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Abstract  The extraction of eugenol from cloves is a frequent experiment in organic chemistry labs at the 
sophomore level. In this paper, the commonly used steam distillation procedure has been modified to use microwave 
extraction. This change resulted in a simplified procedure, a reduction in the amount of sample required, and an 
increase in the efficiency of the extraction of eugenol from dried cloves. These modifications led to reduction of 
waste and energy use. Variations of the solvent composition, solvent volume, and amount of cloves were tested. It 
was found that a 50/50 v/v mixture of ethanol and water with whole cloves produced satisfactory results at the 
undergraduate laboratory level for the selective extraction of eugenol with 1g of whole cloves in less time than steam 
distillation. 
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1. Introduction 

Of all the experiments routinely performed in organic 
chemistry labs, those involving the extraction of essential 
oils from vegetable matter have been part of the repertory 
of chemical educators for many years; the extraction of oil 
from cloves is a classic example. Not only does the extract 
of cloves have a pleasant smell, but also direct practical 
applications as a flavoring agent, antioxidant [1], antifungal 
agent [2], local anesthetic [3], and nutraceutical [4]. 
Procedures for the steam distillation of oil from cloves 
abound [5,6] and several modifications such as extraction 
with liquid carbon dioxide [7], and extraction using 
pressurized hot water with a commercial espresso machine 
[8] have been recently described. Both studies attempt to 
circumvent the use of steam distillation, and aim to design 
a greener version of the experiment. Steam distillation  
is time consuming, requires large amounts of starting 
material, and the use of distillation equipment as well as 
hot plates or heating mantles.  

A recent paper compares several methods for the 
extraction of eugenol from cloves, including steam 
distillation, soxhlet extraction, and microwave-assisted 

extraction [9]. Using the existing procedures, oil of cloves 
is isolated which must then be subjected to an acid-base 
extraction in order to separate its two components: eugenol 
and acetyleugenol (Figure 1). Alternatively, the mixture of 
eugenol and acetyleugenol can be analyzed using gas 
chromatography. In this paper a simplified procedure is 
described for the extraction of pure eugenol from cloves in 
good yields using a microwave. The choice of an 
appropriate solvent system allowed for the selective 
separation of eugenol, without traces of acetyleugenol. 
This represents an advantage over existing extraction 
methods, since it eliminated the need for separation of the 
two components of clove oil after the extraction. Compared 
to the original steam distillation, the modifications presented 
here make it possible to complete the experiment in less 
time, using reduced amounts of reagents, and generating 
less waste.  

Recent articles describe the use of microwave ovens  
in the undergraduate laboratory [10,11] and highlight the 
convenience and time savings associated with microwave 
methods. This microwave technique not only extracts the 
essential oils at a low enough temperature to prevent 
decomposition, but the microwave’s lower energy demand 
makes it a greener alternative to existing methods. In the 
experiment presented here, switching from distillation to 
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microwave extraction made it possible to simplify the 
procedure since it reduced the need for further purification. 
Batch processing of students’ extraction mixtures was 
accomplished using a sample carrousel, and the design of 
that carrousel was adaptable to a varying number of 
samples. Due to the efficiency of this method, smaller 
sample sizes and solvent quantities can be used while still 
extracting enough eugenol for characterization by infrared 
spectroscopy (IR).  

In addition to the experimental development, a  
student-generated video [12,13] was produced describing 
the use of the microwave equipment to novices. The video 
is short and can be viewed as part of the pre-lab 
preparation or in the lab prior to use of the microwave 
[14]. It can be accessed using an embedded link in the 
experimental procedure, or on-demand by scanning a 
barcode placed on the instrument. 

 

Figure 1. Structures of eugenol and acetyleugenol, major components of 
clove oil 

The main pedagogical goal for this experiment was to 
isolate a natural product using a microwave-based 
extraction technique. Students were expected to perform 
sequential solid-to-liquid and liquid-to-liquid extractions 
in order to obtain eugenol from cloves. This exercise 
would provide them with experience in the laboratory use 
of microwave heating technology.  

2. Procedure 

2.1. Method Development 
The microwave extraction method development was 

done by undergraduate students as part of a summer 
research project. Initially optimal solvent composition was 
determined by varying the water-to-ethanol ratio, as well 
as testing pure dichloromethane. As summarized below in 
Table 1, the 50/50 ethanol/water mix worked best for this 
application. It not only produced better yields compared to 
the other solvent mixes, but it also produced a better yield 
than the steam distillation method, i.e. an average of  
12.6 ± 0.1% versus 10.1% for steam distillation. This 
solvent mix had the added benefit of extracting only the 
eugenol, thereby eliminating the need for a subsequent 
acid-base extraction to isolate it from the acetyleugenol, as 
would have been needed if the sample were obtained by 
steam distillation. The liquid-liquid extraction required  
for the isolation of eugenol can be completed using 

dichoromethane or n-pentane. Yields are better with 
dichloromethane, but since n-pentane is a safer solvent 
and the amounts isolated are enough for IR characterization, 
we suggest it as a viable alternative. 

Table 1. Solvents and solvent mixtures tested for optimization 

Solvent for 
microwave 
extraction 

Solvent for 
eugenol 
isolation 

Average % 
yield 

Acetyleugenol 
detected via IR 

50% aqueous 
ethanol dichloromethane 12.7 No 

50% aqueous 
ethanol n-pentane 4.9 No 

95% aqueous 
ethanol dichloromethane 14.4 Yes 

Dichloromethane dichloromethane 3.5 Yes 
Water (Steam 
distillation) dichloromethane 10 Yes 

 
The optimal clove-to-solvent ratio and total solvent 

quantity were also determined. The ratio was varied 
between 0.1 g/mL and 0.2 g/mL and the total solvent was 
varied between 5 mL and 10 mL. It was found that the 
optimal ratio of cloves to solvent was 0.1 g/mL and the 
optimal solvent quantity for student use was 10 mL, as 
shown in Table 2. 

Table 2. Varying Solvent-to-Sample Ratio and Total Volume of 50% 
Ethanol 

Ratio 
(g cloves: mL solvent) Total volume (mL) Average % yield 

1:10 10 12.5 
1:10 5 6.0 
1:5 5 9.0 

2.2. Experimental Procedure 
A detailed procedure is provided as Supporting Information. 

Briefly, Cloves (1 g) and a microwave-safe stir bar were 
covered with 10 mL of solvent (50% v/v/ ethanol/water) in 
a microwave reaction vessel fitted with a Teflon threaded cap. 
The samples were evenly spaced around the microwave 
carrousel and loaded. A control vessel containing only 10 
mL of the ethanol solution and a temperature probe was 
also loaded on the carrousel. After heating and cooling a 
liquid-liquid extraction followed. The product was a dark 
orange oil that had an intense smell. Samples were 
analyzed via TLC (solvent was 1:2 mixture of pentane and 
dichloromethane) and characterized by IR spectroscopy. 
The spectra obtained were compared to a reference spectrum 
to confirm the identity of the product as eugenol [15]. 

2.3. Hazards 
The use of adequate personal protection equipment, 

including eye protection, by students and instructors was 
required at all times in the laboratory. Dichloromethane 
can irritate the lungs, skin, and eyes and can affect the 
central nervous system if breathed so it was used in a 
fume hood. Ethanol was handled with care due to 
flammability. Clove oil is an irritant and was handled with 
care. Used solvents and eugenol samples were disposed of 
in the organic liquid waste stream. Leftover cloves were 
safely disposed of in a trash receptacle. 
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3. Results and Discussion 

This experiment was designed to produce an alternative 
to steam distillation which is the traditional undergraduate 
laboratory method used for obtaining eugenol from cloves 
[6]. This extraction of natural products from plant sources 
is a widely used introductory organic chemistry experiment, 
and it could be beneficial to have a method that addresses 
green chemistry principles such as being more energy 
efficient and using less sample. Even compared to recent 
alternatives developed for extraction of eugenol from 
cloves, such as use of an espresso machine [8], microwave 
extraction is more energy efficient, requires less solvent, 
and provides comparable yields. In addition, this modified 
microwave procedure was short enough to allow time for 
characterization in the same lab period while improving 
the yield as compared to steam distillation. 

The energy savings from microwave use rather than a 
heating mantle, as would be used in steam distillation is 
96%. This was determined by assuming one section of 10 
groups (20 students) runs all samples in the reaction 
microwave at an average of 100 Watts for 15 min (based 
on the power output profile recorded by the microwave’s 
software), and comparing that to a 200-Watt heating 
mantle run at approximately 70% power for 30 min by 
each group in a section to do distillation. Therefore, 
microwave use consumes 9 kJ per group and the heating 
mantle 252 kJ per group. By contrast, and espresso 
machine consumes approximately 20-30 kJ per shot and in 
the procedure reported by Just et al [8] this would be done 
twice. Thus microwave use would still provide at least a 20% 
energy savings compared to an espresso machine extraction.  

Solvent use was also reduced in two ways, first by 
optimizing the initial amount required for solid-to-liquid 
extraction, and second by eliminating the need for 
subsequent liquid-to-liquid extraction. This experiment 
was tested as described here with two classes of Organic 
Chemistry I Lab – one class of 40 students in two sections 
and a second class of 36 students in two sections - taught 
by two different teaching assistants. All students finished 
in the allotted time (3 hrs), and all of them obtained 
enough product to complete the characterization step. 
Eliminating the steam distillation step and the time 
required to cool the distillate, as well as the lengthy  
liquid-liquid extraction to remove the acetyleugenol not 
only made this method greener, it made it faster, taking 
only 20-25 min in the microwave and 30 min average  
time to work up the mixture and get an IR spectrum  
of the sample. The time required to complete the 
extraction was been reduced in half (compared to steam 
distillation/liquid-liquid extraction), which left more time 
for students to spend on the elucidation of the IR spectrum.  

Using the steam distillation method many students were 
unable to isolate and characterize the extracted eugenol in 
one lab period, which in turn required students to 
complete the product characterization outside of class time 
(students submitted product for IR spectroscopy, were 
sent the IR via e-mail and returned the lab report the 
following week). In contrast, with the method presented 
here, it was possible to complete the microwave extraction 
quickly, which allowed students to have ample time for 
product characterization. In a lab with inexperienced 
students, being able to take IR spectra and devote time to 

understanding the results was not trivial, and it resulted in 
increased student engagement in the characterization 
process, when compared to sections from previous 
semesters using steam distillation for the same purpose.  

4. Conclusions 

Student outcomes from this experiment were assessed 
by using the same instrument previously used to assess the 
outcomes of the steam distillation extraction. There was 
no significant change in student grades for this experiment 
due to the technique change between the courses that used 
this method compared to steam distillation. Sample  
TLC and IR results from students are provided in the 
Supporting Information. From a laboratory management 
standpoint the setup required was much simpler, glassware 
breakage was negligible, and less waste was generated. In 
this context the microwave extraction procedure was 
considered a viable and attractive choice for use in 
second-year organic chemistry labs. 
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Supporting Information 

Procedure and Outcomes  

Instructor Materials 

Supplies 
 Whole cloves (1g per group of students) 
 MARS 6 Synthesis microwave  
 Microwave reaction vessel fitted with Teflon threaded caps 
 MARS 6 temperature probe 
 50% v/v ethanol/water  
 Pentane 
 Anhydrous sodium sulfate 
 TLC plates 
 TLC chambers 
 TLC spotters 
 1:2 mixture of pentane and dichloromethane 

Procedure 

General Considerations 
Cloves were store-bought and used whole. All solvents used were commercially available without further purification. 

Students worked in pairs for one, 3-h laboratory period under the supervision of a graduate teaching assistant to complete 
the experiment.  
 
Microwave Extraction 

Cloves (1 g) and a microwave-safe stir bar were covered with 10 mL of solvent (50% v/v/ ethanol/water) in a 
microwave reaction vessel fitted with a Teflon threaded cap. The samples were evenly spaced around the microwave 
carrousel and loaded in a MARS 6 Synthesis microwave (CEM Corp, Matthews, NC). A control vessel containing only 
10 mL of the ethanol solution and a temperature probe was also loaded on the carrousel. The samples were run 
simultaneously at 1000 W with a 10-minute ramp and a 5-minute holding period at 95°C. The vessels were left to cool for 
15 minutes until the mixture was no longer boiling. The resulting liquid was separated from the cloves and placed into a 
large test tube. Since the microwave carrousel could hold 24 samples at once, all the samples for one lab section could be 
processed at the same time. A student-generated video describing the use of the microwave and highlighting relevant 
operational details and safety features [14] was made available to the students and teaching assistants. A detailed 
procedure for students, worksheet for data collection, and instructor’s notes are provided as Supporting Information.  
 
Solvent Extraction 

Microscale extraction was performed in the test tube containing the solution. Pnetane was used as the extraction 
solvent. After adding 2 mL of dichloromethane, the test tube was shaken and the two layers were allowed to separate. The 
organic layer was removed into a clean test tube. The extraction was repeated 2 additional times. The solution was dried 
with anhydrous sodium sulfate. After 5 min the liquid was filtered and the solvent was evaporated from a 50-mL beaker 
placed on a hot plate under a bench-top hood. Once the extraction in completed the sample can be evaporated using a 
rotary evaporator to recover the solvent.  
 
Analysis 

The product was a dark orange oil that had an intense smell. Samples were analyzed via TLC (solvent was 1:2 mixture 
of pentane and dichloromethane) and characterized by IR spectroscopy. The spectra obtained were compared to a 
reference spectrum to confirm the identity of the product as eugenol [15]. 
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Hazards 
The use of adequate personal protection equipment, including eye protection, by students and instructors was required 

at all times in the laboratory. Dichloromethane can irritate the lungs, skin, and eyes and can affect the central nervous 
system if breathed so it was used in a fume hood. Ethanol was handled with care due to flammability. Clove oil is an 
irritant and was handled with care. Used solvents and eugenol samples were disposed of in the organic liquid waste 
stream. Leftover cloves were safely disposed of in a trash receptacle. 
Procedure Details  

The samples were run at 1000 W with a 10-minute ramp and a 5- minute hold at 95oC (you can modify the default 
Diels-Alder pre-programmed sequence on the MARS 6 Synthesis microwave for this purpose). 
Student materials 

TLC plate 

 

IR spectrum 
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