
INTERACTIVE AUDIOVISUAL RESOURCES OF MINIATURISED 
EXTRACTION TECHNIQUES IN CHEMISTRY DEGREE FOR 

PRACTICAL PURPOSES 

B. Socas Rodríguez, R. Rodríguez Ramos, Á. Santana Mayor, M.Á. Rodríguez 
Delgado 

Departamento de Química, Unidad Departamental de Química Analítica, Facultad de 
Ciencias, Universidad de La Laguna (ULL) (SPAIN) 

Abstract  
In recent years, practical academic training has become an essential tool for university education 
since it is based on the application of the concepts previously acquired during theoretical sessions to 
solve problems of real situations. In this sense, practical lessons help the students to acquire new 
knowledge and to develop skills and competencies needed to play a professional role. 

The technological breakthrough that has taken place in the last decade, as well as the increasing 
demand of students for the use of new interactive materials, have led to the development of different 
teaching strategies based on the application of multimedia resources in experimental sciences. Taking 
this aspect into account, multimedia videos constitute an important tool to improve the comprehension 
of theoretical concepts previously acquired in master classes and encourage the students applying 
them in realistic scenarios at the laboratory. 

In this work, a complementary pedagogical approach has been developed based on the design of 
several interactive videos to introduce students of Chemistry Degree into the field of miniaturised 
extraction techniques following the current trends in Analytical Chemistry. These techniques represent 
environmentally friendly alternatives to conventional procedures due to their efficiency, simplicity and 
less time-consumption, as well as lower use of toxic solvents and sample amounts. For this purpose, 
different multimedia videos describing theoretical aspects and operational modes of some extraction 
procedures, including hollow-fibre liquid-phase microextraction, dispersive liquid-liquid microextraction 
and magnetic-dispersive solid-phase extraction have been performed. In addition, the proposed 
approach offers the students the possibility of making reasonable decisions about selecting the most 
suitable extraction technique to determine specific groups of compounds in real samples of interest. 
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1 INTRODUCTION 
The development of practice classes has always been a cause of disagreement at the different 
educational levels due to the limitation of the system to carry out them, especially in terms of material 
resources, time, preparation or ratio teacher/students in the classrooms. This aspect presents 
considerable importance in the case of experimental science in which the training of the learners at 
the laboratory is mandatory for the correct development of their career once they finish the studies. 
However, it is in these cases when more problems appear owing to the importance of ensuring 
students safety when they are working with dangerous and toxic materials and reagents [1]. In this 
sense, the training before attend to these practice classes not only becomes in an issue of vital 
importance for reaching to the expected outcomes but also for the correct development of the practice. 

Such aspect has constituted an important issue in the different educational levels and particularly at 
the university in which the number of students per classroom increases considerably up to hundreds 
and, consequently, the application of master sessions are preferred by lecturers than the development 
of laboratory training in order to guarantee the control and safety of the group [1]. One alternative to 
this kind of problem could be make more efforts on the preparation of the trainees before such 
practice classes. This would allow ensuring their adequate performance and guarantee the complete 
preparation of the students for their future career without omit one of the important aspects of their 
preparation which is supposed to be the main part of their work as graduates. 

Among the different possibilities to solve this problem, the application of innovative learning strategies 
such as flipped classroom, widely applied in other levels of education, could be an interesting 
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alternative. This method popularised by the chemistry teachers Bergmann and Sams [2] in 2011 is 
based on the performance of previous independent work of the students at home where they carry out 
the main part of the training before to attend to the classes. In this case, the usual sequence of 
preparation, in which the students commonly receive the information and knowledge from the teacher 
and then they work at home the different tasks and exercises is modified. The procedure could be an 
interesting alternative with which the students work their preparation before attending to laboratory 
classes, ensuring the consolidation and robustness of the knowledge and, consequently, the safety 
and proper proceeding at the practice sessions. 

To achieve this aspect it is necessary that the lecturer prepares adequate educational materials that 
allow the students to achieve the necessary knowledge. In this sense, the application of Information 
and Communication Technologies (ITCs) has supposed a suitable strategy to develop this kind of 
training [3]. Among the different resources based on that, the use of interactive videos in which the 
students can visualise how the work should be perform at the laboratory, presents a great interest. 
This type of resources, in combination with other materials such as literature about the issue or 
descriptions prepared by the teachers, can configure an adequate framework that provides a complete 
view of the practice classes before to arrive at the laboratory. This procedure also provides a solution 
to one of the main problems with which teachers have to lead at these kinds of sessions since, 
although students usually have read the guide to work at the laboratory when they arrive to the 
session, the majority have not been able to understand the whole procedure that need to be carried 
out. That is why the performance of videos in which they can see the proceedings constitutes an 
important advance in this sense. 

The application of miniaturised techniques has increased considerably in the last years in the field of 
Analytical Chemistry with the aim of achieving procedures that provide lower consumption of toxic 
solvents, higher simplicity and shorter analysis time, based on the principles of the Green Chemistry 
that pretend to develop more environmentally friendly methodologies [4]. That is why the fact that the 
new students know them and their advantages is of great importance since it provides them the 
possibility of applying these techniques in their future career both in the scientific or industry fields. 
Among them, the liquid phase microextraction techniques based on the use of only some microliters of 
solvents as extraction agents [5] or the micro-solid phase extraction in which the use of only some 
milligrams of sorbents is commonly applied for the extraction of compounds with high efficiency [6] are 
two of the most widely performed currently. 

The aim of this work is to propose a novel pedagogical approach to introduce students of Chemistry 
Degree into the field of miniaturised extraction techniques. For this purpose, several multimedia videos 
in which theoretical aspects and operational modes of some extraction procedures, including hollow-
fibre liquid-phase microextraction (HF-LPME), dispersive liquid-liquid microextraction (DLLME) and 
magnetic-micro-dispersive solid-phase extraction (m-µ-dSPE) are described have been developed as 
an alternative strategic prior to the development of practice classes. Apart from that, this approach 
allows the students the possibility of developing their critical thinking, making reasonable decisions 
about the most suitable technique to determine specific groups of compounds in real samples of 
interest, based on their own experimental results. 

2 METHODOLOGY 

2.1 Materials and reagents 
In this work all chemicals were of analytical reagent grade (unless otherwise indicated) and used as 
received. Acetonitrile (ACN) and methanol (MeOH) of liquid chromatography (LC)-mass spectrometry 
(MS) grade, chloroform, CHCl3 of LC grade and cyclohexane of gas chromatography (GC)-MS grade 
were from Merck (Darmstadt, Germany). Octan-1-ol of high performance liquid chromatography 
(HPLC) grade was from Sigma-Aldrich Chemie (Madrid, Spain) while buffer solutions of pH 4 and 7 for 
the pH-meter calibration were from VWR International (Pennsylvania, USA). Sodium chloride, NaCl 
(purity > 99.5 %) was from Sigma-Aldrich Chemie and sodium hydroxide, NaOH (purity > 98 %) was 
from Scharlau Chemie S.A. (Barcelona, Spain). Distilled water was deionised by a Milli-Q gradient 
system A10 from Millipore (Bedford, MA, USA). Glass vials of 20 mL were obtained from Supelco 
(Pennsylvania, USA), flasks of 25 mL were from Thermo Fisher Scientific (Waltham, MA, USA) and 
polypropylene (PP) centrifuge tubes of 50 mL were from VWR International. Accurel Q3/2 PP hollow 
fibre membranes (600 µm internal diameter (id), 200 µm wall thickness and 0.2 µm pore size) were 
acquired from Membrana GmbH (Obernburg, Germany) and Chromafil® polyethylene terephthalate 
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(PET)-20/15 filters were from Macherey-Nagel (Düren, Germany). The permanent magnet composed 
by Nd-Fe-B of 30 mm × 7 mm with a weight of 38 g, strength of 14 kg and coated with Ni–Cu–Ni was 
from Supermagnete (Gottmadingen, Germany). 

2.2 Software 
The free platform H5P was used to edit the recorded videos of miniaturised extraction techniques and 
to make them interactive for the students of Chemistry Degree. 

2.3 Experimental methodology 

2.3.1 Student workflow 
In this work, the group of students carries out the theoretical and practical study of widely applied 
miniaturised green extraction techniques in the field of Analytical Chemistry using ITCs in the field of 
an innovative flipped room method. In this case, the workflow was based on four main steps: 

1 Revision of the literature. In this first step, the students were able to realise an exhaustive study 
of the materials prepared by the lecturers and uploaded to a digital platform at which the whole 
group of students had access. Apart from that, they also had access to literature about this 
issue previously provided by the responsible teachers as well as to the browsers of the 
university to revise more related bibliography. 

2 Visualisation of explanatory videos about the techniques. Additionally to the readable didactic 
resources, the teachers also provided them a set of videos in which the development of the 
studied techniques was described in order to favour the understanding of the students about the 
work that had to develop during the practice classes. 

3 Discussion of the techniques management. After the independent learning of the students, they 
attended to a seminar with the responsible teacher to discuss the main points of the techniques, 
their importance to develop green friendly procedures in the fields of Analytical Chemistry, their 
doubts and any other aspect that they and the lecturers considered of the interest before the 
practice classes. 

4 Practice classes. Finally, the students put into practice the knowledge acquired during the study 
of the techniques and the discussion at the laboratory, by developing themselves the application 
of the miniaturised techniques for the evaluation of different samples. 

2.3.2 Work of the student before practise classes. Access to didactic sources 
The teachers developed several practice guides in which the experimental procedures of some 
miniaturised extraction techniques, including HF-LPME, DLLME and m-µ-dSPE, were explained in 
detail for students of Chemistry Degree. Apart from that, they also prepared a set of interactive videos 
of the above-mentioned procedures with the aim of improving the knowledges previously acquired in 
theoretical lessons and to train them before the practice classes at the laboratory. Video storylines 
were based on performing the microextraction techniques commonly used for the analysis of aqueous 
samples. The chronological elements of the videos were: (1) A brief introduction to the miniaturised 
extraction technique; (2) A tutorial demonstrating how to performance the extraction procedure step by 
step; (3) A questionnaire that allows students to make reasonable decisions about selecting the most 
appropriate solvent, sorbent, extraction pH or deposition time, among other important aspects in the 
determination of specific groups of compounds in real samples of interest, and (4) A reinforcement 
section in which the most relevant advantages of the extraction procedure studied were highlighted. In 
addition, the whole videos were accompanied by a voice-over to describe the theoretical aspects, as 
well as the operational mode of the miniaturised extraction technique. Both the practice guides and the 
interactive videos were available to the students through the digital platform of the university and, 
therefore, they were able to access to these materials online, as well as other related bibliography 
recommended by the teachers 24 hours a day from anywhere. 

2.3.3 Practice classes at the laboratory 
After the feedback between the teacher and students in the seminar, in which the miniaturised 
extraction techniques were discussed, the students were able to develop themselves the application of 
liquid-based techniques, including HF-LPME and DLLME, as well as sorbent-based techniques such 
as m-µ-dSPE. 
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• HF-LPME procedure 
Ten millilitres of water were introduced into a 20 mL vial, followed by the addition of NaCl to 
achieve a concentration of 5 % (w/v) and the adjustment of the pH to 7.0 using a 0.1 M NaOH 
solution. A 2 cm hollow fibre was used for each extraction. For this purpose, it was inserted into 
the needle tip of 25 µL microsyringe and its pores and lumen were filled with 20 µL of octan-1-
ol. The fibre was submerged in the sample solution. The extraction was performed for 45 min 
under stirring of 960 rpm at ambient temperature. After that, the fiber was taken out of the vial 
and introduced intro a 400 µL GC micro-vial containing 350 µL of ACN for 10 min in an 
ultrasonic to desorb the analytes. Then, the solvent was evaporated under a gentle steam of 
nitrogen, reconstituted in 50 µL of cyclohexane and injected in the GC system. 

• DLLME procedure 
Five millilitres of water containing 20 % (w/v) of NaCl were adjusted to pH 6.0 using a 0.1 M 
NaOH solution and introduced in a centrifuge tube. Then, the mixture extractant/disperser (200 
μL of CHCl3/700 μL ACN) was rapidly injected in the sample by a micropipette. With the aim of 
ensuring a complete dispersion and to favour the extraction, the mixture was vortexed for 3 min. 
The extractant phase was separated by centrifugation at 4000 rpm for 10 min and collected with 
a microsyringe. Finally, the solvent was evaporated to dryness under a nitrogen stream and the 
residue was redissolved in 150 μL of the initial composition of the mobile phase and injected (20 
µL) in the LC system. 

• m-µ-dSPE procedure 
Twenty-five millilitres of aqueous sample were adjusted to pH 7.0 and introduced in a flask 
containing 60 mg of the magnetic sorbent. After manual agitation for 30 s, a permanent magnet 
was situated for 10 min at the bottom of the flask in order to let the sorbent settle. Afterwards, 
the sample was discarded retaining the sorbent in the extraction recipient with the help of the 
magnet. Analytes were eluted by the addition of 6 mL of MeOH with a slight agitation for 30 s 
followed by a magnetic deposition period of 5 min, again using the permanent magnet. Finally, 
the elution solvent containing the analytes was separated and evaporated at 250 mbar and 40 
ºC. The residue was reconstituted in 500 μL of the initial composition of the mobile phase, 
filtered through a 0.20 μm Chromafil® PET -20/15 filter and injected (20 µL) in the LC system. 

3 RESULTS 

3.1 Discussion of the main ideas after literature sources revision 
Firstly, a questionnaire was elaborated and provided to the students before beginning the seminar with 
the aim of assessing who had used the readable material and the videos prepared by the teachers. As 
can be seen in Figure 1, the response of the students to the realisation of a flipped classroom through 
literature material accompanied by interactive videos was generally positive, since 12 out of 20 
students claimed to have read the practice guides and seen the videos, as well as revised other 
supplementary material provided on the digital platform of the university. This means that 60 % of all 
students had done their work correctly, training themselves before going to the laboratory. Moreover, 
there was 20 % of all students that had only revised the readable material, while there were two 
students who had only read the practice guides and other two that had only viewed the interactive 
videos, this represented 10 % of the total number of students in each case. 
After carrying out the discussion about the main points of interest of the miniaturised extraction 
techniques, the students could choose the most suitable extraction procedure for the analysis of 
aqueous samples. In this sense, most of the students who had prepared the practice before the 
laboratory session preferably selected the dispersive techniques, both DLLME and m-µ-dSPE because 
of their simplicity of operation, as well as their high enrichment capacity achieving concentrations in the 
low ng/L range. However, some students that had not seen the videos chose the HF-LPME as the most 
appropriate technique without taking into account that this procedure requires more extraction time. 

Based on the microextraction techniques studied, the students were asked about some theoretical 
concepts and operational modes of such procedures including which was the correct way to cut and fill 
the fibre in HF-LPME, why it was necessary to use a disperser in DLLME or what nanomaterial was 
the most suitable sorbent in m-µ-dSPE, among others relevant aspects. In this sense, students who 
had only viewed the interactive videos showed some difficulty in answering theoretical questions while 
they could solve operational problems. Similarly, students that had only read the bibliography 
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materials were able to answer questions about theoretical concepts but not about operational modes. 
Students who had only read the practice guides answered exclusively theoretical questions with a little 
imprecision. Finally, in the case of students who had read the literature material and seen the videos, 
they could answer both types of questions, demonstrating that they were adequately trained to 
develop the miniaturised extraction techniques at the laboratory. 

 
Figure 1. Results of the questionnaire regarding to the independent student work. 

3.2 Practice application of the studied techniques in the laboratory 
Once the seminar finished, the students went to the laboratory to put in practice the previous 
knowledge acquired during their independent study, as well as the relevant aspects discussed with the 
responsible teacher, developing themselves the application of the miniaturised extraction techniques. 
On the one hand, the students that had revised all the bibliography material provided by the teachers 
and viewed the interactive videos arrived at the laboratory recognising both the materials and the 
reagents that were necessary to develop correctly each experience proposed. As can be seen in 
Figure 2, they were able to carry out the assembly of the extraction systems, as well as the extraction 
of a group of specific compounds. On the other hand, the students that had only read the practice 
guides found several difficulties in the assembly of the extraction systems, especially in the case of 
HF-LPME procedure since it not only requires greater skills in operational terms but also it involves 
many steps prior to the extraction, including the cut or the conditioning of the fibres, among others. In 
the same way, for this group of students it was hard to inject the mixture extractant/disperser in the 
sample in the DLLME procedure. The situation was very similar for the students that had only revised 
partially the bibliography material, although they knew what was happening in each step of the 
extraction procedure. Finally, regarding to the students that had only viewed the interactive videos, 
they could develop the microextraction procedures with some lacks in theoretical aspects. 

 
Figure 2. a) HF-LPME; b) DLLME and c) m-µ-dSPE procedures. 
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In the practice session, the students solved both their own doubts emerged during their independent 
learning and the questions proposed by the teacher in the seminar. Those students who initially 
selected the HF-LPME technique concluded that it was the most tedious of the studied extraction 
procedures. In addition, they verified that the dispersive techniques (DLLME and m-µ-dSPE) selected 
by the rest of the students represented the alternative most suitable for the pretreatment of aqueous 
samples in terms of operational simplicity and time-consumption. These results demonstrated that the 
ITCs are a useful tool in the learning process of the students, since they allow the consolidation of the 
knowledge acquired during the theoretical lessons, as well as the preparation of the students for the 
practice sessions. 

4 CONCLUSIONS 
In this work, a practical teaching proposal has been developed based on the design of several 
interactive videos to introduce students of Chemistry Degree into the field of miniaturised extraction 
techniques following the current trends in Analytical Chemistry. For this purpose, different multimedia 
videos describing theoretical aspects and operational modes of some extraction procedures, including 
HF-LPME, DLLME and m-µ-dSPE have been performed. In this sense, the use of ITCs combined with 
other materials such as bibliography related to the topic of study is a useful tool to improve the 
teaching and learning process of students of Chemistry Degree. In addition, ITCs allow minimising the 
problems arising as a result of the increasing number of students per classroom at the university. The 
results obtained during the seminar and the experimental session demonstrated that the use of these 
interactive resources helps the students to consolidate the theoretical concepts acquired in lectures 
and to train themselves before the practice classes. 
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