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a b s t r a c t

A novel molecular complex-based dispersive liquid–liquid microextraction (DLLME) method was estab-
lished via hydrogen bond interaction between the extractant and the analytes. In this approach,
tri-n-butylphosphate (TBP), a Lewis base, was directly used, instead of the traditional water-immiscible
organic solvents, as the extractant for DLLME. The phenols (p-benzenediol, m-benzenediol, o-benzenediol
and phenol), which are typical Lewis acids, were successfully extracted from environmental aqueous sam-
ples. In addition, phase separation was achieved in a disposable polyethylene pipet with the open and
narrow tip upside, for a collection of the above extractant layer, i.e. TBP. To achieve satisfactory extraction
performance, several extraction parameters, such as type of extractant solvents, extractant volume, pH
of sample solution, ionic strength of sample solution and extraction time, were optimized. Additionally,
the proposed method was applied to environmental water samples. Under the optimized conditions, the
limits of detection and limits of quantification for the phenols were 7–29 and 25–98 �g/L, respectively.

2
The calibration curves showed good linearity (r ≥ 0.9961) over the investigated concentration range.
The repeatability of the method was investigated by evaluating the intra- and inter-day precisions. The
relative standard deviations (RSDs) obtained were lower than 11.2% and 13.9% at different concentration
levels. The recoveries ranged from 83.2% to 117.8%, with RSDs less than 13.1%. The developed approach
provides a new way to facilitate DLLME of organic polar compounds from aqueous solutions. Moreover, it
enables a convenient collection of solvent less dense making use of a cheap and disposable polyethylene

pipet.

. Introduction

Sample preparation, which aims at concentrating analytes of
nterest and/or eliminating/decreasing matrix interference, is of
reat importance for complex sample analysis. An ideal sam-
le preparation method should have favorable features, e.g. low
onsumption of samples and reagents, high capability of precon-
entration, high throughput and operational convenience [1,2].
iniaturization and automation are the approaches towards

hese goals. In the past two decades, a diversity of minia-
urized extraction methods, especially microextractions, such
s solid-phase microextraction (SPME) [3,4] and liquid-phase
icroextraction (LPME) [5,6], have been developed. Wide appli-

ations of these technologies have manifested their advantages

f high sensitivity, simplicity, environmental friendship as well
s ease of automation. However, because of the limited inter-
ace between the samples and the extractants, for most of these
echniques, a considerable extraction time is required to obtain

∗ Corresponding author. Tel.: +86 27 68755595; fax: +86 27 68755595.
E-mail address: yqfeng@whu.edu.cn (Y.-Q. Feng).

021-9673/$ – see front matter © 2010 Elsevier B.V. All rights reserved.
oi:10.1016/j.chroma.2010.09.013
© 2010 Elsevier B.V. All rights reserved.

satisfactory extraction efficiency. To enhance extraction efficiency
further, timesaving sample preparation methods are necessary
[6].

Recently, a new microextraction technique, dispersive
liquid–liquid microextraction (DLLME), has drawn much atten-
tion [6–13]. In addition to the merits of other microextraction
techniques, a notable advantage of it is timesaving. In DLLME,
the extraction solvent (water immiscible) is dispersed in aqueous
sample solutions with the assistance of a disperser solvent (water
miscible). In such a dispersive mode, the contact between the
extractant and the analytes is dramatically increased. As a result,
the extraction is almost time-independent, which is admirable in
high throughput sample preparations.

Nevertheless, the recovery of the extractants dispersed in aque-
ous solutions is somewhat inconvenient. Currently, high-density
organic solvents such as chlorobenzene, chloroform and car-
bon disulfide, are recovered after extraction using centrifugation.

For extractants with density lower than water, special appara-
tuses, materials or techniques were proposed for their retrieval
[2,6,11–14]. In such cases, any kind of solvents immiscible with
aqueous solutions can be utilized in DLLME, which expands the
applicability of this technique.

dx.doi.org/10.1016/j.chroma.2010.09.013
http://www.sciencedirect.com/science/journal/00219673
http://www.elsevier.com/locate/chroma
mailto:yqfeng@whu.edu.cn
dx.doi.org/10.1016/j.chroma.2010.09.013
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In traditional DLLME, the partition of analytes in the extrac-
ion solvents and aqueous phases is determined by their solubility
n these two phases. For analytes with high oil–water partition
oefficients, such as hydrophobic polycyclic aromatic hydrocar-
ons (PAHs), high enrichment factor is easily achieved. However,
or hydrophilic analytes, including metal ions and polar organic
hemicals, the extraction by traditional DLLME may be problematic.

Recently, several reports of DLLME based on chemical or elec-
ric interaction have been documented [15–19]. In these reports,
ppropriate chemicals were added into the extractants to form ion
air or ion association with the target analytes (metal ions), which
romoted the extraction. Though this approach has opened a new
oute in DLLME, for most organic analytes, the method is not appli-
able. To discover new DLLME methods suitable for organic polar
nalytes remains a challenge.

Phenols are toxic compounds widely existed in environment,
hich have been included in the US Environmental Protection
gency (EPA) (Methods 604) list of priority pollutants [20]. EPA reg-
lations call for lowering phenol content in the wastewater to be

ess than 1 mg/L [21]. The National Standard of Integrated Wastew-
ter Discharge of China (GB 8978-1996) also sets a maximum
oncentration of 300 �g/L. To determine phenols or phenol deriva-
ives, several pretreatment methods, such as DLLME [22–26], SPE
27–29], SPME [30] and liquid–liquid –liquid microextraction [31],
ave been reported for their extraction, followed by liquid chro-
atography (LC) or capillary zone electrophoresis (CZE) separation

oupled with ultraviolet (UV) [27,28,30,31], mass spectrometric
MS) [29] or electrochemical (EC) detection [32–36].

In this work, for the first time, a new DLLME method based
n extracting the analytes by molecular complex was proposed.
ri-n-butylphosphate (TBP) was used as the extractant as well as
he complex reagent to extract some phenols from environmen-
al aqueous samples. The Lewis acid–base interaction between TBP
nd the phenols led to a satisfactory extraction result. Another
otable feature of the present work is that the extraction is achieved

n a cheap, disposable polyethylene pipet. Compared with previous
LLME using extractants less dense, in which special devices or

edious procedures were necessary, the proposed method is obvi-
usly easy, simple and economical.

. Experimental

.1. Chemicals and reagents

Sodium hydroxide (NaOH), hydrochloric acid (HCl), acetic
cid, n-octanol, methyl iso-butyl ketone (MIBK), and tri-n-
utylphosphate (TBP) were purchased from Shanghai General
hemical Reagent Factory (Shanghai, China) and were of analytical
eagent grade. Acetonitrile, n-hexane, and methanol (HPLC grade)
ere purchased from Fisher Scientific (Massachusetts, USA). Puri-
ed water was obtained with an Aike water purification apparatus
Chengdu, China). p-Benzenediol, m-benzenediol, o-benzenediol
nd phenol were purchased from Acros (New Jersey, USA). The
isposable polyethylene pipets were purchased from Weierkang
edical Plastic Factory (Jiangsu, China). The sketch of it was plotted

n Fig. 1.

.2. Sample preparation

A stock solution (containing 1000 mg/L of each analyte) was pre-

ared by dissolving the standards with water and was stored in the
efrigerator at 4 ◦C. Water samples were prepared by spiking deion-
zed water with the analytes at a known concentration (1.0 mg/L)
o study the extraction performance under different conditions.
he pH value of the samples was adjusted to 2.0 with 0.1 mol/L
Fig. 1. The sketch of the disposable polyethylene pipet (the unit of length: cm).

HCl or NaOH before extraction, which value was determined by
a Delta 320 pH-meter (Mettler Toledo, Switzerland). The samples
were processed directly or after being spiked with the phenols at a
concentration level of 1.0 mg/L.

2.3. Extraction procedures

The extraction procedures are illustrated in Fig. 2. An aliquot of
the sample (3.7 mL, pH 2.0) containing the analytes was placed in a
disposable polyethylene pipet. Subsequently, a mixture of 50 �L of
TBP (as the extractant) and 0.5 mL of methanol (as the disperser sol-
vent) were injected into the sample solution with a 1.0-mL syringe
rapidly. Once the organic mixture was injected, a cloudy solution
consisting of many dispersed fine droplets was formed (Fig. 2b).
Subsequently the pipet was placed into a 10-mL Eppendorf tube
and was agitated with a vortex mixer for 0.5 min. Then it was cen-
trifugated at 5000 rpm for 5.0 min. As a result, the organic phase
(32 �L) floated on the aqueous solution was concentrated in the
narrow neck of the pipet (Fig. 2d), which can be easily withdrawn
by a 10.0-�L microsyringe (Shanghai Gaoge, Shanghai, China).

2.4. HPLC separation
An Agilent 1100 liquid chromatography system (Agilent Tech-
nologies, California, USA) equipped with a diode array detector
and a quaternary pump was used. The analytes were separated
on a homemade ODS column (250 mm × 4.6 mm i.d., 5 �m) with
methanol–water (3/7, v/v, containing 1% acetic acid) as the mobile
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reagent for several phenols, which are typical Lewis acids. As shown
in Fig. 3, via hydrogen bonding, a molecule complex is formed
between TBP and the phenols. Additionally, since TBP is hardly
soluble in water, it also directly acted as the extractant in this study.

P O

O

O +

OH

P O

O

O OH
ig. 2. Schematic diagrams of different steps of DLLME: (a) before injection of disp
ne particles in cloudy state; (c) the pipet was placed into a 10-mL Eppendorf tube
hase.

hase. The flow rate was 1.0 mL/min and the detection wavelength
as 274 nm. The column temperature was set at 40 ◦C and the injec-

ion volume was 5 �L. The data were collected and processed by
gilent ChemStation software.

. Results and discussion

.1. Extraction mechanism

Classical DLLME is based on the better dissolution of ana-
ytes in organic extractants than in aqueous samples. Nonpolar
r hydrophobic analytes can be extracted by classical DLLME very
ell. However, for most polar or hydrophilic analytes, they cannot

e easily partitioned to organic solvents as hydrophobic ones do. As
result, classical DLLME may not work for them. Therefore, chem-

cal reaction was used to assist DLLME of polar compounds, e.g.
hlorophenols, from aqueous solution [37,38]. However, introduc-
ion of chemical reaction to extraction is confined to the reactivity

f analytes as well as the chemicals added. Development of new
LLME methods suitable for polar analytes remains necessary.

It is known that many analytes can form molecule complex
ia hydrogen bonding. Compared with strong covalent bond and
eak molecule interaction such as van der Waals force, hydrogen
olvent and extractant into sample solution; (b) injection and enlarged view of the
optical photography after centrifugation and enlarged view of the floating organic

bond could provide stable as well as reversible interaction between
molecules [39–42]. The complex would exhibit different character-
istics from the analyte itself, including solubility, hydrophobicity or
hydrophilicity, etc. As a result, their extraction behavior would be
different.

Herein, a new DLLME method, based on hydrogen bond inter-
action, was proposed. TBP, a Lewis base, was used as the complex
O O

Fig. 3. Representative equilibrium equation of hydrogen bond interaction.
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ig. 4. Comparison of different extractants in extraction efficiency. The samples
ere spiked with 1 mg/L of each analyte. DLLME conditions: 3.7 mL of sample

pH 2.0), 50 �L of extractant, 2.0 min for extraction, centrifugation at 5000 rpm for
.0 min.

.2. Extraction device

In DLLME, organic extractants with density higher than water
ere readily recovered by centrifugation. However, for extractants

ess dense, the recovery step is relatively tedious. Hitherto, several
ethods have been developed for this purpose, including solid-

fication of the floating organic drops [11,13,14], adsorption by
anoparticles [6], centrifugation in special designed apparatuses
2,12]. In this work, we provided a much simpler method to recover
he extractant of TBP, using a disposable polyethylene pipet as the
xtraction device. After DLLME, the pipet was placed into an Eppen-
orf tube and was then centrifugated to separate the TBP from the
queous solution. Since the pipet has a narrow neck, the TBP was
eadily phase separated for recovery. It is manifest that the new
xtraction device is simple, facile and economical.

.3. Comparison of several extractants

For comparison, in addition to TBP, several extractants com-
only used in DLLME such as n-hexane, n-octanol, MIBK and the
ixtures of TBP and these solvents, were investigated to study

heir extraction behavior for the phenols. The results are shown
n Fig. 4. It is observed that pure TBP shows the best extraction
esults, followed by the extractants containing TBP and finally by
he extractants without TBP. These results indicate that TBP was
ital for a successful extraction of the phenols. The explanation
o this observation could be the formation of a molecule complex
etween TBP and the phenols. These results demonstrate a novel
echanism for constructing DLLME methods, which is anticipated

o open a new route for related extraction researches.

.4. Optimization of the DLLME

Several parameters, including TBP volume, type and volume
f disperser solvents, ion strength and extraction time, were
nvestigated to achieve the optimal extraction conditions. Every
xperiment was repeated three times.
.4.1. Extractant volume
The effect of TBP volume on the extraction efficiency was inves-

igated, with TBP ranging from 30 to 100 �L. As shown in Fig. 5, the
eak areas decreased as the TBP volume increased. Although the use
Fig. 5. Effect of the volume of the extractant on extraction efficiency.

of less extractant would lead to higher enrichment, after extraction,
the collection of the floating organic solvent was an obstacle if less
than 50 �L of TBP was used. Therefore, 50 �L was selected as the
compromise extractant volume.

3.4.2. Disperser solvents
In DLLME, disperser solvents are used to facilitate the dis-

persion of extractants in aqueous solutions to accelerate the
extraction. Acetone, methanol, tetrahydrofuran and acetonitrile,
which are commonly used disperser solvents, were investigated
in this study. The result indicated that, when acetone or methanol
were used as the disperser solvents, better extraction performance
was achieved. Considering the compatibility with the HPLC mobile
phase (methanol–water mixture), methanol was selected.

The volume of the disperser solvent was also investigated. The
results indicate that, when methanol was less than 500 �L, TBP
could not be dispersed in aqueous solutions very well, while an
excess of methanol may decrease the extraction efficiency. There-
fore, 500 �L was selected as the suitable volume for the disperser
solvent.

3.4.3. The pH of sample solutions
In this study, the phenols were extracted by hydrogen bond

interaction with TBP. As the molecular status of the phenols is
severely affected by the pH of the solutions, this parameter is
expected to significantly influence the extraction performance of
the proposed method. The pH of the sample solutions was inves-
tigated in the range of 2–11. As shown in Fig. 6, the peak areas
of the phenols decreased a little as the pH increased from 2.0 to
9.0; as the pH was further increased, the peak areas decreased dra-
matically. This behaviour should be ascribed to the change in the
molecular status of the phenols. The pKa values of p-benzenediol,
m-benzenediol, o-benzenediol and phenol are 9.91, 9.44, 9.36 and
9.99, respectively. When the pH is less than the pKa values, the
phenols exist in their neutral forms, which is beneficial for the for-
mation of the molecule complex with TBP. However, when the pH
is higher than the pKa values of the analytes, they were ionized,
which was detrimental to the formation of the complex. Therefore,
at high pH values, the extraction performance decreased sharply.
The results demonstrate that a pH value of 2.0 is the most optimal

for the extraction.

3.4.4. Ion strength
Sodium chloride in the range of 0–12.7 mmol was added to

the sample solution in order to investigate the influence of ionic
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Table 1
Linear range, regression data, limits of detection (LODs), limits of quantification
(LOQs) of the phenols of the DLLME method.

Analytes Linear range
(mg/L)

r2 LOD (�g/L) LOQ (�g/L)

p-Benzenediol 0.05–100 0.9982 16 53

T
C

Fig. 6. Effects of different pH on extraction efficiency.

trength on the extraction. The results (no shown) demonstrate
hat the salt addition had no significant effect on the extraction of
he phenols. Therefore, no salt was added to the sample solution in
ubsequent experiments.
.4.5. Extraction time
DLLME is notable for fast extraction. In this study, the extraction

ime (that is the agitation time on the vortex mixer) was inves-
igated over the range of 0–5 min (0, 0.5, 1, 2, 3, 4, 5 min). The
esults indicate that the extraction efficiency was increased by vor-

able 2
omparison of sample preparation procedures and LODs among different methods.

Matrix Extraction
technique

Characteristics

River water On-line SPE Polymeric sorbent materials (Hysph
and Hysphere-SH)

Tap, river water On-line SPE polypyrrole

River water, wastewater and
treatment plant influents

On-line SPE Polymer based SPE adsorbents (Hys
GP, Oasis HLB)

River water SPME Carbowax–templated resin (CW–TP
polydimethylsiloxane–divinylbenze
(PDMS–DVB)

Lake water, landfill leachate LLLME a new LLLME apparatus

Distilled water – CZE

Hair dyes – CZE

Artificial wastewater – Nanogold/glassy carbon modified
electrode (nano-Au/GCE)

Tap water, local river – Disposable electrode modified with
multiwalled carbon nanotubes (MW
and gold nanoparticles (AuNPs)

Artificial sewage sample – The single-wall carbon nanotube (S
electrode

Tap water, East Lake water,
sewage outfall of a
hospital, a fishpond, waste
outlet of a hoggery and a
fermentation factory

DLLME Molecular complex
m-Benzenediol 0.05–100 0.9961 15 49
o-Benzenediol 0.05–100 0.9992 7 25
Phenol 0.1–100 0.9966 29 98

tex agitation within 0.5 min, and the prolonged vortex time did not
provide any increase in extraction efficiency. Hence, 0.5 min was
selected as the extraction time.

3.5. Method evaluation

A series of experiments with regard to the linearity, limit of
detection (LOD) and reproducibility were performed to validate the
proposed method at the optimized working conditions. The results
obtained are listed in Table 1. It can be observed that good lineari-
ties were obtained for the phenols ranging from 0.05 to 100 mg/L,
with regression coefficients (r2) higher than 0.9961. The LODs for
the phenols, calculated at a signal-to-noise of 3, ranged from 7 to
29 �g/L. The limits of quantitation (LOQs), calculated at a signal-

to-noise of 10, were in the range of 25–98 �g/L. The enrichment
factors of the phenols were calculated to be 51.6, 48.4, 35.4 and
55.3 times for p-benzenediol, m-benzenediol, o-benzenediol and
phenol, respectively. Comparing with previous procedures for the
analysis of phenols, as shown in Table 2, the proposed method is

LOD Instrumental
analysis

Ref.

ere-GP Phenol: 1 �g/L HPLC-UV [27]

Phenol: 0.07 �g/L LC-UV–vis [28]

phere Phenol: 14–197 ng/L LC–APCI-MS [29]

R) and
ne

Phenol: 10 �g/L HPLC-UV [30]

p-Benzenediol: 0.6 �g/mL HPLC-UV [31]
o-Benzenediol: 0.6 �g/mL
m-Benzenediol: 0.6 �g/mL
Phenol: 0.5 �g/mL

p-Benzenediol: 0.19 × 10−6 mol/L EC [32]
o-Benzenediol: 0.28 × 10−6 mol/L
m-Benzenediol: 0.22 × 10−6 mol/L

As low as 10−7 mol/L EC [33]

p-Benzenediol: 5.0 × 10−7 mol/L EC [34]
o-Benzenediol: 6.5 × 10−7 mol/L
m-Benzenediol: 9.0 × 10−7 mol/L

CNTs)
p-Benzenediol: 3.9 × 10−7 mol/L EC [35]
o-Benzenediol: 2.6 × 10−7 mol/L
m-Benzenediol: 7.2 × 10−7 mol/L

WNT) p-Benzenediol: 1.2 × 10−7 mol/L EC [36]
o-Benzenediol: 2.6 × 10−7 mol/L
m-Benzenediol: 3.0 × 10−7 mol/L

p-Benzenediol: 16 �g/L LC-UV This work
o-Benzenediol: 7 �g/L
m-Benzenediol: 15 �g/L
phenol: 29 �g/L
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Table 3
Repeatability of the DLLME method.

Analyte Intra-day precision (RSD %, n = 6) Inter-day precision (RSD %, n = 3)

Lowa Medium High Low Medium High

p-Benzenediol 3.9 5.8 5.6 10.8 2.1 3.0
m-Benzenediol 5.4 6.6 6.8 4.2 4.2 5.7
o-Benzenediol 11.2 5.2 5.0 13.9 4.5 2.9

6.8 7.8 5.1 6.7

g/L respectively.
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Fig. 7. Chromatograms of spiked and not spiked samples. Mobile phase:
methanol/water (3:7, v/v, containing 1% acetic acid), flow rate: 1.0 mL/min and

T
D

Phenol 5.7 6.7

a The low, medium and high concentrations of the phenols were 0.1, 1.0 and 10 m

uch more sensitive than most of them. Moreover, the extraction
rocess is simpler and more economical.

The repeatability of the proposed method was evaluated by
nvestigating the intra- and inter-day precisions. The results, shown
n Table 3, demonstrate that the relative standard deviations (RSDs)

ere less than 11.2% and 13.9%, respectively.

.6. Analysis of real water samples

The proposed method was applied to the analysis of environ-
ental water samples from a tap in our laboratory, East Lake,

ewage outfall of a hospital, a fishpond, waste outlet of a hog-
ery and a fermentation factory. All the samples were collected in
uhan, China. The results are listed in Table 4. It can be observed

hat 360 �g/L phenol in the East Lake water, and 370 �g/L p-
enzenediol, 980 �g/L phenol in sewage outfall of a hospital were
etected, which are higher than the criterion of National Standard
f Integrated Wastewater Discharge of China (phenol: 300 �g/L, GB
978-1996). No analyte was found in the other water samples. The
hromatograms of spiked and not spiked samples were shown in

ig. 7. Recovery was studied by the spiked water samples. Satisfied
ecoveries in the range of 83.2–117.8% were obtained, with RSDs
anging from 2.1% to 13.1% (as shown in Table 4). These results
emonstrated that the proposed method was reliable for the anal-
sis of the phenols in environmental water samples.

detection wavelength: 274 nm. (a) Sewage outfall of a hospital before DLLME; (b)
sewage outfall of a hospital after DLLME; (c) sewage outfall of a hospital spiked with
1.0 mg/L analytes extracted by the DLLME. Peak identification: (1) p-benzenediol;
(2) m-benzenediol; (3) o-benzenediol; (4) phenol.

able 4
etermination of the phenols in environmental samples by DLLME.

Sample Analyte Detected-Ia (�g/L) Added (�g/L) Detected-IIb (�g/L) Recovery (%) RSD (%)

Tap water

p-Benzenediol N.D.c 1000 860 85.8 9.9
m-Benzenediol N.D. 1000 960 96.4 2.7
o-Benzenediol N.D. 1000 950 94.8 2.1
Phenol N.D. 1000 1060 105.9 12.3

The East Lake water

p-Benzenediol N.D. 1000 830 83.2 9.1
m-Benzenediol N.D. 1000 1000 100.2 9.3
o-Benzenediol N.D. 1000 960 95.6 8.2
Phenol 360 1000 1370 100.5 13.1

Sewage outfall of a
hospital

p-Benzenediol 370 1000 1260 89.8 8.1
m-Benzenediol N.D. 1000 940 93.9 3.8
o-Benzenediol N.D. 1000 920 92.0 5.4
Phenol 980 1000 1840 85.9 6.6

Water of a fishpond

p-Benzenediol N.D. 1000 910 90.6 4.4
m-Benzenediol N.D. 1000 1030 103.4 3.7
o-Benzenediol N.D. 1000 1040 104.2 3.0
Phenol N.D. 1000 1120 112.1 4.5

Waste water of a
hoggery

p-Benzenediol N.D. 1000 950 94.5 6.7
m-Benzenediol N.D. 1000 1090 109.1 6.3
o-Benzenediol N.D. 1000 1030 103.0 5.8
Phenol N.D. 1000 1040 104.1 6.5

Waste water of a
fermentation factory

p-Benzenediol N.D. 1000 900 90.3 2.1
m-Benzenediol N.D. 1000 1030 102.7 4.2
o-Benzenediol N.D. 1000 990 99.5 4.5
Phenol N.D. 1000 1180 117.8 5.1

a The samples were analyzed directly.
b The samples were analyzed after spiking.
c N.D. not detected.
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. Conclusion

In the present study, a novel molecular complex-based
ispersive liquid–liquid microextraction (DLLME) method was
eveloped. Tri-n-butylphosphate (TBP) was used as the extractant
s well as the complex reagent to extract some phenols from envi-
onmental aqueous samples. The molecule complex was formed
etween the extractant and the analytes via hydrogen bond inter-
ction. This new technique expanded the application of classical
LLME for various organic analytes. Another notable feature of the
roposed method is that the extraction is achieved in a cheap, dis-
osable polyethylene pipet. Compared with previous DLLME using
xtractants less dense, in which special devices or tedious pro-
edures were necessary, the proposed method is obviously easy,
imple and economical. Under the optimal extraction condition,
ood linearity and repeatability were also achieved.
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