
Page 1/17

Electrospinning Synthesis of
Fe3O4/Eu(DBM)3phen/PVP Multifunctional
Micro�bers and Their Structure, Luminescent and
Magnetic properties
Ruifei Qin 

Luoyang Institute of Science and Technology
lina liu  (  liuln448@163.com )

Luoyang Institute of Science and Technology https://orcid.org/0000-0002-1298-6941

Research Article

Keywords: Electrospinning, Multifunctional, Micro�bers

Posted Date: March 6th, 2021

DOI: https://doi.org/10.21203/rs.3.rs-270295/v1

License:   This work is licensed under a Creative Commons Attribution 4.0 International License.  
Read Full License

https://doi.org/10.21203/rs.3.rs-270295/v1
mailto:liuln448@163.com
https://orcid.org/0000-0002-1298-6941
https://doi.org/10.21203/rs.3.rs-270295/v1
https://creativecommons.org/licenses/by/4.0/


Page 2/17

Abstract
Multifunctional Fe3O4/Eu(DBM)3phen/PVP ((DBM: dibenzoylmethane, phen: 1,10-phenanthroline, PVP:
polyvinyl pyrrolidone) micro�bers were constructed by simple electrospinning process. The structure and
morphology of the micro�bers were characterized by X-ray diffraction (XRD), scanning electron
microscopy (SEM) and transmission electron microscopy (TEM) images. The diameters of pure PVP
micro�bers and the micro�bers doped only with Fe3O4 nanoparticles (NPs) were uniformly distributed,
with an average size of about 360 nm. When 3% Eu(DBM)3phen complex and Fe3O4 NPs were both
added to the precursor for electrospinning, the micro�bers became very inhomogeneous in diameter. The
photoluminescent properties of pure Eu(DBM)3phen complex and composite micro�bers were also

studied. The characteristic emission peaks of Eu3+ appeared in the composite micro�bers. The intensities
of emission and excitation spectra gradually decrease with adding more Fe3O4 NPs. The unit mass of the
pure europium complex in some composite micro�bers gave stronger luminescence than the pure
europium complex. The �uorescence lifetime of 5D0 state in the composite micro�bers is longer than that
of pure europium complex. Additionally, the magnetic properties of Fe3O4 NPs and the composite
micro�bers were investigated. Fe3O4 NPs and composite micro�bers were both superparamagnetic. The
saturation magnetization of the composite micro�bers was smaller than that of pure Fe3O4 NPs.

1. Introduction
Recently, with the increasing demand for integrated devices, single functional materials have been
di�cult to meet the needs of modern science and technology. Therefore, multifunctional composites
including biomedicine, environmental protection, material science, and many other �elds have gradually
aroused more and more interests among scientists [1–3]. Among such composites, multifunctional
luminescent-magnetic composites simultaneously possess excellent magnetism and luminescence, and
have been widely used in biomedical applications such as magnetic resonance imaging (MRI), targeted
drug delivery, cell labeling and separation [4–6]. Zhuang et al synthesized multifunctional NPs encoded
with quantum dots and magnetic NPs for cell tagging and MRI [7]. Li et al synthesized biomimetic
immuno-�uorescent magnetic multifunctional nanoprobes for isolation and analysis of tumor cell
subpopulations [8]. Fu et al synthesized multifunctional NaYF4:Yb,Er@PE3@Fe3O4 nanocomposites for
magnetic-�eld-assisted upconversion imaging guided photothermal therapy of cancer cells [9].

In recent years, organic dyes, quantum dots and rare earth complexes have been employed as
luminescent materials in the luminescent-magnetic composites. However, organic dyes and quantum
dots have limited use in large-scale applications due to their short lifetimes, photobleaching and potential
toxicity to cells [10, 11]. Rare earth complexes have some excellent luminescent properties, such as a long
�uorescence lifetime, sharply spiked emission spectra, large stokes shift, and high quantum yield [12].
However, pure rare earth complexes usually do not have good thermal stability, mechanical stabilities and
machinability, which limits the prospects of these complexes in a wide range of photophysical and other
practical applications. To overcome these shortcomings, rare earth complexes were usually incorporated
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into organic, inorganic, or organic-inorganic hybrid matrixes, such as mesoporous materials, sol-gel silica,
and polymers [13–15].

Magnetic nanomaterials have attracted increasing interest of scientists owing to their potential
applications, such as biomacromolecule separation, drug delivery and release and MRI [16, 17]. Among
the magnetic materials, Superparamagnetic Fe3O4 has the advantages of high saturation magnetization,
non-toxicity and good biocompatibility, and is widely used in the �eld of biomedicine [18]. Therefore,
Fe3O4 NPs have been employed as magnetic materials in the luminescent-magnetic composites.

At present, most of luminescent-magnetic nanocomposites are zero-dimensional Fe3O4@rare earth
complex core-shell structure [19, 20]. The fabrication of one-dimensional luminescent-magnetic
composites is a new subject [21–23]. Electrospinning is an outstanding technique for treating viscous
solutions into continuous �bers or with one-dimensional nanostructures [24, 25].

Based on the above analysis, in this work, Fe3O4/Eu(DBM)3phen/PVP multifunctional micro�bers were
synthesized via electrospinning process. The synthesis procedure of the multifunctional micro�bers is
shown in Fig. 1. Eu(DBM)3phen complex and Fe3O4 NPs were �rst prepared respectively. Then PVP was
dissolved into anhydrous ethanol under magnetic stirring for 24 h. Eu(DBM)3phen complex was
introduced to the above solution under magnetic stirring and Fe3O4 NPs were introduced to the solution
by sonication. PVP micro�bers doped with Fe3O4 NPs and Eu(DBM)3phen complex were prepared via
electrospinning technique. the structure, photoluminescent and magnetic properties of the
multifunctional micro�bers were investigated in detail, and some signi�cant results were obtained. This
new kind of micro�bers combine the advantages of rare earth complexes and Fe3O4 NPs. They are
expected to �nd applications in biomedical and biochemical �elds. In addition, the preparative technique
can be extended to fabricate other multifunctional composites.

2. Experimental Section
2.1. Materials. Anhydrous ethanol, Ferric chloride hexahydrate (FeCl3·6H2O), Ethylene glycol, Sodium
acetate (NaAc), Ethylenediamine were purchased from Sinopharm Chemical Reagent Co., Lid. (Shanghai,
China). PVP (Mw ≈ 1 300 000), 1,10-phenanthroline, dibenzoylmethane, Europium chloride hexahydrate
(EuCl3·6H2O) were purchased from Aladdin Chemistry Co., Ltd.

2.2. Synthesis of Fe3O4/Eu(DBM)3phen/PVP micro�bers. Eu(DBM)3phen complex and Fe3O4 NPs was
synthesized according to the traditional method [26–27]. The micro�bers were prepared via
electrospinning process. 0.5 g PVP was dissolved in 4.5 g ethanol at a mass concentration of 10%. The
solution was stirred for 24 h and then 0.015 g Eu(DBM)3phen complex was dissolved in that solution
under magnetic stirring for 10 min. The mass percentage of Eu(DBM)3phen complex to PVP is 3%. A
certain amount of Fe3O4 NPs were dispersed in the solution under ultrasonic. The mass ratios of Fe3O4

NPs to PVP for various samples were 0%, 10%, 20%, 30%, respectively. The electrospinning process was
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carried out in air at room temperature, similar to that depicted before [28]. The composite micro�bers with
Fe3O4 NPs accounting for 0%, 10%, 20% and 30% of PVP mass were labeled as samples 0F3E, 10F3E,
20F3E and 30F3E, respectively. For comparison, pure PVP micro�bers and the composite micro�bers
containing 20% Fe3O4 NPs of PVP were prepared by the same method, and the composite micro�bers
were labeled as sample 20F0E.

2.5. Characterizations. The data of XRD, the energy-dispersive analysis of x-ray (EDS), The infrared (IR)
absorption spectra, FE-SEM and TEM images were measured according to our previous work [29]. The
�uorescence dynamics, excitation and emission spectra were recorded using an Edinburgh FLS980
spectrophotometer. The hysteresis loops of the samples were measured on the Physical Property
Measurement System (PPMS).

3. Results And Discussion

3.1. Structure and morphology of
Fe3O4/Eu(DBM)3phen/PVP multifunctional micro�bers.
The XRD patterns of different samples are shown in Fig. 2. According to the Powder Diffraction Standard
(JCPDS) �le on JCPDS 89–0688, all diffraction peaks of Fe3O4 NPs can easily point to the face-centered
cubic phase of Fe3O4. Except for sample 0F3E without Fe3O4 doping, the diffraction peaks of Fe3O4 were
observed in other composite micro�bers with different Fe3O4 content, which indicated that Fe3O4 was
indeed doped into the micro�bers. Furthermore, with the increase of Fe3O4 doping concentration, the
diffraction peaks of Fe3O4 became stronger and stronger in the composite micro�bers. The broad
diffraction band at about 20 degree in samples 0F3E, 10F3E, 20F3E and 30F3E was attributed to the
amorphous PVP.

Figure 3 shows the SEM images of pure PVP �bers, samples 20F0E, 0F3E and 20F3E. As shown in
Fig. 3a, the diameters of pure PVP micro�bers were uniformly distributed, with an average diameter of
about 360 nm. The diameters of the micro�bers doped only with Fe3O4 nanoparticles were still uniformly
distributed (Fig. 3.3b), and the average diameters were consistent with that of the pure PVP micro�bers.
However, the surface of the micro�bers became less smooth and some humps appeared (inset of
Fig. 3b), which were caused by Fe3O4 NPs in the micro�bers. When 3% Eu(DBM)3phen complex and
Fe3O4 NPs were both added to the precursor for electrospinning, the micro�bers became very
inhomogeneous in diameter (Fig. 3c-d). The diameters of the micro�bers were between 100 nm and 700
nm. The addition of europium complex may change the conductivity and viscosity of precursor solution
and make the size of micro�bers ununiform.

In order to further characterize Fe3O4 NPs successfully doped into the composite micro�bers, TEM
images of sample 20F3E were given in Fig. 4. As shown in Fig. 4, Fe3O4 NPs in the composite micro�bers
can be clearly seen, indicating that Fe3O4 NPs were successfully doped into PVP micro�bers. Table 1
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shows the energy spectrum test results of sample 20F3E. There are iron and europium elements in the
composite micro�bers, which also indicates that Fe3O4 NPs were successfully doped into the micro�bers.

Table 1
EDS of sample 20F3E.

Element Mass percentage (%) Atomic percentage (%)

C 25.98 50.51

N 1.97 3.28

O 19.51 28.48

Fe 36.53 15.27

Eu 16.01 2.46

FTIR spectra of the different samples are shown in Fig. 5. The FTIR spectra of the composite micro�bers
were similar to that of pure PVP �bers, indicating that Eu(DBM)3phen complex in the composite
micro�bers was encapsulated in the PVP matrix.

3.2. Excitation and Emission Spectra.
The excitation and emission spectra of various samples were shown in Fig. 6. The intensity of the
emission spectra was weaker than that of the excitation spectra. The emission spectra of all the samples
were expanded by a factor of 10. Compared with the composite micro�bers, the excitation and emission
spectra of pure europium complex were the strongest. It can be obviously seen that the intensities of
emission and excitation spectra gradually decrease with adding more Fe3O4 NPs. The reason is that both
excitation and emission light can be absorbed by the black Fe3O4 NPs [22]. With introducing more Fe3O4

nanoparticles, the light absorption became stronger, which resulted in a decrease in the excitation and
emission spectra. Nevertheless, the composite micro�bers can also emit bright red light (Fig. 7a), but the
luminescence is weaker than that of the pure Eu(DBM)3phen complex (Fig. 7b).

As shown in Fig. 6, in the pure complex, a wide excitation band ranging from 230 to 510 nm appears. In
the composite micro�bers, it is interesting to observe that the excitation band is divided into two parts,
with peaks at about 274 and 357 nm, respectively. This suggests that the site symmetry of the composite
micro�bers is reduced [30]. The excitation peaks of 7F0-5D2 and 7F1-5D1 appear in the excitation spectra
of pure Eu(DBM)3phen complex, but disappear in the excitation spectra of composite �bers. This
indicates that in the composite micro�bers, the f-f inner shell transitions were quenched by the transfer of
nonradiative energy from the highly excited state to some uncertain defect levels, replacing the
nonradiative relaxation to 5D0 process.

The emission spectra of different samples were tested under the excitation of 365 nm light. The emission
peak positions of the composite micro�bers were the same as that of the europium complex. The
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intensities of emission spectra gradually decrease with adding more Fe3O4 NPs. The characteristic
emission peaks of Eu(DBM)3phen complex were observed, which located at 579, 590 and 612 nm. These

peaks were attributed to the 5D0 - 7F0 (579 nm), 5D0 - 7F1 (590 nm), and 5D0 - 7F2 (612 nm) energy level

transitions of Eu3+, and the red-light emission at 612 nm is dominant.

The relative �uorescence intensity (5D0 - 7F2) in different samples were listed in Table 2. By comparing
the intensity and the concentration of different samples, we can conclude that the unit mass of europium
complex in samples 0F3E, 10F3E and 20F3E gave stronger luminescence than the pure europium
complex, implying the improvement of outer luminescence e�ciency in samples 0F3E, 10F3E and 20F3E
[31]. Owing to the strong light absorption ability of Fe3O4 NPs, with adding more Fe3O4 NPs, the unit
mass of the pure europium complex gave weaker and weaker luminescence. The unit mass of europium
complex in sample 30F3E gave weaker luminescence than that of pure Eu(DBM)3phen complex due to
the in�uence of Fe3O4 NPs on luminescence. When europium complexes are added to PVP matrix, PVP

inhibits the vibrational transition. As a consequence, more energy was transferred to Eu3+, leading to the
improvement of photoluminescence.

Table 2
The content of Eu complex, relative emission intensity and exponential lifetime of samples

30F3E, 20F3E, 10F3E, 0F3E and pure Eu complex.
Sample Eu(DBM)3phen 0F3E 10F3E 20F3E 30F3E

Content of Eu(DBM)3phen (mass %) 100 3 2.73 2.5 2.31

relative intensities of 5D0-7F2
1 18.4 7.89 2.30 0.58

Exponential lifetime (µs) 396 596 582 561 604

3.3. Fluorescence Dynamics.
Figure 8 shows the �uorescence decay curves of 5D0-7F2 emissions under 365 nm excitation at room

temperature. The results show that the emissions of 5D0-7F2 decay exponentially in all the samples. As
shown in Table 2, the exponential lifetimes are 396, 596, 582, 561 and 604 µs in the pure complexes, and
in samples, 0F3E, 10F3E, 20F3E, 30F3E, respectively. The results show that the �uorescence lifetime of
5D0 state in composite �ber is obviously longer than that of pure Eu(DBM)3phen complex. In the

composite micro�bers, the surrounding environment of Eu3+ has changed, which may affect the radiation
transition rate of Eu3+ [32], inducing the change of the �uorescence life of 5D0 level in the composite
micro�bers.

3.4. Magnetic properties.
Hysteresis loops of Fe3O4 NPs, samples 20F0E and 20F3E are shown in Fig. 9. The Y-axis values of the
samples 20F0E and 20F3E were expanded by a factor of four. Fe3O4 NPs and composite micro�bers are
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both superparamagnetic. No remanence was observed when the applied magnetic �eld was removed.
The superparamagnetic properties make it possible for them to be used in targeted drug transportation
[33]. According to the previous literature reports [34], Fe3O4 NPs with the size of less than 20–30 nm
exhibited superparamagnetic properties, and Fe3O4 NPs with the size of larger than 30 nm exhibited
ferromagnetic properties. In our work, the size of Fe3O4 nanoparticles is larger than 30 nm, but it exhibited
superparamagnetic properties. This is due to the existence of magnetite NPs smaller than 30 nm in the
larger Fe3O4 NPs. The saturation magnetization of Fe3O4 NPs, samples 20F0E and 20F3E was 80.2, 7.0
and 2.1 emu/g, respectively. Due to the reduced proportion of Fe3O4 in the composite micro�bers, the
saturation magnetization of the composite micro�bers was smaller than that of pure Fe3O4 NPs.
Compared with sample 20F0E, the saturation magnetization of sample 20F3E also decreased, indicating
that europium complex may have some effect on the magnetism of the Fe3O4 NPs.

4. Conclusions
In summary, multifunctional Fe3O4/Eu(DBM)3phen/PVP micro�bers were synthesized by electrospinning
technique. XRD, SEM, TEM and EDS results indicated that Fe3O4 NPs were successfully doped into the
composite micro�bers. The photoluminescent properties of pure Eu(DBM)3phen complex and composite
micro�bers were also studied. The characteristic emission peaks of Eu(DBM)3phen complex were
observed, which located at 579, 590 and 612 nm, and the red-light emission at 612 nm is dominant. The
luminescence of the composite micro�bers is weaker than that of the pure europium complex. With
adding more Fe3O4 NPs, the unit mass of the pure Eu(DBM)3phen complex gave weaker luminescence.
The �uorescence lifetime of the composite �bers is longer than that of pure Eu(DBM)3phen complex.
Fe3O4 NPs and composite micro�bers were both superparamagnetic. This new kind of micro�bers
possess both magnetism and luminescence, which makes it a material with great potential for
application in targeted drug delivery, biomedicine and biochemistry and so on.
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Figure 1

Schematic diagram of the synthetic procedure.
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Figure 2

XRD patterns of pure Fe3O4 NPs, samples 30F3E, 20F3E, 10F3E and 0F3E.
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Figure 3

SEM images of (a) pure PVP �bers; (b) sample 20F0E; inset: magni�ed view of sample 20F0E; (c) sample
0F3E; (d) sample 20F3E.
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Figure 4

TEM images of sample 20F3E.

Figure 5

FTIR spectra of pure PVP �bers, pure Eu complex; samples 20F3E and 0F3E.
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Figure 6

Excitation spectra (λem=612 nm) and emission spectra (λex=365 nm) of samples 30F0E, 20F0E, 10F0E,
0F3E and pure Eu complex.
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Figure 7

Photographs of (a) sample 20F3E and (b) pure Eu complex under 365 nm Hg lamp.
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Figure 8

Fluorescence decay dynamics of the 5D0-7F2 transitions (λex=365 nm) in samples 30F0E, 20F0E, 10F0E,
0F3E and pure Eu complex (room temperature).
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Figure 9

The magnetic hysteresis loops of samples 20F0E, 20F3E and pure Fe3O4 nanoparticles.


