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AbstractBisphenol A (BPA), a known endocrine disruptor, is of global concern because it poses serious threats to
the ecological environment and human health. In this work, hydrophilic polydopamine-coated Fe3O4/oxide graphene
(IPDA@MGO) magnetic imprinted nanocomposites were prepared by the self-polymerization of dopamine on the sur-
face of Fe3O4/GO in Tris-HCl buffer using BPA as a template for selective adsorption of BPA in water. IPDA@MGO
showed specific recognition toward BPA with a high imprinting factor of 3.2 compared with nonimprinted polymer.
The capacity of IPDA@MGO toward BPA was 41.2 mg/g and the adsorption reached equilibrium within 30 min. The
adsorption agreed well with the Freundlich and pseudo-second order kinetic models. The good adsorption perfor-
mance was attributed to the abundant binding sites and good dispersibility of IPDA@MGO nanocomposites derived
from its excellent hydrophilicity. The nanocomposites could be removed rapidly by an external magnet and regener-
ated for repeated adsorption of BPA in water. The proposed method has potential applications for efficient removal of
BPA in environmental waters.
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INTRODUCTION

Endocrine-disrupting compounds (EDCs) are of global concern
because they pose serious threats to ecological environment and
human health [1,2]. Bisphenol A (BPA) is a known estrogen-like
endocrine disruptor that can induce abnormal differentiation of
reproductive organs by interfering with the action of endogenous
gonadal steroid hormones [3]. Recent research shows that low-
dose BPA can result in an increasing risk of diabetes mellitus, car-
diovascular diseases and liver enzyme [4]. On the other hand, BPA,
as an important chemical, has been widely used in the manufac-
ture of polycarbonate plastics and epoxy resins for plastic prod-
ucts such as water bottles, baby bottles, food containers and dental
sealants. This results in release of BPA into aquatic environments,
posing an exposure risk of BPA to aquatic organisms and human.
Many studies have detected BPA in surface water, ground water,
and sea water [5-8]. Thus, efficient removal of BPA in water is
highly desirable.

Various techniques have been applied to eliminate BPA in water,
including advanced oxidation [9], membrane bioreactor [10], micro-
bial degradation [11], photodegradation [12], nanofiltration [13],
and adsorption [14,15]. Among these, adsorption has shown many
advantages, including less energy consumption, ease of operation,
and low cost of maintenance. Common adsorbents for the removal
of BPA include clay [16], zeoliter [17], chitosan [18], carbon nano-

materials [19,20], activated carbon [21], etc. However, these adsor-
bents lack selectivity; as a result, the competitive adsorption of
other common inorganic and/or organic compounds existing in
water leads to low removal efficiency. Therefore, selective adsor-
bents are highly attractive in adsorption removal of BPA in water.

Molecularly imprinted polymers (MIPs) are synthetic receptors
with specific binding sites. MIPs can selectively bind template mol-
ecules and its structure analogs. Because of the advantage, MIPs
have been used widely for selective removal of target pollutants
[22]. However, bulk MIPs prepared by traditional bulk polymeriza-
tion have some shortcomings, including small capacity and poor
binding kinetics, resulting in insufficient removal efficiency. Com-
pared with bulk MIPs, molecularly imprinted nanoparticles (MINPs)
have abundant binding sites for the binding of target compounds
due to its large surface area and accessible sites. MINPs are usually
prepared by direct precipitation polymerization or in-situ polym-
erization on the surface of various nanomaterials through surface
molecular imprinting technology. Water compatibility should be
considered for the application of MINPs in aqueous solutions. Some
hydrophilic MINPs have been reported by using hydrophilic mono-
mers during the preparation of MINPs or post-modifications of
MINPs with hydrophilic molecules/polymer brushes [23-25]; how-
ever, the present hydrophilic monomers are related limited and the
post-modifications are complicated. In addition, the separation of
hydrophilic MINPs by filtration or centrifugation is difficult once
they are completely dispersed in water, therefore cycle use of MINPs
is difficult.

Dopamine (DA) is an import neurotransmitter, which easily suf-
fers from a self-polymerization in weak alkaline condition to form
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polydopamine (PDA). PDA has shown super adhesion ability on
various material surfaces, good environmental stability, biocompat-
ibility, and hydrophilicity [26]. Three-dimensional imprinted sites
are achieved when a template is added during the self-polymeriza-
tion, achieving specific recognition ability for the template. In addi-
tion, the thickness of PDA film can be precisely controlled by
changing the polymerization time; therefore, it is convenient to
obtain ultrathin imprinted PDA film on the surface of various nano-
materials. For example, several PDA-based imprinted nanomateri-
als, including IPDA@graphene [27], IPDA@multi-walled carbon
nanotubes [28], and PDA nanowires [29], have been prepared for
the separation of proteins in biological samples. PDA-based mag-
netic imprinted nanoparticles have been used for the enrichment
and separation of glycopeptides and methylene blue in aqueous
solutions [30,31].

In the present study, hydrophilic PDA-coated Fe3O4/graphene
oxide (IPDA@MGO) magnetic imprinted nanocomposites were
prepared by the self-polymerization of dopamine on the surface of
Fe3O4/GO using BPA as a template in Tris-HCl buffer. The nano-
composites were characterized and its recognition abilities includ-
ing adsorption capacity, binding kinetics and selectivity were
evaluated. The effects of the template concentration and solution
pH were also optimized. IPDA@MGO-based imprinting recogni-
tion coupled with magnetic separation resulted in fast removal of
BPA in water. The present study proposes an efficient approach for
adsorption removal of BPA in natural water.

EXPERIMENTAL

1. Materials
BPA, 4,4'-(hexafluoroisopropylidene)diphenol (BPAF), nonyl phe-

nol (NP), bisphenol B (BPB), dopamine (DA), and tris(hydroxy-
methyl) aminomethane hydrochloride (Tris-HCl) were purchased
from Aladdin Biochemical Corp. (Shanghai). Graphene oxide (GO)
powder was obtained from Nanjing XFNANO Materials Tech
Co., Ltd. (Nanjing, China). Deionized (DI) water was prepared by
a Milli-Q® ultrapure water system (Bedford, MA USA).
2. Apparatus

Transmission electron microscopy (TEM) images were obtained
by an FEI Tecnai G220. Infrared analysis was completed by a Shi-
madzu Prestige-21FTIR spectrometer. Elemental characterization
was performed by an Elementar Vario EL III element analyzer.
Magnetic properties of the nanocomposites were tested by a JDM-
13 vibrating magnetometer at 25 oC. Brunauer-Emmett-Teller (BET)
surface area was measured by a Quantachrome Autosorb S14 at
196 oC. The water-contact angle of the nanocomposites was meas-
ured by a KINO SL200KB contact angle meter.
3. Preparation of IPDA@MGO Nanocomposite

Fe3O4/GO was first prepared by a hydrothermal method with
minor modifications [32]. Briefly, 40 mg of GO was dispersed in
40 g of ethylene glycol under ultrasonication for 2 h, and then 0.2 g
of FeCl3·6H2O, 1.8 g of sodium acetate and 0.8 g of PEG-4000
were added in the suspension under vigorous magnetic stirring at
ambient temperature for 2 h. The suspension was kept in a 50 mL
Teflon lined autoclave reactor at 200 oC for 10h. The resulting Fe3O4/
GO precipitate was collected, adequately washed with DI water,

and dried under vacuum.
The preparation of IPDA@MGO nanoparticles is shown in

Scheme 1. 20 mg of Fe3O4/GO was dispersed in 25 mL ultrapure
water under ultrasonication for 30 min and mixed with 15 mL of
BPA-ethanol solution (0.5 mM), 5 mL of dopamine (5 g/L), and
5 mL Tris-HCl (0.2 M, pH 8.5). The suspension suffered a polym-
erization reaction at ambient temperature for 2 h. This process
resulted in a PDA film on the surface of Fe3O4/GO. The resulting
products were removed and adequately washed with a methanol/
acetic acid (v/v=9 : 1) till BPA was not detected in the washing
solution by HPLC, and dried under vacuum. The imprinted sites
exposed once the removal of the embedded template in the PDA
film. Nonimprinted PDA-coated Fe3O4/graphene oxide imprinted
(NPDA@MGO) were prepared by the same procedures in the
absence of BPA.
4. Sorption Experiments

Batch sorption experiments of BPA with the nanocomposites
were carried out at ambient temperature. For the determination of
adsorption capacity, 2 mg of IPDA@MGO and NPDA@MGO
nanoparticles were added into 8 mL of BPA solution with concen-
trations ranging from 1 to 500M, respectively. After being shaken
for 24 h, the nanocomposites were removed by a magnet, and
0.5 mL of the supernatant was collected and analyzed by HPLC.
For binding kinetics study, 2 mg of the nanocomposites and 8 mL
of BPA solution (400M) was mixed, and 20L of the superna-
tant was drawn at 1, 3, 5, 10, 30, 60, 90, and 120 min and analyzed
by HPLC, respectively. All batch experiments were carried out in
triplicate and the mean values were reported.
5. Selective Binding Experiments

To investigate the selectivity of IPDA@MGO, 2 mg of the nano-
composites were added into 8 mL of the mixed solution contain-
ing BPA, BPB, BPAF, and NP (the final concentration of BPA, BPB
and BPAF is 10M, and the final concentration of NP is 50M).
After being shaken at 25 oC for 120 min, the nanocomposites were
removed by a magnet and the supernatant was removed for HPLC
analysis. The adsorbed amount of BPA on the nanocomposites
was calculated by the different value between the added amount
and the remained amount in the supernatant. The same adsorp-
tion experiments were carried out for NPDA@MGO. Relative

Scheme 1. A schematic diagram of IPDA@MGO preparation and
its’ selective recognition toward BPA.
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imprinting factors (IF) between IPDA@MGO and NPDA@MGO
toward BPA were calculated by the following equation.

IF=qMIP/qNIP (1)

Where qMIP and was qNIP are the largest adsorption capacities of
IPDA@MGO and NPDA@MGO to ward BPA at adsorption equi-
librium, respectively.
6. Regeneration Experiments

To evaluate the reusability of IPDA@MGO, consecutive adsorp-
tion and desorption cycles was carried out with IPDA@MGO for
50M of BPA aqueous solution. After each adsorption, the nano-
composites were removed by a magnet and were eluted with 2 mL
of methanol/acetonitrile (v/v=1 : 1) for three times, dried under
vacuum, and reused for the adsorption of BPA in water.
7. Analytical Method

HPLC analysis was carried out by a Shimadzu Prominence LC-
20A HPLC with a Shimadzu Shim-pack C18 (250 mm×4.6 mm,
5m) separation column and a UV detector at a detection wave-
length of 220 nm. The mobile phase was water/acetonitrile (v/v=
40 : 60) with a flow rate of 1.0 mL/min. 20L of sample solution
were injected for HPLC analysis.

RESULTS AND DISCUSSION

1. Characterization of Nanocomposites
The prepared nanocomposites were characterized by Fourier

infrared spectra. There was an absorption peak at 580 cm1 for
Fe3O4/GO, IPDA@MGO, and NPDA@MGO, as shown in Fig. 1,
which corresponds to the stretching vibration of Fe-O bond. The
two peaks at 1,720cm1 and 1,580cm1 were attributed to the stretch-
ing vibrations of C=O and C=C of GO, respectively. The wide
peak at approximate 3,410 cm1 was attributed to the stretching
vibration of -NH2 group. Elemental analysis showed that the con-
tents of nitrogen in IPDA@MGO and NPDA@MGO were 1.91%
and 2.09%, respectively, while nitrogen was not found in Fe3O4/
GO (Table 1). These results indicated that PDA was successfully
formed on the surface of Fe3O4/GO through the self-polymeriza-
tion of dopamine.

Fig. 2 shows the transmission electron microscopy (TEM) images
of the prepared Fe3O4/GO and IPDA@MGO at different magnifi-
cations. Fe3O4 nanoparticles had mean diameters of 80-100 nm,
which were tightly attached onto the surface of GO (Fig. 2(a). After

the self-polymerization of dopamine, a thin IPDA film was clearly
observed on the surface of Fe3O4/GO (Fig. 2(b) by the TEM
image. The average thickness of the IPDA film was approximate
6-8 nm based on the scale bar in the TEM image. The thin IPDA
film facilitated the template molecules into the inner imprinted
sites, resulting in fast binding and adsorption equilibrium. NPDA@
MGO had a similar NPDA film on the surface of Fe3O4/GO with-
out no imprinted sites (Figure not shown).

Surface area is an important parameter for adsorbents. Gener-
ally, the adsorbents with large surface area have abundant binding
sites and then large adsorption capacity. SBET values of Fe3O4/GO,
IPDA@MGO, and NPDA@MGO composites were measured by
N2 adsorption/desorption isotherms. Results showed that IPDA@
MGO had the largest SBET value (52.34 m2/g), followed by Fe3O4/
GO (40.33 m2/g) and NPDA@MGO (46.32 m2/g). The increased

Fig. 1. FTIR spectra of Fe3O4/GO (a), NPDA@MGO (b), IPDA@
MGO (c), and PDA nanocomposites (d).

Fig. 2. TEM images of Fe3O4/GO  (a) and IPDA@MGO (b) at different magnifications.

Table 1. Elemental analysis of Fe3O4/G, IPDA@MGO, and NPDA@
MGO

Elements
Elemental content (%)

IPDA@MGO NPDA@MGO Fe3O4/GO
N 01.91 02.09 0.00
C 29.11 22.85 21.060
H 01.42 01.37 01.816
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Fe3O4/GO showed complete sedimentation within 10minutes, while
IPDA@MGO keeps well dispersion within one hour although it
finally suffered from sedimentation due to the larger density of
IPDA@MGO compared with water. The good dispersion stability is
attributed to the excellent surface hydrophilicity of IPDA@MGO.
2. Optimization of Template Concentration

The recognition sites in MIPs highly depend on the amount of
template used in the preparation, so the template concentration
has an important effect on the adsorption performance of IPDA@
MGO. Here IPDA@MGO nanocomposites were prepared by
using three different template concentrations (40M, 150M and
500M). Fig. 5 shows the adsorption isotherms of BPA on the
IPDA@MGO composites. All the adsorptions reached equilibri-
ums when BPA concentrations increased to 80 mg/L. The largest

SBET value of IPDA@MGO compared with Fe3O4/GO and NPDA@
MGO attributed to the contribution of the imprinted sites in the
IPDA film.

To explore the feasibility of magnetic separation for the nano-
composites in water after each adsorption, the magnetization curves
of Fe3O4/GO and IPDA@MGO were measured. As shown in Fig.
3(A), there were typical superparamagnetic properties. The satura-
tion magnetizations were 37.1 and 35.6 emu/g for PDA@MGO
and IPDA@MGO, respectively. The similar saturation magnetiza-
tions indicated that the introduction of IPDA film had no almost
effect on the original magnetic property of Fe3O4/GO. The large
saturation magnetization allowed for quick and complete isolation
of IPDA@MGO in water by magnetic separation. Fig. 3(B) shows
that the well dispersed IPDA@MGO nanocomposites in water
were separated completely within 30 seconds by an external mag-
net forming a transparent supernatant solution.

Increasing surface’s hydrophilicity is advantageous for the disper-
sion of adsorbents in water and for improving the interaction be-
tween the adsorbents and target compounds. Fig. 4(A) shows that
the static water contact angle of IPDA@MGO was smaller than
that of Fe3O4/GO (detailed data in Table 2). It was attributed to the
strong hydrophilicity of the IPDA film on the surface of Fe3O4/GO.
To observe the dispersion stability of Fe3O4/GO and IPDA@MGO
in water, the nanocomposites were ultrasonicated for three min-
utes and then stored under static condition. As shown in Fig. 4(B),

Fig. 3. Magnetization curves of Fe3O4/GO (a) and IPDA@MGO (b) (A) and separation of IPDA@MGO (B) by an external magnet.

Fig. 4. (A) Static water contact angles of Fe3O4/GO (a1) and IPDA@
MGO (a2). (B) photographs of Fe3O4/GO (b1-b3) and IPDA@
MGO (b4-b6) suspension at 0 min (b1 and b4), 10 min (b2
and b5), and 60 min (b3 and b6) after ultrasonication for
three minutes.

Table 2. Static water contact angles of Fe3O4/G (a1) and IPDA@MGO
(a2) composites

Volume of
liquid drop

(L)

Left
contact
angle

Right
contact
angle

Average
contact
angle

Fe3O4/G 54.42 85.75 86.14 85.94
IPDA@MGO 42.09 36.88 36.35 36.61

Fig. 5. Effect of the template concentration on the adsorbed amount
of IPDA@Fe3O4/G toward BPA. 40M (a), 150M (b), and
500M (c).
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adsorbed amount was obtained when 150M of template was
used while 500M of template resulted in a low adsorbed amount
(17.0 mg/g). This might be that excessive template restrained the
self-polymerization of dopamine, resulting in the decrease of IPDA
film thickness on Fe3O4/GO surface; as a result less binding sites
were formed during the IPDA@MGO.
3. Adsorption Capacity of IPDA@MGO and NPDA@MGO
Toward BPA

Fig. 6 shows the adsorption isotherms of BPA on IPDA@MGO
and NPDA@MGO nanocomposites. The adsorbed amounts rap-
idly increased when BPA concentrations changed from 1 mg/L to
80 mg/L, while further increasing the concentration didn’t result in
obvious change of the adsorbed amount. This indicated that the
adsorptions reached equilibriums. IPDA@MGO always achieved
higher absorbed amounts compared with NPDA@MGO within
the whole concentration range. The calculated maximum capaci-
ties based on the isotherms were 41.2 mg/g, and 11.5 mg/g for
IPDA@MGO and NPDA@MGO, respectively. The binding of
NPDA@MGO toward BPA was attributed to the nonspecific rec-
ognition by the hydrogen-bonding interaction between the hydroxyl
groups of BPA and -NH2 group of NPAD film. The binding abil-
ity was further enhanced when the imprinted sites were created
for IPDA@MGO, resulting in a larger adsorption capacity. The rela-
tive IF calculated by the Eq. (1) was 3.58. The present IF was larger
than those of previous studies [33-38], showing excellent recogni-
tion ability of the prepared IPDA@MGO toward BPA in water. Table
4 showed the adsorption capacities of IPDA@MGO and previous
reported molecularly imprinted composites toward BPA.

Both Langmuir and Freundlich adsorption models are widely
used to explain the adsorption mechanism of compounds on ad-
sorbents. The present experimental data obtained by IPDA@MGO
and NPDA@MGO were applied to the two adsorption models. Re-
sults showed that Freundlich equation gave larger r2 values (>0.97)
than those of Langmuir equation for the adsorption data (Table 3).
This suggested that the adsorption followed Freundlich adsorp-
tion model. Fig. 6 shows that the experimental data matched well
with the predication value by Freundlich model.
4. Binding Kinetics and Adsorption Equilibrium

The binding kinetic curves of IPDA@MGO and NPDA@MGO

nanocomposites for BPA in water are shown in Fig. 7. The bind-
ing amounts of BPA on the nanocomposites rapidly increased with
the incubation time within the initial 10 min and then had slow

Fig. 6. Adsorption isotherms of IPDA@MGO (a) and NPDA@MGO
(b) toward BPA. Symbols: experimental data; lines: Freun-
dlich model predictions.

Table 3. Fitting parameters of Langmuir and Freundlich equations
for the adsorption of BPA on IPDA@MGO and NPDA@
MGO nanocomposites

Langmuir model Freundlich model

NPDA@MGO
b (mg/L) 31.72 n 0.5827
qm (mg/g) 15.01 kF [mg/g(mL/mg)] 0.0015
R2 0.9433 R2 0.9947

IPDA@MGO
b (mg/L) 195.85 n 0.9438
qm (mg/g) 129.87 kF [mg/g(mL/mg)] 0.0013
R2 0.4971 R2 0.9783

where qe and qm were the amount (mg/g) of BPA on the nanocom-
posites at equilibrium and the maximum capacity, respectively. Ce

was the equilibrium concentration of BPA (mg/mL). b and KF were
the Langmuir and Freundlich constants, respectively, and n was the
Freundlich exponent

Table 4. Adsorption capacities of IPDA@MGO and previous reported molecularly imprinted composites toward BPA
MIP compositesa Monomer Sorption capacity mg/g Solution Ref.
MIP@GO AMPS and St 85.7 Water [39]
MIP@FeOOH MAA 36.9 Toluene/ACN [40]
MIP@Fe3O4 4-VP 16.3 ACN [41]
MIP@Fe3O4 MAA 3.9 Ethanol [42]
MIP@-cyclodextrin/chitosan /Fe3O4 MAA 105.5 Water [43]
MIP@chitosan/-Fe2O3 MAA 135.1 Water [44]
MIP@Fe3O4-COOH APTES 91.7 Water [45]
MIP@CMS AMPS 5.4 Water [46]
MIP@Styrene VP and NIPAM 5.0 Water [46]
MIP@SiO2 DTPA 4.8-7.6 Water [47]
IPDA@MGO Dopamine 41.2 Water This work

aACN: acetonitrile; CMS: carbon microspheres; VP: 4-vinylpyridine; NIPAM: N-isopropylamide; VTES: vinyl-triethoxysilane
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increase with the time. The experimental data were applied to the
pseudo first and second order models. Result showed that the
pseudo second order model gave better correlation coefficients
(r2>0.999) than that of the pseudo first order model (Table 5), and
the prediction results agreed well with the experimental data. This
fact suggested that the adsorption of BPA on the nanocomposites
was controlled by the chemisorption as a rate-limiting step. The
initial adsorption rate on IPDA@MGO was three times more than
that on NPDA@MGO (Table 5). The large sorption rates indi-
cated that there were a lot of available binding sites. The adsorp-
tions approached equilibriums at approximate 30 min. The short
equilibrium time was attributed to the excellent binding character-
istic of IPDA@MGO toward BPA and good dispersibility of the
nanocomposites in water.
5. Effect of Solution pH

Solution pH has an effect on the surface charge density of ad-
sorbents but also influences the speciation of target compounds in
aqueous solutions. Previous studies showed that various MIPs had
the largest adsorbed amount at pH 3.0 [48], 4.0 [33,38], or 5.0 [49].
Here the effect of solution pH in the range from 4.1 to 9.7 on the
adsorption was studied. The largest adsorbed amount was obtained
at ~pH 7.0, and the adsorbed amounts decreased rapidly in acidic
and alkaline solutions. The adsorption could be explained by the
- interaction between the phenyl groups of BPA and the phe-
nyl rings of IPDA, and the hydrogen-bonding interaction between

the hydroxyl groups of BPA and -NH2 group of IPAD. At pH 7.0,
BPA presented as neutral molecules while the surface of IPDA
had little charges. This resulted in strong interactions and then
large capacity. At acidic solution, abundant positive charges on the
surface of IPDA reduced the interactions; at high pH, the repul-
sive force deriving from the negative charges of BPA and the sur-
face of IPDA restrained the interactions, obtaining low adsorption
capacity. It should be noted that the optimized pH in this study
was different from that in previous MIPs, this was because that the
present monomer (dopamine) had a larger pKa (8.9) than that of
the previous monomers used in the reported MIPs, the optimized
pH transferred toward alkaline direction.
6. Specific Binding of IPDA@MGO Toward BPA

The largest advantage of MIPs is the specific binding ability to
template and its structure analogs. To evaluate the binding speci-
ficity of IPDA@MGO toward BPA, the nanocomposites were used

Fig. 7. Adsorption kinetic curves of IPDA@MGO (a) and NPDA@
MGO (b) for BPA in water. Symbols: experimental data; lines:
model predictions with the pseudo-second order kinetic
model.

Table 5. Kinetic parameters of the pseudo-first-order and pseudo-second-order equations for the adsorption of BPA on IPDA@MGO and
NPDA@MGO nanocomposites

Adsorbents
Pseudo-first-order Pseudo-second-order

k1 qe (Cal.) r2 k2 qe (Cal.) v0 r2

IPDA@MGO 0.0373 9.39 0.8195 0.0117 16.72 3.28 0.999
NPDA@MGO 0.0432 6.94 0.9776 0.0115 09.57 1.05 1.000

where qe and qt were the amount (mg/g) of BPA on the nanocomposites at equilibrium and t (min), respectively, k1 (min1) and k2 (mg·g1·
min1) were the pseudo first and pseudo second order rate constants, respectively, and v0 was the initial rate

Fig. 8. (a) Molecular structures of NP, BPA, BPB, and BPAF, (b)
binding percent of NP, BPA, BPB, and BPAF on IPDA@MGO
(black) and NPDA@MGO (grey) in the mixed solution. Final
concentration: 10M of BPA, BPB, and BPAF and 50M of
NP.
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for a mixed solution containing BPA, BPAF, BPB, and NP. The
molecular structure of BPA, BPAF, BPB, and NP were shown in
Fig. 8(a), where BPA, BPAF, and BPB contained bisphenol struc-
tures while NP was a phenol with a straight C9 chain.

As shown in Fig. 8(b), IPDA@MGO showed similar binding
percent toward BPA, BPB, and BPAF in the mixed solution while
NP had a lower binding percent though its concentration was five
times more than that of BPA, BPAF and BPB. This was because
that BPA, BPB, and BPAF had same bisphenol structures while the
molecular structure of NP was great different from that of BPA. On
the other hand, NPDA@MGO showed obvious different binding
characteristics toward the four compounds compared with IPDA@
MGO. The largest binding percent was obtained for NP due to its
higher concentration than the other compounds, followed by BPAF,
and then BPA and BPAB. The relative high binding of BPAF was
attributed to the strong hydrogen-bonding interaction between the
hydroxyl groups of BPA and -NH2 group of NPDA@MGO. The
higher binding percent with IPDA@MGO toward BPA, BPB and
BPAF containing bisphenol structures indicated that the imprinted
sites played an important role for the competitive binding in the
mixed solution. The relative IFs of the four compounds on IPDA@
MGO and NPDA@MGO were 0.98 (NP), 3.21 (BPA), 3.10 (BPA),
and 1.70 (BPAF) in the mixed solution by the Eq. (1), respectively.
BPA gave the largest IF, while NP had no almost binding differ-
ence between IPDA@MGO and NPDA@MGO. This further con-
firmed the specific binding of that IPDA@MGO toward the template
and its structure analogs rather than other compounds (Fig. 7(a)).
7. Repeated Adsorption of BPA in Water with IPDA@MGO

The feasibility of IPDA@MGO for removing BPA from water
was evaluated with tap water spiked with BPA. After each adsorp-
tion, the nanocomposites were removed by an external magnet,
washed with methanol/acetonitrile (v/v=1 : 1), and then reused for
the adsorption of BPA in the water. Results showed that the sorp-
tion capacities of IPDA@MGO toward BPA were no any loss in
five consecutive adsorption-regeneration cycles (41.18, 41.50, 38.44,
40.45, and 40.53 mg/g, with a RSD of 1.19%). This fact showed
that the performance of IPDA@MGO was enough stable. There-
fore, the prepared IPDA@MGO coupled with magnetic separation
was feasible for efficient removal of BPA in water. The demon-
strated reusability presents an advantage over some traditional ad-
sorbents such as activated carbon.

CONCLUSION

Highly hydrophilic IPDA@MGO magnetic imprinted nano-
composites were prepared by the self-polymerization of dopamine
on the surface of Fe3O4/GO for efficient removal of BPA in water
through specific recognition and magnetic separation. The con-
centration of template had an important effect on the adsorption
capacity of IPDA@MGO and the optimized concentration was
150M. The nanocomposites showed excellent sorption kinetics.
This was attributed to the abundant binding sites and rapid bind-
ing of BPA in the imprinted sites. The largest adsorption capacity
(41.2 mg/g) was at pH 7.0. The adsorption potential was mainly
attributed to the - and hydrogen-bonding interactions between
BPA and IPDA@MGO nanocomposites. The nanocomposites could

be facilely separated by an external magnet following the adsorp-
tion and was regenerated by solvent washing for repeated uses in
the removal of BPA in water without loss of removal efficiency.
We believe that the nanocomposites have potential applications in
efficient removal of BPA in environmental waters.
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