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Abstract 
Sample preparation constitutes one of the most important steps of current analytical procedures, 
especially when complex matrices are analysed. As it is well-known, it has as main objective the 
selective extraction and preconcentration of the target analytes in order to increase the method 
sensitivity. Thus, a suitable design of this step is usually crucial to guarantee the quantitative 
extraction of the analytes as well as the elimination of as many interferents as possible. 

Sorbent-based extraction techniques are one of the sample preparation procedures most extensively 
used due to the selectivity and versatility they offer. In this sense, the use of nanomaterials as 
sorbents, which is a trend in the field, has provided an important advance in this kind of techniques, 
especially due to their extraordinary extraction capacity and selectivity which have allowed their 
application to the analysis of a wide variety of compounds in matrices of very different nature. Among 
the nanomaterials mostly used in this field it could be highlighted the use of metal-organic frameworks, 
carbon-based materials (graphene, carbon nanotubes, carbon nanohorns, nanodiamonds, etc.), 
coated magnetic nanoparticles or composites of them, among others. 

In the Master’s Degree in Chemistry of the University of La Laguna, several subjects provide students 
with the opportunity to deepen the latest advances in sample preparation, as well as in separation and 
determination techniques, performing practical classes that allow them to acquire dexterity in the 
management and application of many of them. For that purpose, it is sought that students acquire new 
skills that provide greater security when facing the resolution of problems within the current trends of 
Analytical Chemistry. Like in any other master’s degree, such practical classes should also include 
highly updated and relevant issues.  

In this work, we propose a particular strategy in which students have to synthesize and use different 
magnetic cost-effective nanomaterials for the extraction of a group of pollutants from water samples. 
The students have shown their satisfaction with the practical classes proposed and the methodology 
applied in several surveys, which is also reflected in the results obtained in the final evaluation, where 
it is clear that they have acquired a high knowledge of this type of techniques. 
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1 INTRODUCTION  
Teaching advanced chemistry, especially in master’s degrees, is indeed a challenging issue and is 
sometimes limited by the materials and equipment that the faculty or the department can afford. This 
particular situation often happens in those subjects in which nanomaterials form part of the syllabus 
and in which a jump from the theory to the practise is really necessary.  

In several articles already published by the authors of this communication [1]–[3], we developed the 
synthesis, characterization and application of magnetic nanoparticles (m-NPs) with a polydopamine 
(pDA) coating (Fe3O4@pDA) for the extraction of different types of analytes (mainly natural, synthetic 
and mycoestrogens as well as phthalic acid esters, PAEs) from samples of different nature, including 
water and daily products. The simplicity and low cost of the whole synthetic procedure as well as the 
application of the m-NPs as extraction sorbents in dispersive solid-phase extraction (dSPE) -which is 
quicker, simpler and with a less consumption of organic solvents, etc., than conventional SPE- 
suggested that they could be used as an example of the synthesis and application of nanomaterials in 
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advanced analytical chemistry subjects. This is what let us to use them in practical classes of the 
Master’s Degree in Chemistry of our university and also as in a Final Degree Project. In this 
communication we will present the different experimental procedures that were applied and how they 
were developed in practice. A careful reading of this communication will also suggest the reader that 
suitable modifications may also be developed to adapt the procedure and ideas to other subjects or 
even to different applications. 

2 METHODOLOGY 
The methodology consisted in the development of the synthesis of bare m-NPs in a single session of 
around 2-3 hours. Concerning the polymerization of the m-NPs if they are used for extraction 
purposes, the optimal polymerization time is 6 hours but the polymerization time could be decreased 
to show only how the procedure works. Regarding the application of the Fe3O4@pDA for the extraction 
of PAEs from water samples, if the objective is to show how an extraction can be performed (without 
its later chromatographic analysis) it can be easily developed in less than 2 hours. On the contrary, if a 
validation of a methodology is carried out, then several sessions are required (recovery study, 
injection in the chromatographic system, calibration, analysis of real samples, etc.). 

3 RESULTS 

3.1 Synthesis of magnetic nanoparticles and polymeric magnetic 
nanoparticles 

The iron oxides magnetite -Fe3O4- and maghemite –γ-Fe2O3-, especially the first of them, have been 
the m-NPs most used in many applications, mainly due to their low toxicity, ease of manipulation and 
synthesis, and the possibility of being modified, in comparison to other m-NPs [4], [5]. Their synthesis 
is relatively cheap since only two iron salts are required. Others composed of metals like iron, nickel 
and cobalt or their oxides and spinel-type ferromagnets such as MnFe2O4, MgFe2O4 and CoFe2O4 
have also been used but the cost is higher, and the synthesis is more complex. 

ª Experiment 1: Synthesis of Fe3O4 m-NPs 

To develop this task, 5.41 g of FeCl3·6H2O and 2.78 g of FeSO4·nH2O (2:1 molar ratio) were dissolved 
in 200 mL of HCl 0.5 M solution by magnetic stirring. This solution was then added drop by drop using 
a burette (50 mL) to 300 mL of NaOH 1.25 M solution (600 mL beaker) under vigorous stirring (850 
rpm, the magnetic bar was covered with parafilm to avoid m-NPs attachment) at room temperature. 
After finishing the addition, the black precipitate (Fe3O4 m-NPs) was stirred for 30 min more in order to 
ensure the complete reaction of iron salts. Then, this mixture (approx. pH 13.3) was neutralised with 
HCl (25 %, w/w). To follow the complete neutralization process, a pH-meter was introduced into the 
solution and HCl was added until pH 7 [1], [2]. The solution containing the m-NPs was transferred to 
50 mL polypropylene tubes (normally 10-11 tubes are necessary) and stored in the darkness (see 
Figure 1). The NPs can be used around a month after their synthesis. After that period, some 
oxidation is observed (brown colour of the solution) and they may not have the same magnetic 
properties. 
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Figure 1.- Photographs of the tubes obtained A) after the final pH adjustment of the procedure  

(m-NPs are suspended in the solution) and B) after one day of storage  
(m-NPs are deposited at the bottom of the tubes). 

ª Experiment 2: Polymerization of the previously synthesized Fe3O4 m-NPs 

Dopamine (DA) is a catecholamine neurotransmitter mimic of the adhesive proteins which has 
attracted wide interest due to its self-polymerization capacity in aqueous phase under weak alkaline 
conditions. To generate the pDA coating [1], [2], a concentration of 2.75 g/L of the prepared m-NPs 
was dispersed in a 15 mM DA solution (DA is also relatively cheap) of phosphate buffered saline 
(PBS) at pH 8.3 and maintained the polymerisation process for 6 h under stirring (850 rpm, , the 
magnetic bar was covered with parafilm to avoid m-NPs attachment) at room temperature. The PBS 
solution was prepared by dissolving 1.44 g of Na2HPO4 and 0.24 g of NaH2PO4 in 1 L of water to 
obtain a pH of 7, adjusting the final pH value to 8.3 with a solution of NaOH 0.1 M. After that, pDA 
coated NPs were washed with a mixture of acetonitrile (ACN)/H2O 50/50 (v/v) 6 times to remove the 
non-reactive DA. Between washings, and in order to maintain the m-NPs in the tubes, the suspension 
was centrifuged for 15 minutes at 4400 rpm. After the final washing, they were centrifuged at 4400 
rpm for 15 min, transferred to an Erlenmeyer flask with ACN and dried at 40 ºC and 180 mbar in a 
rotary evaporator. Bare Fe3O4 m-NPs were used even after 4 weeks of their synthesis. Regarding pDA 
coated m-NPs, they were used during one week after their synthesis without observing a decrease in 
the extraction efficiency. If the all bare m-NPs previously synthesized are polymerized, around 5-6 g of 
Fe3O4@pDA m-NPs are obtained. 

 
Figure 2.- Scheme of Fe3O4@pDA synthesis. Taken from [6] with permission. 
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ª Experiment 3: Characterization of Fe3O4@pDA m-NPs 

Depending on the surface characterization techniques available at each university or research 
institute, it is also possible to develop surface characterization experiments with these simple m-NPs, 
which not only will allow the student to learn their fundamentals, but also their application. In a 
previous work carried out by our group, which can be taken as a reference for these tasks [1], we 
developed X-ray diffraction (XRD), X-ray photoelectron spectroscopy (XPS), thermogravimetric 
analysis (TGA), transmission and scanning electron microscopy (TEM and SEM), infrared (IR) and 
Raman spectroscopy, vibrating sample magnetometry, microelectrophoresis and 
adsorption/desorption isotherms analysis. Data regarding the interpretation of the analysis of these m-
NPs using such techniques can be found in the Supplementary Material of the following article [1]. 

3.2 Application of polymeric magnetic nanoparticles for the extraction of 
phthalic acid esters (PAEs) 

The previously synthesized m-NPs can also be used for extraction purposes in dSPE. During a Final 
Degree Project, we have applied them to the extraction of the group of PAEs indicated in Table 1 
(including two deuterated internal standards, ISs) -which are relatively cheap- from different water 
samples. Solutions of each individual PAE and IS (500-1000 mg/L) were prepared in cyclohexane. 
Then a mixture of 10 mg/L was prepared for the spiking of the samples as well as for the preparation 
of the calibration solutions. 

Table 1.- Name, structure and CAS number of the group of PAEs and ISs selected. 

Name Acronym CAS number Chemical structure 

Butylbenzyl 
phthalate BBP 85-68-7 

 

Dibutyl phthalate DBP 84-74-2 
 

Dicyclohexyl 
phthalate DCHP 84-61-7 

 
Di(2-ethylhexyl) 

adipate DEHA 103-23-1 
 

Di(2-ethylhexyl) 
phthalate DEHP 117-81-7 

 

Diisobutyl phthalate DIBP 84-69-5 
 

Diisodecyl phthalate DIDP 89-16-7 
 

Diisononyl phthalate DINP 20548-62-3 
 

Diisopentyl 
phthalate DIPP 605-50-5 
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Name Acronym CAS number Chemical structure 

Di-n-octyl phthalate DNOP 117-84-0 
 

Di-n-pentyl 
phthalate DNPP 131-18-0 

 

Dipropyl phthalate DPP 131-16-8 
 

Dibutyl phthalate-
3,4,5,6-d4 DPB-d4 93952-11-5 

 

Dihexyl phthalate-
3,4,5,6-d4 DHP-d4 1015854-55-3 

 

To develop the dSPE procedure [2], 25 mL of a water sample (milli-Q, mineral, tap or wastewater) 
previously adjusted to pH 6.0 with 0.1 M of NaOH or 0.1 M of HCl solutions (depending on what is 
required), were poured onto 60 mg of Fe3O4@pDA m-NPs in a volumetric flask and the mixture was 
manually shaken for 1 min. Then, a permanent disc magnet was placed at the bottom of the flask for 
10 min to ensure the complete sorbent settling. After that time, the supernatant sample was discarded 
by decantation, always maintaining the magnet at the bottom of the flask in order to retain the sorbent 
in the extraction recipient. Subsequently, the Fe3O4@pDA m-NPs were dried with a soft current of 
nitrogen and the analytes were desorbed by the addition of 6 mL of dichloromethane and a slight 
manual agitation for 30 s followed by a magnetic sorbent deposition time of 5 min. Then, the 
desorption solvent containing the target analytes was separated by decantation (maintaining the 
magnet at the bottom of the flask again) and evaporated to dryness at 40 ºC and room pressure in a 
rotary evaporator (see Figure 3). Finally, the dry extract was reconstituted in 500 µL of cyclohexane 
and injected (2 µL) in a gas chromatography (GC) system equipped with either a flame ionization 
detection (in which a non-deuterated IS should be used) or a mass spectrometry detector, which is the 
one we used (Figure 4). Although we used a GC system, PAEs can also be determined by LC as 
developed in previous works of our group [7], [8]. 

 
Figure 3.- Scheme of the Fe3O4@pDA-m-µ-dSPE procedure applied for the extraction  

of PAEs from water samples. Taken from [6] with permission. 

GC-MS separation was carried out in an Agilent 7820A GC/5977B Q MS system with a HP-5ms (30 m 
x 250 µm x 0.25 µm) column using helium as carrier gas at flows of 1.5 mL/min, applying the 
temperature program shown in Table 2. Two microliters were injected in the splitless mode at 280 ºC 
(after 0.75 min the split was opened at a ratio of 1:25). The MS transfer line was set at 280 ºC and ion 
source was set at 250 ºC with an electron ionisation energy of −70 eV. The Q analyser was operated 
in the SIM mode with a temperature of 150 ºC. 
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Table 2.- Temperature programme used for the GC-MS separation. 

Temperature (ºC) Rate (ºC/min) Hold time (min) Run time (min) 

60 - - 0.00 

170 30 - 3.67 

260 3 - 33.67 

300 30 5 40.00 

 
Figure 4.- GC-MS chromatogram of the separation of the selected PAEs and ISs  

(250 µg/L in cyclohexane). 

Water samples were spiked at two different concentration levels (0.8 and 3.2 µg/L) and extracted five 
times to carry out a recovery study. Typical relative recovery values were in the 70-120 % range with 
relative standard deviation (RSDs) values below 20 %. This dSPE procedure can also be used to 
teach method validation in Analytical Chemistry. 

Since PAEs are used as plasticizers in the plastic industry and, therefore, they are ubiquitous in the 
laboratory, glassware should be mainly used and properly cleaned. Non-volumetric glassware can be 
washed with tap water and soap, followed by Milli-Q water and dried in an oven at 120 ºC for 1 hour. 
After that, it should be calcined at 550 ºC for 4-5 hours in a high temperature furnace. Volumetric 
glassware can be washed with tap water and soap and let stand with Nochromix® H2SO4 solution (or 
other strong oxidizing solution) for 24 hours. Then, the solution is removed, and the material is rinsed 
at least ten times with Milli-Q water and three times more with MeOH of high purity. It should be dried 
at room temperature. 

4 CONCLUSIONS 
The proposed procedures for the synthesis of bare m-NPs and pDA m-NPs are simple, cost-effective, 
do not consume too much time and can be easily adapted to any laboratory and specially, as part of 
current practical classes. Therefore, they are also useful for their application in advance analytical 
chemistry subjects and also those devoted to nanomaterials applications. Furthermore, they can also 
be applied to the study of surface characterization techniques and also as sorbent in dSPE. 
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