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Synthesis and Characterization of Magnetic-Graphene Molecularly Imprinted Polymers for Selective Recognition of Ltryptophan
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Abstract. In this paper, a novel molecular imprinted polymer using L-tryptophan(L-Trp) as the
template, dopamine(DA) as both functional monomer and cross linking agent, magnetic graphene as the supporting matrix was synthesized. The prepared magnetic-graphene molecularly
imprinted polymers(Fe3O4@GO-MIPs) were characterized by Fourier transform infrared spectrometer(FT-IR), transmission electron microscopy (TEM), vibrating sample magnetometer
(VSM), respectively. The results showed that when the molar ratio of L- tryptophan and dopamine was 1:4 and the reaction temperature was 60 °C, Fe3O4@GO-MIPs had the best adsorption quantity of 31.9 mg/g. The rebinding experiments indicated that Fe3O4@GO-MIPs not only have outstanding affinity and selectivity towards L-Trp over structurally related compounds
but also easily reach the magnetic separation under an external magnetic field.

1 Introduction
Molecular imprinting has been widely recognized as a potential technique for the synthesis of tailormade recognition materials by the formation of a polymer network around a template molecule. Compared with natural receptors, the molecularly imprinted polymers have advantages including good
physical and chemical stability, high selectivity of recognition and its reusability. Owing to these fantastic properties, the molecularly imprinted polymers have been widely used in the fields of biosensors[1], solid-phase extraction[2], LC[3], biosensors[4], chiral recognition and separation[5], type enzyme
catalyst [6], pharmacy[7] and other fields.
Graphene has attracted considerable attention in recent years because of its large specific surface
area and excellent mechanical, electrical, thermal, optical properties. This unique nanostructure with
extremely (theoretical value 2630 m2 g−1) and small dimension makes graphene an excellent candidate
as supported material for preparing molecularly imprinted materials[8]. The magnetic molecularly imprinted polymer can be influenced under an external magnetic field and it enables separation of analyte easier and faster and also provides large surface to volume ratio. Fe3O4@GO-MIPs have both
specific recognition and rapid separation characteristics for the template molecule based on integration
of the virtues of graphene, magnetic separation technology and imprinted polymer. L-Trp is known to
be metabolized to several neuroactive substances such as serotonin, kynurenic acid, and quinolinic
a
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acid [9-11]. Analyses of L-Trp and its metabolites in biological fluids, such as serum or plasma and
urine, are of clinical importance for diagnosis of several diseases in humans as several reports have
indicated that concentrations of L-Trp and its metabolites are altered in various disease states [12]. Furthermore, L-Trp is used for insomnia, sleep apnea, depression, anxiety, facial pain, a severe form of
premenstrual syndrome called premenstrual dysphoric disorder (PMDD), smoking cessation, grinding
teeth during sleep (bruxism), attention deficit-hyperactivity disorder (ADHD), Tourette’s syndrome
and to improve athletic performance[13-15]. On the other hand, no medicinal properties for Dtryptophan has been reported [16]. The aim of the paper is to provide a novel synthesis method of
Fe3O4@GO-MIPs that may be used for determination of L-Trp in presence of D-tryptophan.

2 Experimental
2.1 Reagents
DA and L-Trp purchased from Shanghai Macklin Biochemical Technology; Graphite powder, potassium permanganate purchased from Tianjin Hongda Chemical Reagent Factory; All other reagents
and solvents were of analytical grade and used without further purification unless otherwise noted. All
aqueous solutions were prepared using ultrapure water from US Millipore company.
2.2 Apparatus
The FT-IR spectra of the prepared nanospheres in the region 4000-400cm−1 were recorded using a
BRUKER OPTICS FT-IR spectrometer (KBr pellets). Magnetic properties were measured on vibrating sample magnetometer (VSM, Quantum Design, Beijing). The size, morphology, and structure of
the nanospheres were characterized by transmission electron microscopy (TEM, JEOL, Japan). The
ground samples were dissolved in anhydrous ethanol, washed with copper mesh, dried, and then observed by transmission electron microscopy.
2.3 Preparation of Fe3O4@GO-MIPs
Oxidized graphene was synthesized from nature graphite via an improved Hummers’ method[17]. In a
typical Fe3O4@GO-MIPs Synthesis, GO(50 mg ) was dispersed in 100 mL of ultrapure water by ultrasonication. Under the condition of stirring, 4 mmol of FeCl3 • 6H2O and 2 mmol of FeSO4 • 7H2O
were added into 100 mL of oxidized graphene dispersion in sequence. After the two ferric salts were
dissolved respectively, the rotation speed was increased. Then, 25 mL of ammonia was added, the pH
was adjusted to 9.0. After reacting for 30 min at room temperature, 50 mg of dopamine hydrochloride
was added and stirring was continued for 1 h. The cooled solution was separated with a magnet, and
washed with ultrapure water until the pH was stabilized to 8.0. The black synthetic products were
washed several times with ethanol and ultrapure water and dried at 70 °C for 12 h. The Fe3O4@GO
(400 mg) were dispersed in 80 mL of Tris buffer (10 mM, pH 8.0) by ultrasonication. L-Trp (30
mg )was then added and stirred for 0.5 h in room temperature followed by 120 mg of DA the reaction
was continued at 60 °C for 6 h. The obtained product was washed with water to remove the unreacted
monomer, then was washed with a mixture of hydrochloric acid solution (1 mol/L) and methanol (1:4,
v/v) to extract the template L-Trp, and was rewashed thoroughly with ultrapure water. For comparison,
Fe3O4@GO-NIPs prepared for the same procedures without the addition of the template L-Trp.
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Figure 1. Preparation of Fe3O4@GO-MIPs
2.4 Binding Experiments
For the kinetics experiments, 10.0 mg of Fe3O4@GO-MIPs or Fe3O4@GO-NIPs was ultrasonically
dispersed in 20 mL of L-Trp solution for 1 min the mixture was shaken for 2 h, respectively.
Fe3O4@GO-MIPs or Fe3O4@GO-NIPs were withdrawn at appropriate time at intervals. For the adsorption isotherm experiments, an amount of 10 mg of Fe3O4@GO-MIPs or Fe3O4@GO-NIPs was
added to 20 mL of L-Trp solution of different concentrations. After shaking at room temperature for 1
h. The concentration of L-Trp were measured by UV−vis spectrophotometer at 278 nm. Adsorption
quantity called Q was calculated from the equation: Q = (C0 − C)V/W, where C0 and C were the template concentrations (mg•mL−1) in the solutions which were measured initially and after sorption, respectively, V (mL) was the volume of the bulk solution, and W (g) was the weight of the Fe3O4@GOMIPs or Fe3O4@GO-NIPs. The selectivity of the Fe3O4@GO-MIPs was investigated using 0.04
mmol/L of D-tryptophan, L-phenylalanine, D-phenylalanine, L-tyrosine, and D-tyrosine as comparatives.

3 Results and discussion
3.1 Preparation of Fe3O4@GO-MIPs
In order to obtain efficient L-Trp recognition, the preparation conditions of Fe3O4@GO-MIPs, including the molar ratio of the template L-Trp to the monomer DA, reaction temperature, were optimized as
discussed below in detail. The best conditions were investigated in a set of batch experiments according to the determination of adsorption quantity (Q) of L-Trp onto Fe3O4@GO-MIPs. It can be seen
from Fig.2 that when the mole ratio of L-Trp template molecule to dopamine was 1:4, the adsorption
quantity of L-Trp reached the highest(about 15 mg/g). We think that the increasing DA amount could
increase the thickness of PDA(polydopamine) film on the surface of RGO which can accommodate
more L-Trp molecule and thus lead to the increase the recognition cavities. On the other hand, when
the DA amount increases to a certain value, the over thickness of the PDA film could block the adsorption sites accessibility and result in the decrease of the binding amount. Thus, 1:4 was selected to
be the optimum mole ratio in this work.
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Figure 2. Effect of molar ratio on adsorption capacity
The effect of the reaction temperature on adsorption capacity was investigated from 25 °C to 80 °C .
As shown in Fig.3 , with increasing temperature values between 25 °C to 60 °C, the adsorption capacity of Fe3O4@GO-MIPs increased gradually and then decreases slightly from 60 °C to 80 °C. It
can be inferred that the synthesis temperatures have an important effect on the synthesis of
Fe3O4@GO-MIPs from the point of increasing adsorption capacity and saving energy. Therefore, it is
appropriate to use 60 °C as the optimum reaction temperature.

Figure 3. Effect of reaction temperature on adsorption capacity
3.2 Characterization of Fe3O4@GO-MIPs
The FT-IR spectra of GO(a), Fe3O4@GO(b), Fe3O4@GO-MIPs(c), Fe3O4@GO-NIPs(d) are shown in
Fig.4. As shown in the spectrum of GO(a), the characteristic peak at 1740 cm−1 is attributed to Cdouble bond. The feature peaks at 588 cm−1 observed from spectra b-d belong to Fe3O4. For the FTIR
spectrum of Fe3O4@GO-MIP(c), the appearance of the stretching vibration of −NH 2 at 3399 cm−1
provides evidence of the formation of PDA layer. In addition, compared to GO(a), the disappearance
of the C=O peak at 1740 cm−1 provides a solid indication of GO reduction. All these bands demonstrate that Fe3O4@GO-MIPs were synthesized successfully.
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Figure 4. FT-IR spectra of GO(a), Fe3O4@GO(b), Fe3O4@GO-MIPs (c), Fe3O4@GO-NIPs(d)
It is vitally important for magnetic separation that the sorbent is sufficiently magnetic. VSM was
employed to characterize the magnetic properties of the obtained magnetic materials, and their VSM
magnetization curves are shown in Fig.5. Based on the VSM data, the Fe3O4@GO-MIPs exhibited a
saturation magnetization value of 36.7 emu g−1. In the absence of an external magnetic field, a black
homogeneous dispersion exists. When an external magnetic field was applied, the black particles were
attracted to the wall of vial in a short time.

Figure 5. The hysteresis loop of Fe3O4@GO-MIPs beads. The insert shows the separation and redispersion process of a solution of Fe3O4@GO-MIPs in the absence (left) and presence (right) of an external magnetic field.
The morphological structures of Fe3O4@GO(a), Fe3O4@GO-MIPs(b), Fe3O4@GO-NIPs(c) were
examined by TEM. It can be seen from Fig.6 that Fe3O4@GO(a) has a spherical structure with a diameter of about 10 nm, which is evenly distributed on the graphene oxide, with some slight agglomeration and overlap. Fe3O4@GO-MIPs has some larger pores on the basis of the original Fe3O4@GO.
The pore size is about 20 nm, which is larger than that of Fe3O4@GO. It could be concluded that LTrp left imprinted sites in the polymer, indicating that the imprinted polymer was modified on
Fe3O4@GO surface. Fe3O4@GO-NIPs is similar to Fe3O4@GO in the size of about 10 nm magnetic
microspheres, while it is quite different from that of Fe3O4@GO-MIPs due to the absence of the template in Fe3O4@GO-NIPs. Owing to that no L-Trp template molecules were added in the synthesis of
Fe3O4@GO-NIPs, the agglomeration of Fe3O4@GO-NIPs was greater than that of Fe3O4@GO. Furthermore, Fe3O4@GO-NIPs (Figure (c)) were in a similar "tribal" form.
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Figure 6. TEM images of Fe3O4@GO(a), Fe3O4@GO-MIPs(b), Fe3O4@GO-NIPs(c)
3.3 Absorption isotherms and Adsorption Kinetics
The L-Trp recognition ability of the Fe3O4@GO-MIPs was investigated by the static absorption experiments. The binding isotherms of L-Trp onto Fe3O4@GO-MIPs and Fe3O4@GO-NIPs are shown in
Fig.7. It can be seen that the Fe3O4@GO-MIPs superior to those of most imprinted polymers using LTrp as the template as reported in the literature. This remarkably high binding capacity may lie in a
combination of the thin PDA layers on the surface of graphene and the large surface area of graphene.
Due to the presence of Graphene, more recognition sites could be created at its surface, whereas the
thin PDA layer ensures the complete removal of the template molecules. The adsorption kinetics process of L-Trp was investigated by varying the adsorption time from 1 to 700 min, and the initial concentration of L-Trp was kept at 1.0 mmol/L. As shown in Fig.8 , the Fe3O4@GO-MIPs took up 88%
of the equilibrium amount of the template molecules from solution within a period of 40 min, and the
adsorption equilibrium was reached within 100 min. The results revealed a remarkable rapid adsorption dynamics of L-Trp molecules. This fast dynamics adsorption might originate from the high ratio
of surface-imprinted sites, large surface-to-volume ratio, and complete removal of the L-Trp templates.

Figure 7. Absorption isotherms of L-Trp on Fe3O4@GO-MIPs and Fe3O4@GO-NIPs
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Figure 8. Adsorption kinetics of L-Trp on Fe3O4@GO-MIPs
3.4 Selectivity of Fe3O4@GO-MIP
The experiments were carried out using D-tryptophan(D-Trp), L-phenylalanine(L-Phe), Dphenylalanine(D-Phe), L-tyrosine(L-Tyr), and D-tyrosine(D-Tyr) as control molecules. Fig.9. shows
the rebinding capacities of the Fe3O4@GO@MIPs and Fe3O4@GO-NIPs for these amino acid with a
feed concentration of 0.4 mg/mL of. It is obvious that Fe3O4@GO@MIPs exhibits a much higher adsorption amount of L-Trp than other analogues suggesting a better adsorption and binding capacity
toward the template molecules. In addition, the imprinting factor α, taken as the binding ratio of
Fe3O4@GO@MIPs/ Fe3O4@GO@NIPs, was determined as 2.3 for binding the template L-Trp,
whereas the values of α for binding D-Trp, L-Phe, D-Phe and L-Tyr, D-Tyr were 1.2, 1.1, 1.0, and 1.0,
1.1, respectively, showing that the adsorbed amounts of the non-template amino acid did not have
great differences between the imprinted Fe3O4@GO-MIPs and Fe3O4@GO-NIPs.

Figure 9. Binding amount of different amino acid on Fe3O4@GO-MIPs and Fe3O4@GO-NIPs

4 Conclusion
In summary, a novel strategy of synthesizing Fe3O4@GO-MIPs for selective recognition of L- tryptophan has been described. The prepared Fe3O4@GO-MIPs exhibited high adsorption capacity and good
selectivity that showed the formation of the specific binding sites. The above-mentioned synthetic
method of Fe3O4@GO-MIPs was rather simple and environment friendly, because of the little solvent
consumption and the nontoxic stabilizers. Thus it may have a prosperous application because of its
simpleness and low cost. We also visualize that the as-produced strategy could be applied in various
fields such as bioseparation and food safety.
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