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A  new  design  of hyperbranched  polyglycerol/graphene  oxide  nanocomposite  reinforced  hollow  fiber
solid/liquid  phase  microextraction  (HBP/GO  −HF-SLPME)  coupled  with  high  performance  liquid  chro-
matography  used  for  extraction  and  determination  of ibuprofen  and  naproxen  in hair  and  waste  water
samples.  The  graphene  oxide  first  synthesized  from  graphite  powders  by using  modified  Hummers
approach.  The  surface  of  graphene  oxide  was  modified  using  hyperbranched  polyglycerol,  through  direct
polycondensation  with  thionyl  chloride.  The  ready  nanocomposite  later  wetted  by a  few  microliter  of
an organic  solvent  (1-octanol),  and  then  applied  to  extract  the target  analytes  in direct  immersion  sam-
pling  mode.After  the  extraction  process,  the analytes  were  desorbed  with  methanol,  and  then  detected
via  high  performance  liquid  chromatography  (HPLC).  The  experimental  setup  is  very simple  and  highly
affordable.  The  main  factors  influencing  extraction  such  as;  feed  pH,  extraction  time,  aqueous  feed  vol-

ume,  agitation  speed,  the amount  of  functionalized  graphene  oxide  and  the  desorption  conditions  have
been  examined  in detail.  Under  the optimized  experimental  conditions,  linearity  was  observed  in  the
range  of  5–30,000  ng mL−1 for ibuprofen  and 2–10,000  ng mL−1 for  naproxen  with correlation  coeffi-
cients  of 0.9968  and  0.9925,  respectively.  The  limits  of  detection  were  2.95  ng mL−1 for  ibuprofen  and
1.51  ng  mL−1 for naproxen.  The relative  standard  deviations  (RSDs)  were  found  to be  less  than  5% (n  =  5).

© 2016  Elsevier  B.V.  All  rights  reserved.
. Introduction

Ibuprofen (IBU) and naproxen (NAP) are non-steroidal anti-
nflammatory drugs (NSAIDs) that have been widely used treat pain
nd inflammation in rheumatic disease and other musculoskeletal
isorders [1]. Because of their effectiveness in suppressing or pre-
enting inflammation, NSAIDs are becoming the most commonly
sed medicines around the world [2]. Although NSAIDs are per-
eived as safe drugs within a short time usage, certainly long-term
dverse effects can be associated such as gastrointestinal bleeding,
cute kidney injury and cardiovascular risks [3]. Besides, NSAIDs
erve as endocrine disruptors in environmental aqueous samples,

eading to changes and damage of aquatic animals [4]. There is no
oubt that the risks of NSAIDs can be serious, the degree of risk
rom NSAIDs varies greatly from one person to another. According

∗ Corresponding author.
E-mail address: eshaghi@pnu.ac.ir (Z. Es’haghi).

ttp://dx.doi.org/10.1016/j.jchromb.2016.07.010
570-0232/© 2016 Elsevier B.V. All rights reserved.
to the report of American Gastroenterological Association (AGA),
each year the side effects of NSAIDs endanger the lives of thousands
of people and kill many of them in the USA [5]. Evenly, this goes the
same for the other countries, including Iran [6]. Therefore, monitor-
ing of NSAIDs in environmental and biological samples is of great
importance to protect humans from the disturbance of NSAIDs. On
the other hand, this class of compounds is of important due to their
physicochemical properties: high water solubility, low pKa values,
low adsorption coefficients [7].

Several methods for determination of concentrations of NSAID
are described in the literature, such as high performance liquid
chromatography [8,9] gas chromatography [10], capillary elec-
trophoresis [11], spectrophotometry [12], and voltammetry [13].
Pharmaceutical residues are usually present in environmental
and biological samples in trace levels; therefore, a preconcentra-

tion step is generally required for determination of them as the
pollutants. A variety of extraction methods such as solid phase
extraction (SPE) [14,15], solid phase microextraction (SPME) [16],
stir bar sorptive extraction (SBSE) [17], single-drop microextraction

dx.doi.org/10.1016/j.jchromb.2016.07.010
http://www.sciencedirect.com/science/journal/15700232
http://www.elsevier.com/locate/chromb
http://crossmark.crossref.org/dialog/?doi=10.1016/j.jchromb.2016.07.010&domain=pdf
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SDME) [18], liquid–liquid–liquid microextraction (LLLME) [19],
nd hollow-fiber liquid-phase microextraction (HF-LPME) [20],
ave been applied to increase the concentration of NSAIDs existing
t very low levels in environmental and biological samples. Among
he various sample pre-treatment techniques, in-tube solid phase

icroextraction (in-tube SPME) has the advantages of low cost,
imple operation, fast speed, high selectivity, low sample/reagent
onsumption as well as easy-to-automate and has been widely used
or analysis of trace organic and inorganic analytes [21,22]. A large
umber of new SPME coatings have been increasingly developed,
uch as single-walled carbon nanotubes [23], chitosan [24], alumina
25] and silica modified coatings [21].

Recently, hollow fiber supported in-tube SPME (called in tube
F-SPME) developed due to its high porosity and superior stability

26]. Hollow fiber solid/liquid phase microextraction (HF-SLPME),
hich introduced for the first time by our research group, has

een shown is one of the most effective methods for the removal
f pollutants from contaminated water [27]. In this method, a
onventional two phases hollow fiber liquid phase microextrac-
ion (HF-LPME) was developed, where the organic acceptor phase
s reinforced with a nanocomposite. Therefore, we  decided to
romote the HF-LPME technique by inserting a dispersed mix-
ure of n-octanol/functionalized graphene oxide into the pores of
olypropylene hollow fibers.

Graphene, are markable new member of carbon materials, has
 great attention in the field of material science due to its strange
lectrical, thermal, mechanical, and structural properties [28–30].
t has been reported hat graphene possesses a high theoretical
pecific surface area (2630m2/g) [31], suggesting a high sorption
apacity. In addition, due to its large delocalized �-electron sys-
em, graphene can form a strong �–� stacking interaction with the
enzene ring [32]. Graphene oxide (GO), the oxidized derivative of
raphene, is accessible through the oxidation of natural graphite
owder [33]. GO contains a large number of oxygen atoms on its
ano-sheet surface in the form of epoxy, hydroxyl, and carboxyl
roups [34]. In this study, GO was modified by hyperbranched poly-
er  in order to obtain a high adsorption capacity. Hyperbranched

olymers have been broadly studied because of their capacity appli-
ations [35]. Their degree of branching, which explains the ratio
f branches, terminals, and linear units in the polymer, is the
ost well-liked characteristic of them [36–38]. These unique poly-
ers used in polymer electrolyte because of their lower degree of

hain interactions that come with increased chain length, lower
lass-transition temperature, and the greater number of cavities
ompared to linear polymers.

Hyperbranched polyglycerol (HBP) has been confirmed to be
 type of extremely biocompatible polymer, which can be eas-
ly synthesized in a one-pot reaction in a high yield [39,40]. HBP

acromolecule (Fig. 1a) includes of many hydroxyl groups and
olyether parts, which equips a spherical structure and excellently
ranched structures. The embracing hydroxyl groups can create
hemically bound with the various functional groups.

A functionalized polymer in the present context is a synthetic
acromolecule to which a chemically functional group is bounded.

n this work, graphene oxide has been functionalized with HBP
Fig. 1b) in the presence of thionyl chloride as a solvent.

. Experimental

.1. Materials and methods
.1.1. Standards and reagents
Ibuprofen and naproxen were purchased from the rouz darou

harmaceutical Company (Tehran, Iran) and were of pharma-
eutical quality. All of the solvents, were of HPLC grade and
Fig. 1. a) Structure of Hyperbranched polyglycerol (HBP) [39], b) Structure of
graphene oxide [34].

all chemical reagents were of analytical grade and they sup-
plied by Merck chemical company (Darmstadt, Germany). Graphite
powder (<150 �m,  99.99%) was purchased from Sigma-Aldrich.
Q3/2 Accurel polypropylene microporous hollow-fiber membrane
(200 �m wall thickness, 600 �m inner diameter, 0.2 �m pore
size, 75% porosity) was  obtained from Membrana (Wuppertal,
Germany). Stock standard solutions of ibuprofen and naproxen
(500 mg  L−1) were prepared by dissolving 5 mg of these analytes
in 5 mL of methanol. Standard sample solutions were prepared
daily at different concentrations by diluting the stock solutions with
de-ionized water, which was  purified in a Milli-Q filtering system
(Millipore). The stock standard and sample solutions were stored
at 4 ◦C. The pH of the solutions was  adjusted by adding NaOH (1 M)
and HCl (1 M).

2.1.2. Apparatus
The HPLC system was  a Knauer Smart Line (Berlin, Germany)

with a Knauer (S-2500) UV detector. The column was a Perfect-

sil Target RP-18 column (4.6 mm diameter, 250 mm length, ODS3,
5 �m)  from Knauer. An RP-18 guard column (4 × 4 mm  i.d., 5 �m)
which was fitted upstream in the analytical column. The mobile
phase consisted of 0.1% (v/v) o-phosphoric acid:acetonitrile (45:55)
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Fig. 2. Proposed mechanism o

nd was run in isocratic mode at a flow rate of 1.0 mL  min−1.The
obile phase was filtered by a Milli-Q filtering system before

se and delivered by a Knauer (S-1000) HPLC pump. The sig-
als were monitored at 232 nm.  An Ultrasonic Processor, model
P 400S, made in Germany was used for functionalizing the sur-

ace of graphene oxide with HBP. The FT-IR spectra were recorded
sing Buck ScientificM-500 Fast-Scan IR Spectrometer (East Nor-
alk, CT, USA). A UV–vis Spectrophotometer, model T80 (PG

nstruments,UK), was used for recording the absorbance spectra. A
etrohm 780 pH-meter equipped with a combined glass electrode
as used for determination of the pH values during the exper-

ment (Herisau, Switzerland). Transmission electron microscopic
TEM) images were obtained by a HITACHIS-600 (Japan) transmis-
ion electron microscope operating at 200 kV.

.2. Synthesis and functionalization of nano-graphene oxide with
BP

GO was prepared from graphite powders using a modified Hum-
er’s method [41]. Although sometimes the pure graphene oxide

an be used in extraction and removal of organic and inorganic
ollutants without the need for further functionalization, but it is
eeded to modify the surface of graphene oxide by attaching some

unctional groups in order to obtain a specific surface in separa-
ion purposes. HBP synthesized by Masoodi et al. in Payame Noor
niversity of Mashhad (2nd International Symposium Frontiers in
olymer Science 29–31 May  2011, Lyon, France,  The synthesis of
zo (PAMAM −DIPA Core(G1))2 Dendrimer). For functionalizing the
urface of graphene oxide, 1.0 gr HBP, 1.0 gr graphene oxide and

 mL  thionyl chloride were added in a round-bottom flask. The
olution was stirred at reflux condition for 8.0 h. After completion
he reaction, 50.0 mL  of ethanol was added to the solution and it
as allowed to cool at room temperature. The precipitated prod-
cts were separated by filtration and washed with ethanol. The
roposed mechanism for the reaction is shown in Fig. 2.

.3. Hair samples treatment

The treatment o the hair samples, differs from the other mate-
ials used for toxicological analysis because of its distinctive ability
o work as a long-term storage of external substances with respect
o the temporal appearance in blood. In the field of drug analysis,
reat interest has been taken in hair analysis due its substantially
onger detection window (months to years) [42]. A bulk sample
f the hair, necessary to develop the method and validate it, was
btained from a person in a barber shop in Mashhad, Iran, who
idn’t use any of these drugs for the past one year. The hair sample
ith potential drug content was collected from volunteer’s patient
ho had treated with these drugs. Both blank and sample hairs
ere cut with a round-point scissor about 5 mm in diameter from

he vertex posterior region of the scalp. Some samples of 2–4 cm

ong were selected for analysis. The hair samples were washed with
0 mL  dichloromethane, 15 mL  acetone, and twice with methanol
15.0 and 10.0 mL), respectively to remove the hair surface contam-
nations. After drying at room temperature,the hair samples were
hene oxide functionalization.

cut into approximately 1.0 mm pieces and digested by the follow-
ing steps: 2.0 mL methanol as an extracting solvent was added to
the hair sample, in a 10.0 mL  screw-cap tube. The samples were
incubated at 50 ◦C for 5 h . The extracts were filtered and diluted
with appropriate de-ionized water [43].

2.4. Extraction procedure

20 mg  of functionalized GO was  dispersed in 1 mL 1-octanol. The
extraction procedure for target analytes was as follows: first, the
hollow fiber was  cut into segments with a length of 2 Cm.  The fiber
segment cleaned with acetone to remove impurities and directly
dried in air. Then, the fiber submerged in the 1-octanol for a few
seconds to fill the membrane pores of the hollow fiber wall. This
solvent is compatible with polypropylene and easily occupies the
pores. Then, 2.0 �L of the acceptor solution (functionalized GO in
1-octanol) injected into the lumen of the hollow fiber with a micro
syringe. After that, the end of the hollow fiber sealed with heated
tweezers and then washed with water to remove the excessive
organic solvent. This fiber placed into the sample solution present
in a proper vial (25 mL  volume). The vial covered and stirred at
400 rpm for 20 min. In the time, the analytes from the sample solu-
tion diffuses through the porous polypropylene membrane into the
acceptor solution. After the extraction process, the hollow fiber was
removed and plunged into 1 mL  of methanol in a closed vial, and
the analyte desorbed from the fiber with sonication. The extracted
samples were measured by HPLC. The volume of methanol as the
extractor solvent for HPLC analysis was  40 � L (the HPLC loop vol-
ume  was  20 �L).

3. Results and discussion

3.1. Characterization of HBP/GO nanocomposite

FT-IR analysis was  used to characterize the HBP functionalized
with graphene oxide (HBP-GO) (Fig. 3a–c). As shown in the Fig-
ures, the FT-IR spectrum of the functionalized product (Fig. 3a) is
clearly different from the spectrum of graphene oxide (Fig. 3b) and
HBP (Fig. 3c). In the spectrum of GO, the strong absorption bands
at 1722, 1045 and 3426 cm−1 correspond to the stretching vibra-
tion of C O, C O (epoxy) and O H, respectively. The peaks at 1619
and 1223 cm−1 correspond to the vibration of the carboxyl groups
(Fig. 3b). The spectrum of HBP, shows strong absorption bands at
1000–1300 cm−1 and a broad absorption band at 3413 cm−1 relat-
ing to the stretching vibration of C O and O H, respectively, and
the peaks at 2876, 2917 cm−1 are assigned to symmetric and asym-
metric stretching vibration of CH2 group (Fig. 3c). The IR spectrum
of HBP-GO (Fig. 3a) also shows peaks at 2855, 1713, 1573, 1067 and
3321 cm−1 that can be attributed to the presence of GO and HBP in
HBP-GO nanocomposite.

Also, Fig. 4 shows XRD spectra for graphene oxide functional-

ized with HBP. Usually, GO shows a broad band over low diffraction
angles (2�  = 11.2◦), suggesting some degree of re-aggregation of the
exfoliated GO sheets (Fig. 4a). Upon functionalization with HBP, the
XRD band of GO downshifted to 2� = 10◦, indicating that the cova-
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Fig. 3. FT-IR spectrum of; a)HBP-GO, b) GO, and c) HBP.

l
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Fig. 4. XRD spectra for graphene oxide and GO functionalized with HBP.

ently bonded HBP moieties increased the interlayer space between
raphene sheets in the HBP-graphene hybrid. The newly appearing
road amorphous bands over 2� = 15 − 25◦ in the XRD profile of
he HBP-graphene indicate, most probably, that the intercalated
BP moieties, show a largely disordered structure with a low crys-

allinity (Fig. 4b).

The nanosheets morphology of HBP-GO were investigated by

EM imaging as displayed in Fig. 5a and b.The Figures show that
O nanosheets are very thin and have some folds and wrinkles,
nd some black regions on the surface of HBP-GO can be observed.
Fig. 5. TEM images of HBP-GO with different scales.

The black spots of HBP-GO can be attributed to the hyperbranched
polyglycerol layer attached onto the GO surface from both sides.

3.2. Optimization procedure

In order to obtain the optimum extraction conditions for extrac-
tion of the analytes, the main parameters expect pH of the aqueous
samples were investigated only for ibuprofen. The parameters such
as effect of the amount of GO, pH of the aqueous sample solutions,
extraction time, volume of the aqueous sample, agitation speed and
also the desorption conditions, were optimized. The concentration
of the analytes in the optimization steps was  5 �g mL−1.

3.2.1. Effect of the amount of GO in extraction process

For investigation the effect of the amount of GO, upon extrac-

tion process, 5–20 mg  of functionalized GO,was dissolved in 1 mL
of 1-octanol. The results are shown in Fig. 6.As is shown in this Fig-
ure, the extraction efficiency increases up to 20 mg  of Go. Since at
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Table  1
Analytical performance of HF-SLPME method for extraction of ibuprofen and naproxen.

Analyte Pre-concentration factor LDR(ng ml−1) R2 LOD(ng ml−1) LOQ(ng ml−1) RSD%

Ibuprofen 1156 5–30000 0.9968 2.95 5.83 3.95
Naproxen 1212 2–10000 0.9925 1.51 2.04 3.66
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Table 2
RSD% and relative recovery% (RR%) of ibuprofen and naproxen in clinical waste
water.

Analyte RSD% RR%
Fig. 6. Effect of amount of GO on the extraction efficiency.

igher amounts of GO,the injection of sample in to the hollow fiber,
ecomes difficult, therefore, we selected 20 mg  of Go per 1 mL  of
-octanol solution.

.2.2. Effect of pH
A suitable pH value of a sample aqueous solution, can improve

he extraction efficiency and reduce the matrix interferences [44].
hanges in pH of the solution, may  results in the ionization form
f the basic and acidic analytes and, thereby, it will affect their
ater-solubility and extractability. Since ibuprofen and naproxen

re acidic compounds with pKa of 5.2 and 4.15, respectively, the
ample solution should be acidized to convert the analytes to their
olecular form. We  studied the effect of pH between 2 and 7, and

ccording to the results the selected optimum pH value was  5.0 for
he feed solution.

.2.3. Volume of the feed solution
The extraction efficiency can be improved by increasing the vol-

me  ratio of donor to acceptor phase, but a larger sample volume
an be disadvantageous due to poorer mass transfer kinetics which
esults in a poor extraction efficiency [44]. In the present work,
he phase ratio of donor and acceptor solutions was  optimized
y changing the volume of the donor phase between 1 and 7 mL
hile the volume of acceptor phase was kept constant at 2.0 �L.

he results showed that optimum donor phase volume is 5 mL.

.2.4. Effect of extraction time
Extraction time is an important factor for improving the extrac-

ion efficiency, because it influences the partition of the analytes
etween the donor phase and the sorbent in the lumen of the fiber.
PME is not an exhaustive extraction technique. The maximum
mount of analyte that can be extracted by the sorbent is achieved
t equilibrium. Thus, the extraction time was examined to give the
ighest microextraction efficiency. The partition of the analyte,was
ontrolled by the physicochemical properties of the analyte, the
ample matrix, the acceptor phase, thickness and porosity of the
orbent.For a thicker sorbent, the time needed for the analyte dif-
usion into the sorbent was longer than for the thinner materials.
owever, a thicker sorbent,provides a better sensitivity because

he kinetics of the microextraction is dependent on diffusion of the
nalyte in the bulk solution and the sorbent. The effect of differ-

nt extraction time(10–40 min) was studied at room temperature.
he extraction efficiency was increased up to 20 min  and then
ecreased. Therefore, 20 min  was chosen as an optimum extraction
ime.
Ibuprofen 3.55 102
Naproxen 2.42 94

3.2.5. The influence of stirring rate
A high stirring rate can increase the extraction rate by increasing

the mass-transfer rate of the analyte to the membrane and reducing
the thickness of the boundary layer at the outer membrane surface
[27]. The effect of different stirring rate (200–500 rpm), was tested
on the extraction efficiency. The experimental results show that the
extraction efficiency increases by increasing the stirring speed up
to 400 rpm, and then decreases at higher stirring rate, which may
be due to the formation of air bubbles on the fiber surface, which
results in a decrease the amount of analytes extracted into the sor-
bent. Therefore, 400 rpm was  selected as an optimum stirring speed
throughout the experiments.

3.2.6. Desorption condition
As in the case of SPME, the analytes were desorbed by an

organic solvent from the surface of the GO,after extraction.Both the
polypropylene membrane and GO are insoluble in most common
organic solvents such as acetone, methanol, dichloromethane and
hexane. Since, acetonitrile and methanol as widely-used mobile
phases do not show strong and clear interferential peaks,therefore,
extraction efficiencies of the two desorption solvents were inves-
tigated. The results showed the extraction efficiency is higher in
methanol than acetonitrile. Therefore, methanol was  selected as
a desorption solvent in these experiments.The analytes extracted
by the membrane were desorbed ultrasonically for the appropriate
amount of time and then analyzed by HPLC. The effect of differ-
ent desorption times (5–15 min)was studied at room temperature.
The obtained results, indicate that the highest extraction efficiency
is obtained at 10 min  of desorption time. But at longer desorption
time, the extraction efficiency decreases, because the desorbed ana-
lytes are absorbed by GO and diffuse to the pores of the lumen of
hollow fiber due to the concentration difference and ultrasonica-
tion process.

3.3. Validity of the method

The linear dynamic range(LDR), limit of detection (LOD),limit of
qualification (LOQ) and the relative standard deviation(RSD)for the
extraction of ibuprofen and naproxen drugs from aqueous samples
were determined under optimized experimental conditions. The
results are summarized in Table 1.

3.4. Analysis of real samples

In order to test the reliability of the proposed method, it was
applied for determination of ibuprofen and naproxen drugs in clin-
ical waste water (See Table 2). A reversed-phase high performance

liquid chromatography method was validated for the determina-
tion of analytes in real samples.

To investigate the matrix effects and applicability of the method
to a biological sample, final experiments were carried out on a
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 b) after spike (1 �g mL−1 of naproxen and 5 �g mL−1 ibuprofen).

h
w
h
m
1
F

Table 3
Founded concentrations (�g/mg) and relative percent recoveries of NSAIDs in the
hair  sample.

Analyte Founded amounts (�g mg−1) Spiked amount(�g mg−1) RR%
Fig. 7. The chromatograms of the hair samplea) before and

air sample that was taken from a patient who was  being treated
ith these two  drugs. The results are summarized in Table 3.The
air samples were prepared as mentioned in Section 2.3. The chro-
atograms of the hair sample before and after spike,containing

−1 −1

 �g mL of naproxen and 5 �g mL ibuprofen, are shown in
ig. 7a and b respectively.
Ibuprofen 10.87 1 82
Naproxen 1.23 0.2 94
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. Conclusions

A novel producer based on hyperbranched polyglyc-
rol/graphene oxide (HBP/GO) nanocomposite reinforced hollow
ber solid/liquid microextraction has been developed to determine
race amounts of ibuprofen and naproxen in hair and waste water
amples.GO reacted with HBP via its functional groups using
hionyl chloride. The HBP/GO was supported by a macro-porous
olypropylene membrane wall that protected the composite
etwork structure. Functionalized GO is also compatible with the
olypropylene fiber structure.The proposed method is fast, simple,
ensitive and it needs low solvent consumption.The disposable
ature of the hollow fiber, totally eliminates the possibility of sam-
le carry over and ensures a high reproducibility.In addition, the
mall pore size of the hollow fiber, prevents from large molecules
n the matrix and also unsolved particles in the donor solution
rom entering the acceptor phase, thus yielding a very clean
xtract.Also, the present technique shows a good linear range,
ow detection limit and acceptable precision to measurement of
hese two drugs,and it can be used for determination some organic
ompounds such as targeted drugs in aqueous and biological
amples.
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