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� Covalent organic framework DQTP
was grown in situ on stainless steel
wire via Schiff base reaction.

� Extraction efficiency of SPME was
enhanced by the external electrical
field with shorter extraction time.

� The developed EE-SPME coupled
with GC-FID method was applied to
determine bisphenol A in extracts of
food packagings.
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In this work, electro-enhanced solid-phase microextraction (EE-SPME) and covalent organic framework
(COF) were adopted to improve the extraction efficiency. A conductive COF synthesized of 2,6-
diaminoanthraquinone (DQ) and 1,3,5-triformylphloroglucinol (TP) was in situ bonded to the stainless
steel wire via facile solution-phase approach and used as the EE-SPME fiber coating to preconcentrate a
typical endocrine disruptor bisphenol A (BPA). Compared with conventional SPME, the DQTP bonded
fiber coupled with EE-SPME device exhibited higher extraction efficiency and achieved extraction
equilibrium within 10 min. The proposed approach based on EE-SPME and gas chromatography coupled
with flame ionization detector gave a linear range of 0.05e10 mg mL�1 and detection limit of 3 mg L�1 (S/
N ¼ 3) with good precision (<6.7%) and reproducibility (<7.1%) spiked with 0.1, 0.5, 1.0 mg mL�1 BPA.
Quantitative determination of BPA in extracts of food packagings (mineral water bottles, milk boxes and
milk tea cups) was achieved with recoveries from 88.6 to 118.0%.
© 2020 Elsevier B.V. This is an open access article under the CC BY license (http://creativecommons.org/

licenses/by/4.0/).
1. Introduction

Solid-phase microextraction (SPME) is a distinguished envi-
ronmentally friendly sampling technology introduced in the 1990s
by Prof. Pawliszyn, enabling sampling, separation, pretreatment
ng).
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and enrichment in a solvent-free and simple operation [1e3].
Owing to its convenience and simplicity, SPME has been employed
in environmental [4e6], food [7e9], and biological [10e13] ana-
lyses. The SPME procedure involves the sorption of the target
analytes onto the surface of a miniaturized device coated with a
dimensionally small extraction phase [14]. The general extraction
principle depends on the partitioning equilibrium of the analytes
between the sample matrix and the extraction phase via passive
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diffusion, which requires time-consuming process that undoubt-
edly undermines the simplicity and rapidity of SPME [2]. Especially
for analytes with high affinity for water, conventional SPME tech-
nique has the disadvantage of low extraction efficiency of polar or
ionic compounds.

To overcome this limitation, various auxiliary technologies have
been introduced to improve the extraction efficiency. As early as
1963, the idea of separating analytes using an electric field in
combinationwith a solid acceptor phase was put forward, and then
several research groups proposed an electro-enhanced SPME (EE-
SPME) approach, in which an electrical potential was applied to the
SPME fiber to accelerate transfer of charged analytes from samples
to the fiber surface via electrostatic interaction [15]. To date, EE-
SPME method has been found to be suitable for the enhanced
extraction of protonated or deprotonated analytes. Mousa et al. [16]
and Xu et al. [17] applied commercial SPME fibers (poly-
dimethylsiloxane (PDMS), polydimethylsiloxane/divinylbenzene
(PDMS/DVB), carbowax/polydimethylsiloxane and divinylbenzene/
carbowax/polydimethylsiloxane) as working electrodes for the
extraction of phthalate esters, bisphenol A and amphetamines.
These types of coating materials suffer from poor conductivity and
low extraction efficiency to strong polar and ionic compounds.
However, there are a few different attempts on the development of
EE-SPME fiber coating such as molecularly imprinted polypyrrole/
multi-walled carbon nanotubes [18], ordered mesoporous carbon
[19] and three-dimensional graphene [20]. In order to maximize
the EE-SPME efficiency, it is still a challenge to find suitable fiber
coating materials with excellent conductivity, superior adsorption
capacity and high affinity towards target analytes for the EE-SPME
application.

The development of covalent organic frameworks (COFs) based
SPME fiber materials with superior characteristics has been of
extensive interest. COFs are a new class of two-dimensional porous
crystalline materials inwhich organic building blocks are linked into
framework structures with periodic skeletons and ordered pores via
strong covalent bonds [21e23]. The unique structure of COFs gives
them a variety of properties such as tunable porous structure, large
surface areas, low density, good chemical and thermal stability [24],
which render them an alternative as coating for SPME to extract
efficiently some contaminants [25e27]. Our group previously
developed COFs bonded wires as SPME fibers to extract 16 polycyclic
aromatic hydrocarbons and 11 phthalate esters with high extraction
efficiency [28,29]. DQTP, a b-ketoenamine-linked COF that was
synthesized by 2,6-diaminoanthraquinone (DQ) and 1,3,5-
triformylphloroglucinol (TP), has great potential for the extraction
of some aromatic compounds via p-p stacking interaction and
tunable size matching [30]. Its two-dimensional layered architecture
and b-ketoenamine linking relative to an electroactive monomer DQ
make it has shown promising proton conductivity [31e33], we have
reason to speculate that DQTP is potentially useful for the EE-SPME
coating.

Bisphenol A (BPA) is a primary additive in polycarbonates and
epoxy resins which are widely used in the manufacture of plastic
food containers, and an endocrine disrupting compound that
arouses abnormal activity and engenders irreversible damage to
living organisms. Herein, we reported in situ growth of DQTP on
stainless steel wire (SSW) as SPME fiber via facile solution-phase
approach based on Schiff base reaction and investigated its per-
formance for the EE-SPME. Considering that BPAwith two phenolic
hydroxyl groups tends to deprotonate under certain pH and po-
tential, we used it as an example for similar polar or ionic analytes.
The EE-SPME technology combined with gas chromatography
coupled with flame ionization detector (GC-FID) has been devel-
oped and successfully applied for the extraction and determination
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of BPA in extracts of food packagings (mineral water bottles, milk
boxes and milk tea cups).

2. Experimental

2.1. Chemicals and materials

All chemicals used were at least of analytical grade. BPA stan-
dard (purity 99.0%) was obtained from J&K Chemical (Beijing,
China). TP, DQ and chromatographic grade methanol were pur-
chased from Macklin Biochemical (Shanghai, China). N,N-
dimethylformamide (DMF), nitric acid, hydrochloric acid, acetone,
and acetic acid were purchased from Sinopharm (Shanghai, China).
The 5 mL gas chromatograph microsyringes and SSW
(23 cm � 0.35 mm) were purchased from High Pigeon (Shanghai,
China). The stock solution of BPA at 1000 mg mL�1 was prepared in
methanol and stored at �20 �C. 10 mg mL�1 of standard solution of
BPA was obtained by step-by-step dilution of the stock solution
with methanol. Working standard solution of BPA was prepared by
diluting 10 mg mL�1 of BPA standard solution with deionized water.

2.2. Instrumentation

All experiments were carried out at room temperature. The
electrochemical behavior of BPA and electrochemical characteris-
tics of DQTP were carried out on CHI660C electrochemical work-
station (CH Instruments, Shanghai, China). The morphology of the
fiber coating was obtained on a SU8100 scanning electron micro-
scope (SEM) (Hitachi, Tokyo, Japan). Fourier transform-infrared (FT-
IR) spectroscopy was recorded on an IS10 FT-IR spectrophotometer
(Nicolet, Madison,Wisconsin, USA) and thermogravimetric analysis
(TGA) was conducted on TGA2 instrument (Mettler Toledo, Zurich,
Switzerland). The X-ray photoelectron spectroscopy (XPS) mea-
surements were performed on Thermo K-Alpha (Thermo Scientific,
Waltham, Massachusetts, USA). N2 adsorption experiments were
performed on an Autosorb-iQ analyzer (Quantachrome, Boynton
Beach, Florida, USA). EE-SPME experiments were performed in a
variable voltage DC power supply purchased from HYELEC (Hang-
zhou, China). Deionized water (18.2 MU‧cm, 25 �C) was obtained
from a Milli-Q Integral Cabinet 3 system (Millipore, Bedford, Mas-
sachusetts, USA). The analysis of BPA was conducted on a GC-2030
system (Shimadzu, Kyoto, Japan) coupled with FID. The capillary
column used for separation was HP-5 (30 m � 0.25 mm � 0.25 mm)
(Agilent, Palo Alto, California, USA). The injector was operated in
the pulsed splitless mode with injector temperature 280 �C. The
column temperature program used for the separation was as fol-
lows: initial column temperature maintained at 150 �C (held for
2 min), 15 �C min�1 to 260 �C (held for 2 min). The detector tem-
perature was set at 300 �C.

2.3. Fabrication of the DQTP bonded SPME fiber

The procedure of DQTP bonding SSW as SPME fiber is according
to DeBlase et al. [31] with minor modification. Prior to the fabri-
cation of the DQTP bonded SPME fiber, one end of a SSW was
etched by aqua regia for 10 min to obtain a rough surface as a
substrate for the preparation of a SPME fiber. Then the etched part
was rinsed thoroughly with deionized water and dried in air. The
dried etched end was immersed into a solution containing DMF
(3.2 mL) and DQ (17.0 mg, 0.071 mmol) in a glass tube at 90 �C.
Subsequently, 1 mL of DMF solution containing TP (10.0 mg,
0.048mmol) and acetic acid (50 mL, 6 M) was added slowly over the
course of 1 h via syringe. After the addition, the reaction was
allowed to water bath at 90 �C for an additional 3 h. The obtained
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DQTP bonded fiber was washed with deionized water and acetone
to remove the residual ligands and dried in a vacuum oven at 85 �C
for 4 h. Finally, the DQTP bonded fiber was assembled into the
microsyringe and aged for 30 min in the GC injector at 300 �C
before each extraction.

2.4. Pretreatment of samples

Food packagings (mineral water bottles, milk boxes andmilk tea
cups) were collected from the local supermarket (Wuxi, China). All
samples were cut into small pieces and washed three times with
deionized water. Then, 1.0 g of each sample and 10 mL of methanol
were placed in a brown glass vial, ultrasonicated for 10 min and
stirred at 50 �C for 6 h. After cooling at room temperature, each
mixturewas filtered with filter membrane and the extract was kept
at 4 �C. The 0.1 mL of extract was transferred into a sample vial and
diluted with 0.01 mol/L phosphate buffer solution (PBS, pH 4) to
obtain 10 mL sample solution. Subsequently, EE-SPME procedure
was applied to extract BPA from extracts of pretreated food
packagings.

3. Results and discussions

3.1. The design of DQTP bonded fiber for EE-SPME of BPA

The b-ketoenamine-linked COF DQTP was in situ synthesized on
SSW via facile solution-phase approach based on Schiff base reac-
tion for EE-SPME. The detailed synthesis process for DQTP bonded
SPME fiber is illustrated in Scheme 1A.Monomer DQwas grafted on
the SSW via the chelate reaction with the metal ions on the rough
surface of etched SSW. Another monomer TP was introduced to
condensate with DQ via Schiff base reaction to form DQTP on the
SSW. After aged at GC injector, we applied the DQTP bonded fiber as
a promising candidate for EE-SPME of typical endocrine disrupting
compound BPA from extracts of food packagings (Scheme 1B). The
successfully fabricated DQTP bonded fiber and a platinum wire
were inserted in the sample solution to establish a complete elec-
trical circuit system. Application of potential made the SPME fiber
positively charged so that improving the extraction of negatively
charged BPA formed by deprotonation in the electric field. Owing to
the synergistic effect of p-p conjugate aggregation, hydrogen
bonding effect and complementary charge interaction, BPA was
extracted onto the fiber from the liquid phase. After the extraction,
the fiber was removed from the vial and thermally desorbed in the
GC injector for GC analysis, where the peak obtained is employed as
the analytical signal for BPA.

3.2. Characterization of the DQTP bonded SPME fiber

The SSW was corroded before bonding coating material DQTP.
Scheme 1. (A) Illustration of in situ fabrication of the DQTP bonded SPME fiber. (B)
Schematic of application of EE-SPME-GC for BPA.
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The smooth bare SSW exhibited rough and metallic surface after
aqua regia etching (Fig. 1A and C). Then DQTP was introduced to
bond on the etched SSW via in situ facile solution-phase approach.
Enlargement photograph shows the surface of SSW turns orange-
red which is consistent with the color of DQTP (Fig. 1B). SEM im-
age further shows the presence of coral-like nanorodes COF coating
on the surface of SSW, which leads to the specific surface area being
increased substantially (Fig. 1D and E). And the thickness of the
DQTP coating is approximately 6.27 mm based on the cross-section
measurement result (Fig. 1F).

The FT-IR spectra of DQTP exhibit the strong characteristic
stretching bands at 1567 cm�1 (C¼C) and 1257 cm�1 (C-N), indi-
cating the formation of b-ketoenamine-linked framework struc-
tures (Fig. 2A). The C¼O stretching peak (1662 cm�1) of TP shifts to
1619 cm�1 in the b-ketoenamine, and the N-H stretching peak
(3334 cm�1) of DQ weakens. These results indicate the successful
condensation of DQ and TP with b-ketoenamine linking. The ni-
trogen adsorption-desorption isotherm shows that the coating
material is microporous structure (Fig. 2B). The total pore volume of
the DQTP coating material is 0.3197 cm3 g�1 and a pore diameter is
approximately 18 Å, which is close to the simulated DQTP pore size
[32]. The DQTP coating is still thermally stable at 350 �C, which is
appropriate for application in GC analysis (Fig. S2). The surface
chemical composition and bonding environment of DQTP on the
SSWwere characterized by XPS. The XPS survey spectrum indicates
the existence of C, O and N elements (Fig. 2C). Three distinct peaks
at 284.79, 286.45 and 288.79 eV are displayed in the C1s high
resolution spectra, respectively corresponding to C¼C, C-O and
C¼O (Fig. 2D). The binding energy peaks of O1s high resolution
spectra at 531.28 and 532.87 eV are ascribed to the oxygen of eOH
and C¼O groups (Fig. 2E). And the peak appears at 400.1 eV in the
N1s high resolution spectra is assigned to C-N bond (Fig. 2F). The
results further prove the synthesis of DQTP on the SSW.

3.3. Optimization of EE-SPME procedure

The DQTP bonded fiber was applied to EE-SPME for quantitative
determination of BPA by GC-FID. In EE-SPME procedure, potential
parameters such as applied potential, sample pH, extraction time,
desorption time and temperature were optimized.

Applied positive potential is an important parameter for EE-
SPME for BPA since deprotonated BPA moves towards the positive
electrode via electrophoresis and complementary charge interac-
tion. Potentials varying from 0.2 to 0.7 V were investigated. As can
be seen from Fig. 3A, the extraction efficiency for BPA increases
with the increasing applied potential from 0.2 to 0.5 V. However,
we note from the extraction efficiency decreases significantly as the
applied potential further increases beyond 0.5 V. This can be
attributed to the oxidation reaction of BPA at higher potential
(>0.5 V) to form quinones which are insufficient response of GC-FID
(Fig. S3). Therefore, applied potential of 0.5 V was selected as the
optimum value in subsequent experiments.

Appropriate pH value can accelerate the protonation of BPA, we
investigated the pH from 4 to 9. It is observed in Fig. 3B that EE-
SPME efficiency gradually decreases with the increase of pH
value, which is due to the negative shift of oxidation potential of
BPA with the increase of pH value, and BPA is more easily oxidized
to quinones in alkaline media [34]. The solubility of weakly acidic
BPA will decrease under acidic conditions, thereby increasing the
partition coefficient between the fiber coating and the sample so-
lution [35]. Considering that the extraction environment with
applied potential is equivalent to the galvanic cell, the corrosion
damage of SPME fiber will be caused under a strong acidic condi-
tion and the life of fiber will be reduced. Therefore, we chose pH of
4 as the optimum value.



Fig. 1. Magnification of (A) etched SSW fiber and (B) DQTP bonded SPME fiber. (Inset) Photograph of as-synthesized DQTP. SEM images of the (C) etched fiber with magnification at
300 � , the DQTP coated SPME fiber with magnification at (D) 300 � and (E) 5000 � , and (F) cross-section of DQTP bonded SPME fiber.
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The effect of extraction time on BPA extraction efficiency was
evaluatedwithin 2e20min (Fig. 3C). The peak area of BPA increases
with extraction time up to 10 min and then reaches extraction
equilibrium. Hence, 10 min was chosen as the operating extraction
time in further experiments. The effects of desorption time and
temperature were also studied (Fig. 3D and E). The results show
that the desorption time of 3 min with desorption temperature at
280 �C is enough to release the adsorbed BPA from the SPME fiber
completely.

3.4. Comparison of different SPME fibers

The researches of extraction efficiency for BPA among the
fabricated DQTP bonded fiber (6.27 mm), etched SSW fiber and
commercial fibers (30 mm PDMS and 65 mm PDMS/DVB) were
conducted under their optimum conditions to evaluate the prac-
tical value. As shown in Fig. 4A, the signal of BPA obtained by DQTP
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coating are higher than those of BPA with etched SSW (24.0-fold),
PDMS (9.7-fold) and PDMS/DVB (1.4-fold), respectively. The higher
extraction efficiency of as-prepared DQTP bonded fiber for BPAmay
resulted from the p-p stacking interaction. XPS experiments of
DQTP before and after BPA adsorptionwere investigated to evaluate
the bonding environment (Fig. 5A and B). The peak of C¼C at
284.77 eV before adsorption shifted to higher binding energy of
284.81 eV after adsorption, indicating that the p-p interaction
between DQTP and BPA [36].

Additionally, UVevis adsorption spectra display a bathochromic
shift of the characteristic peak for BPA after adsorption on DQTP,
further indicating that the p-p interaction exists during the
adsorption of BPA on DQTP (Fig. S4). The suitable pore size of DQTP
(18 Å) and hydrogen bonding effect between the hydroxyl group of
BPA and the carbonyl groups on the pore walls in DQTP may also
play a key role in the extraction process [30,37]. The extraction
equilibrium can be achieved in a shorter time after applying the



Fig. 2. (A) FT-IR spectra of the TP monomer (orange), DQ monomer (blue), the as-synthesized DQTP (red) and DQTP scraped from the SPME fibers (black). (B) N2 adsorption-
desorption isotherms of DQTP coating at 77 K. (Inset) Pore size distribution of the DQTP coating. XPS survey spectrum (C) and high resolution spectra of C1s (D), O1s (E), N1s
(F) of DQTP on the SSW. (For interpretation of the references to color in this figure legend, the reader is referred to the Web version of this article.)
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electric field, attributed to the electrostatic interaction occurred
between the deprotonated BPA and DQTP (Fig. 4B). Based on the
above results, we can assume that the adsorption process between
DQTP and analytes is primarily controlled by p-p interaction and
hydrogen bonding effect (Fig. 5C), and the supplement of an
external electric field on the DQTP fiber can be conducive to
enhancing extraction efficiency.
3.5. Method validation

The analytical performance of our prepared DQTP bonded fiber
for the EE-SPME of BPA was investigated under the optimized
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conditions. The developed method exhibited a linear range of
0.05e10 mg mL�1 for BPA with R2 of 0.9962. The detection limit
(LOD) (S/N ¼ 3) and the quantification limit (LOQ) (S/N ¼ 10) was
calculated to be 3 mg L�1 and 11 mg L�1, respectively. The repeat-
ability of the single fiber evaluated by analyzing six replicate ex-
tractions of three concentration (0.1, 0.5, 1.0 mg mL�1) of BPA
standard solution ranged from 5.2% to 6.7%. Additionally, the
reproducibility in relative standard deviation (RSD) was below 7.1%
for the three parallel prepared fibers under above three concen-
tration of BPA standard solution. These results endowDQTP bonded
fiber EE-SPME with great performance in extraction of bisphenol
analogues and potential as a candidate for sample pretreatment. A



Fig. 3. Effect of experimental conditions on the extraction efficiency of the DQTP bonded fiber for 1 mg mL�1 BPA: (A) applied potential (extraction for 10 min in pH 7 PBS solution,
desorption at 260 �C for 5 min); (B) pH (applied potential at 0.5 V, extraction for 10 min, desorption at 280 �C for 3 min); (C) extraction time (applied potential at 0.5 V, extraction in
pH 4 PBS solution, desorption at 280 �C for 3 min); (D) desorption time (applied potential at 0.5 V, extraction for 10 min in pH 4 PBS solution, desorption at 280 �C); (E) desorption
temperature (applied potential at 0.5 V, extraction for 10 min in pH 4 PBS solution, desorption for 3 min).

Fig. 4. (A) Chromatograms obtained for the analysis of a 1 mg mL�1 BPA standard with different fibers under their optimum conditions: (a) etched SSW fiber (extraction for 10 min
in pH 4 PBS solution, desorption at 280 �C for 3 min), (b) commercial PDMS coated fiber (extraction for 40 min in pH 7 PBS solution, desorption at 280 �C for 5 min), (c) commercial
PDMS/DVB coated fiber (extraction for 40 min in pH 7 PBS solution, desorption at 270 �C for 5 min) and (d) DQTP bonded SPME fiber (extraction for 20 min in pH 4 PBS solution,
desorption at 280 �C for 3 min). (B) Comparison of extraction efficiency of DQTP SPME and DQTP EE-SPME (extraction in pH 4 PBS solution, desorption at 280 �C for 3 min).
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comparison of our method with previous SPME methods for the
determination of BPA in terms of coating sorbents, amount of
material onto the fiber coating, coating preparation time, linear
range, LOD, extraction speed and desorption temperature is pre-
sented in Table 1. The combination of DQTP bonded fiber with EE-
SPME provides a high-efficiency analysis with the extraction in
10 min per sample. Besides, the linear range and LOD of our as-
fabricated fiber with less coating materials are comparable with
previously reported methods. According to the maximum
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migration of BPA (0.05 mg kg�1) in food packagings established by
European Union [40], the as-proposed method can meet the re-
quirements of BPA detection in real samples.

3.6. Application to real samples

After successful validation, the practical applicability of the
proposed method for the determination of BPA in extracts of three
food packagings (mineral water bottles, milk boxes and milk tea



Fig. 5. XPS spectra: C1s of DQTP before (A) and after (B) adsorption of BPA. (C) Illustration of p-p interaction and hydrogen bonding between BPA and DQTP for the adsorption.

Table 1
Comparison with previous reported methods for the determination of BPA.

Method Coating Coating preparation
time (h)

Linear range (mg
L�1)

LOD (mg
L�1)

Extraction time
(min)

Desorption temperature
(�C)

EE-SPME-GC-FID [20] Three-dimensional graphene (25 mm) 7.5 100e10000 6 10 280
SPME-GC-MS [38] Polypyrrole/nanosilica (50 mm) 1.5 0.05e50 0.01 40 280
PT-SPE-GC-MS [39] Dummy molecularly imprinted polymer

(150 mg)
16 50e500 50 e 280

EE-SPME-GC-MS [16] PDMS (30 mm) e 2e100 0.096 20 290
EE-SPME-GC-FID (This

work)
COF DQTP (6.7 mm) 4 50e10000 3 10 280

Table 2
Recoveries (%), RSD (%, n ¼ 3, in parentheses) and concentrations (mg g�1) of BPA in
extracts of different food packagings.

Samples Concentration Recovery

0.1 1.0

Mineral water bottle 1# 0.02 (2.7) 94.9 (1.5) 117.2 (3.1)
Mineral water bottle 2# NDa 108.3 (7.8) 113.4 (7.2)
Mineral water bottle 3# ND 88.6 (1.6) 107.0 (6.1)
Milk box 1# 0.03 (2.5) 107.8 (1.8) 89.3 (5.5)
Milk box 2# 0.02 (3.3) 102.7 (1.5) 101.7 (3.6)
Milk tea cup 0.02 (3.3) 90.2 (7.5) 118.0 (1.9)

a ND, not detected.
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cups) were evaluated (Fig. S5). As shown in Table 2, BPA is actually
monitored in mineral water bottles and milk boxes with a
maximum concentration of 0.02 mg g�1 (RSDs < 2.7) and
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0.03 mg g�1 (RSDs < 3.3), respectively. And the content of BPA is
detected to be 0.02 mg g�1 in milk tea cups (RSD ¼ 3.3). The ac-
curacy of the developed method was verified by a recovery study
with spiking BPA at two concentration levels (0.1 and 1.0 mg g�1) in
extracts of food packagings. The recoveries ranged from 88.6 to
117.2% in mineral water bottles, 89.3e107.8% in milk boxes and
90.2e118.0% in milk tea cups, which indicate that our method is
feasible for rapid extraction and accurate determination of BPA in
real samples.

4. Conclusions

We reported an in situ facile solution-phase approach for the
fabrication of DQTP bonded EE-SPME fiber, and its application for
the enrichment of BPA in extracts of food packagings. The prepared
DQTP bonded fiber coupled with EE-SPME has an acceptable linear
range and detection limit with satisfactory reproducibility,
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precision and recovery. This work provides an efficient pre-
concentration tool for the enrichment and detection of BPA in real
samples, and is expected to extend its application in the extraction
of similar polar or ionic analytes.
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