; Suapsa, J.; Giemat, F. An improved microwave
(based on 0.5 g of the commercial product  Clevenger apparatus for distillation of essential oils from orange Jmehal of
spiked into 100mL deionised water) was 40% -  Chromatography A1112 121-126, 2006.
again for a typical 5 minute irradiation period. Freeman, R. G.; McCuroy, D. L. Using microwave sample decomposition in
The recovery can obviously be improved by  undergraduate analytical chemistly,Chem. Educ75, 1033-1034, 1998.
the use of consecutive ice receivers but, folGarner, C. M.; GarigaLoi, C. A microscale isolation of limonene from orange peels
normal teaching purposes, the quantities attain-  j Chem Educ71, A146-A147, 1994
able in a single run are generally sufficient for agoirz, D. M., Hawt, T.; Grant, A.; Seasrg E. Teaching sample preparation in the
host Of_ follow up experiments whether classi- undergraduate laboratory,Chem Educ77, 1486-1488, 2000.
cal or instrumentation based. Kappg, C. O. The use of microwave irradiation in organic synthesis. From laboratory
curiosity to standard practice in twenty yeajmia 60, 308-312, 2006.
KaTtrITZKY, A. R.; Cal, C. M.; GoLuins, M. D.; SRriven, E. F. V.; S\GH, S. K.;

. I BarNHARDT, E. K. Incorporation of microwave synthesis into the undergraduate

Figure 2. Example extract (orange oil) high- o onic jaboratoryg Chem Educ3, 634-636, 2006.

“ghtmg the separation of oil and aqueousMONTES, I.; SanaBrIA, D.; Garcia, M.; CasTro, J.; FAJArRDO. A greener approach

layers. to aspirin synthesis using microwave irradiatidnChem. Educ83, 628-631,
2006.
MusioL, R.; Tyman-Szram, B.; PoLanski, Microwave-assisted heterocyclic chem-
istry for the undergraduate organic laboratory, J Chem E88c632-633, 2006.
Ng, L. T.; GHiA, L. H. L. Practical microwave curing studies for undergraduates
§ Polymer International48, 952-955, 1999.
8 ‘ H Rosini, F.; Nascentes C. C.; NoBreca, J. A. Microwave-assisted experiments for
& P Figure 3. GC-FID analysis of undergraduate course3uimica Nova27, 1012-1015, 2004.
g ) citrus oil obtained through mi- SxerrieLp, M. C.; NaHir, T. M. Analysis of selenium in Brazil nuts by microwave
z ey crowave extraction and com- digestion and fluorescence detectidrChem Educ79, 1345-1347, 2002.
2 L .:lE, Red Graperuitoil  parison with a commercial li- SrabLer, A.; Youser, B. H.; DaLLinGeR, D.; WALLa, P.; Van DEr Evcken, E.;
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CONCLUSIONS WanG, Z. M.; DG, L.; Li, T. C.; ZHou, X.; Wan, L.; Zrane, H. Q.; Lu, L.; L,

There is little doubt that microwave assisted distillation can facilitate the Y.; L, Z. H.; Wane, H. J.; Zng, H.; He, H. Improved solvent-free microwave
rapid and efficient extraction of plant oils. The approaches investigated in extraction of essential oil from dried Cuminum cyminum L. and Zanthoxylum
this communication have shown how the techniques can be readily adapted bungeanum MaximJournal of Chromatography 4102 11-17, 2006.
for use within both the secondary and tertiary sectors with minimal techmirire, L. L.; Kittreneg, K. W. A microwave-assisted reduction of cyclohexanone
cal requirements beyond those available within the traditional laboratory using solid-state-supported sodium borohydriti€&hem Educ82, 1055-1056,
environment. The integrity of the oven housing is retained and presents no 2005.
safety risk to staff or students beyond the normal COSHH regulationgiuavs, K. R.; Rerce, R. E. The analysis of orange oil and the aqueous solubility
The techniques have been demonstrated with a variety of citrus oil systems of d-limonene - Two complementary gas chromatography experime@isem
and have shown that solvent free isolation can easily accommodated - asgdug 75, 223-226, 1998.
either a hands on practical or showcase demonstration - within ever restfigs «engere, S. E.: Sipe, W. D.: Linpstey, C. W.: Guare, J. P.. Rwiuczvk, J.
tive timetabling. The techniques are generic and could readily be applied t0 \_appiications of microwave-assisted organic synthesis on the multigram scale,
other plant material and offer a versatile route through which to adapt or cyrrent Opinion In Drug Discovery & Developme8f 701-708, 2005.
extend the process to fit the requirements of particular courses and OME-H.: 3, 3.; Dene, C.: Yao, N.; Li, N.; Zuane, X.M. Rapid analysis of the

ricula. essential oil of Acorus tatarinowii schott by microwave distillation, SPME, and
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