6524 J. Phys. Chem. @007,111, 6524-6527

Electrospinning Preparation and Photoluminescence Properties of Rare-Earth Complex/
Polymer Composite Fibers

Hui Zhang, Hongwei Song,* Hongquan Yu, Xue Bai, Suwen Li, Guohui Pan, Qilin Dai,
Tie Wang, Wenlian Li, Shaozhe Lu, Xinguang Ren, and Haifeng Zhao

Key Laboratory of Excited State Physics, Changchun Institute of Optics, Fine Mechanics and Physics,
Chinese Academy of Sciences, 16 Eastern South-Lake Road, Changchun 130033, People’s Republic of
China and Graduate School of Chinese Academy of Sciences, Beijing 10039, People’s Republic of China

Receied: December 7, 2006; In Final Form: March 8, 2007

Composite fibers of poly(vinyl pyrrolidone) (PVR],, =~ 1 300 000) and europium complex Eu(BA)PPO}

(BA =1-benzoylacetone; TPPS triphenylphosphine oxide) with strong photoluminescence were prepared
by electrospinning. Their luminescent properties were studied in comparison to that of the pure complex. The
results indicate that due to decreased symmetry in the composites the excitation bands are split into two
different components, peaking 246 and~336 nm, respectively, while the ratio of the electronic dipole
5Do-’F; transitions to the magnetic dipof®o-'F; ones in the emission spectra becomes a little larger. The
room temperature fluorescence lifetime for thgy level becomes shorter due to increased radiative and
nonradiative transition rates. The temperature dependence of photoluminescence was investigated under
325-nm excitation. It is interesting to observe that in the composite fiber the total emission intensity of the
Ew' ions changes little below 150 K, while in the pure complex the intensity decreases monotonically with
increasing temperature. In addition, the composite fibers exhibit better photostability exposed to ultraviolet
lights. These novel luminescent composite fibers have potential application in nanodevices.

1. Introduction the relevant pure europium complex Eu(BEPPO). It is
important to observe that the thermal stability and photostability
of the luminescence in the composite fibers is improved over
those of the pure europium complex.

One-dimensional (1D) nanostructural materials have gained
considerable attention recently owing to their unique properties
and intriguing applications in many arelaslD organic-
inorganic composites are particularly challenging, because they
could integrate the advantages of both the organic materials2- Experimental Section

(flexibility, processability, and lightweight) and the inorganic . .
materials (hardness, heat stability, chemical resistance, and A. Sample Preparation. Eu(BA)s(TPPO) was synthesized

optical function)? Electrospinning is a simple, versatile, and according o the traditional methddin the preparafion, an

useful technique for fabricating nanofibers from a rich variety appropriate amount of PVP was dissolved in ethanol at a

. 0 .
of functional materials that are exceptionally long in length and ggrnricnent;atl?g (r)ifatz’ a?r’]oluzng? Elull(BgngF{(l):; Orf wtehcmfgér%ﬁer
uniform in diameter. The diameters of fibers prepared by this 9, approp

method can range from tens of nanometers to several microme-Welght were dissolved into the same volume prepared PVP

ters. The morphology of the electrospun fibers depends on theethanol solutions, which were stirred to be uniform. The final

solvent and the solution properties, as well as other processin solution then was electrospun to give composite fibers of Eu-
variables? prop ’ P g(BA)g,(TPPO) complex and PVP. The schematic diagram of

Luminescent rare earth (RE) organic complexes are of both the electrospinning setup was shown in Figure 1. It consists of

fundamental and technical interest due to their characteristicthr.ee major components: - a high-voltage power supply, a
. X . . _spinneret (a needle), and a collector plate (a grounded conduc-
luminescence properties, such as extremely sharp emissio

e - N r}or). The voltage used for electrospinning was 14 kV, and the
bands, long lifetime, and potential high internal quantum - - :
efficiency. The rare earth complexes incorporated in the polymer collection distance was 30 cm. In the following text, the pure
ency. P P POYMET £ (BAY(TPPO) complex and Eu(BA(TPPOYPVP composite
matrix embody a class of new materials that present the _ .
e . . . _fibers electrospun from 7, 9, 12 and 14 wt % concentration of
characteristics of the complexes, making them applicable in a

wide range of new technologies. The polymer-capped rare earthPVP ethanol solution are labeled as samples A, B, C, D, and E,
9 . gies. poly P . respectively. The mass ratio of the Eu(BAPPO) complex
complexes are important because they possess the propertie

. . tso PVP in samples B, C, D, and E was calculated to-ie23,
of the complexes while they can be processed from solution . ; .
) . 1:30, 1:40, and 1:47, respectively.
and are mechanically flexible.

In this paper, Eu(BAXTPPOYPVP composite fibers with B. Measurements.The size and morphology of the composite

intense brightness were prepared through electrospinning. TheirlI°€rS were obtained by using a S-4800 scanning electron
luminescent properties were studied in comparison with that of Microscope (Hitachi). The excitation and emission spectra were
recorded at room temperature with a Hitachi F-4500 spectro-

* Address correspondence to this author. E-mail: hwsong2005@yahoo. Photometer equipped with a continuous 150-W Xe-arc lamp.
com.cn. Fax: 86-431-86176320. In the experiments of spectral change induced by UV light
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Figure 1. Schematic diagram of the electrospinning setup.

irradiation, the monochromic light separated from the same Xe-
arc lamp was used as the irradiation source, with a slit of
10 nm. In the measurements of temperature dependence of
fluorescence the samples were placed into a liquid nitrogen
cycling system (pellet). A continuous 325-nm light from aHe

Cd laser was used as the excitation source. The fluorescence
was measured by a UV-Lab Raman Infinity (made by Jobin
Yvon Company) with a resolution of 2 cth In the measure-
ments of fluorescence dynamics, a 355-nm light generated from
a NP YAG (yttrium aluminum garnet) laser combined with a
third-harmonic generator was used as the pump. An oscillograph

was used to record the decay dynamics. Figure 2. SEM images of Eu(BAgITPPO)/PVP composite fibers:
(a) sample B, (b) sample C, (c) sample D, (d) sample E, and (e) image
for sample B on a large scale.

3. Results and Discussion

- OH

A. Characterization. Figure 2a-d shows the scanning ' pvp

electron microscope (SEM) image of composite fiber samples
B, C, D, and E, respectively. From Figure 2e we can see that
uniform and super-long nanowires are formed in sample B, with
lengths of several tens to hundreds micrometers. The composite
fibers in the other samples yield similar lengths. The average
diameters for samples B, C, D, and E ar200, 350, 500, and
700 nm, respectively. Apparently, the diameters of the composite
fibers increase with the increase of PVP concentration. 1000 2000 3000 4000|
Figure 3 shows the Fourier transform infrared (FTIR) spectra Wavenumber (cm )
of the different samples. The Eu(BATPPO) complex used Figure 3. Infrared absorption spectra of the pure Eu(BAPPO}
to fabricate the composite fibers is a kind of nonhydrated complex (A), the Eu(BAXTPPOYPVP composite fibers (B, C, D, and
complex, which can be proven by the absence of theHo  E). and the pure PVP fibers.

Absorbance (a.u.)
O =2 N W A~ O O?

stretching mode in the IR absorption spectrum for the pure Eu- B T |
(BA)3(TPPO) complex. The composite fibers contain a trace Tg\ 5"/\/L' e
hydroxyl group due to the electrospun solution. A broad band N4 N E
at 3400 cm* appears in the composite fibers, which is assigned g 3_f\/L__ I\ D
to vibration of the associated hydroxyl groups. The FTIR spectra o j\/\— {\ c
of the composite fibers are similar to that of the PVP fibers £ 21
electrospun from the PVP ethanol solution, suggesting that the %’ 1_./\/X__ R }\ B
europium complexes are capped in the PVP matrix in the = o-m Ii
composite fibers. = 200 300 400 500 600 650
B. Excitation and Emission Spectra.The photolumines- Wavelength (nm)
cence properties of the composite fibers were studied and _ =

compared with that of the pure europium complex. Figure 4 Figure 4. Excitation spectrafen = 609 nm) and emission spectra
o o ) (dex = 331 nm) of different samples.
shows the excitation and emission spectra of various samples.
In the pure complex, a broad excitation band extending from that in the composite due to the existence of the surrounding
200 to 400 nm appears, which is assigned taother* electron PVP media, the site symmetry becomes lofver.addition, in
transition of the ligands. In the composite, it is interesting to the excitation spectrum of the pure complex tifg-°D, and
observe that the excitation band is split into two components, 7F;-°D; excitation lines appear, while in the composites the lines
having peaks at-246 and~336 nm, respectively. This indicates  disappear. This suggests that in the composites-ttfienner-
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Figure 5. Fluorescence decay dynamics of tey-"F, transitions 114000
(Aem = 609 nm) in various samples (room temperature). [ 12000 g
(10000
shell transitions are quenched through the nonradiative energy 8000 =
transfer from the higher excited states to some uncertain defect feoo0 &
levels, substituting for the nonradiative relaxatior’Bw. r4000 =
In the emission spectra, the réfy-'F; (J = 0, 1, 2) :3000
transitions are clearly observed. They demonstrate two features = o
for the spectral properties of Euions in the composites: (1) =\ / Q@\
The emission lines in the composites become broader over the =i &
pure complex, which is attributed to heterogeneous broadening 550 600 650 700 ,\Q}‘Q
caused by more disordered local environments surrounding (b) Wavelength (nm)
Ew* ions. (2) The intensity ratio 0fDo-’F, to *Do-Fy in the Figure 6. Emission spectra at various temperatures under 325-nm
composite fibers increases a little over the pure complex. The excitation.
ratios in samples A, B, C, D, and E are determined to be 7.8,
8.5, 9.3, 9.4, and 9.0, respectively. As is well-known, the g 124
magnetic dipole transition®D,-’F; are largely independent of ﬁ 1.04
the ligand field and therefore can be used as an internal standard g 0.8
to account for the ligand differencésThe electric dipole S o6,
transitions °Dg-’F,, so-called hypersensitive transitions, are £
sensitive to the symmetry of the coordination sphere. The 2 04
intensity ratio of the magnetic dipole transition to the electric 2 024
dipole transition in the lanthanide complex measures the *g 0.0
symmetry .of the coordination sphételherefore, the ebove T 50 100 150 200 250 300 350 400
results indicate that the presence of PVP generally increases Temperature (K)

the Iumines_cent intensity of the hypersensitive trans_itions of the Figure 7. Dependence of emission intensity of By F; transitions

!anthamde ions. V_Vhen the europium cemplexes are |ncorpor_a§edon temperature: (a) Eu(BAJTPPO) complex and (b) Eu(BA)

into the microcavities of the PVP matrix, the complexes exhibit (tppoy/pvp.

more disordered local environments due to the influence of the

surrounding PVP. Under the influences of the electric field of includes the nonradiative relaxation rate fréby to lower ’F;

the surrounding ligands, the distortion of the symmetry around levels and the nonradiative energy transfer rate to the other

the lanthanide ions by the capping PVP results in the polarization defect centers. In the composite, due to the increased electronic

of the E&#*, which increases the probability for electronic dipole dipole transition caused by incorporation of PVP, the total

allowed transitions. A similar increase of the relative intensity radiative transition rate dDo-X’F; should increase, which may

of °Do-"F to °Do-"F; was also observed in the europium complex  be one factor leading to the shortening of fluorescence lifetime.

incorporated in the PVP matrfxHere, no effort was made to The nonradiative relaxations in the rare earth complexes are

compare the absolute luminescent intensities of the complexesgoverned by the energy difference between the emitting level

in the presence or absence of PVP since the number ofand the next lower level, separated by the number of phonons

molecules in the excitation beam was unequal. However, what of the hos€ In the composite fiber samples the hydroxyl groups

we can claim is that the brightness for the composites is very with large phonon energy may lead to an increase of the

intense, although the concentration of the europium complex nonradiative transition rate fro?Dg to “F; according to the

in the samples is quite small. theory of multiphonon relaxation. We suggest that the increased
C. Fluorescence DynamicsThe fluorescence decay curves nonradiative transition rate is the main factor leading to the

of °Dg-"F, emissions for E¥ ions under 355-nm excitation were  shortening of fluorescence lifetime.

measured at room temperature, as shown in Figure 5. It can be D. Temperature Dependence of Emission IntensityTo

seen that the fluorescence decays exponentially for all the study the thermal stability of photoluminescence, the temperature

samples. The exponential lifetimes for fii? states are obtained  dependence of fluorescence intensity was measured under

to be 573us in sample A, 484s in sample B, 467s in sample 325-nm excitation in various samples. Parts a and b of

C, 429us in sample D, and 408s in sample E. It is obvious  Figure 6 display the emission spectra of the pure europium

that the fluorescence lifetime for thB, state in the composite  complex and the composite fiber sample C at different temper-

fibers becomes shorter than that in the pure europium complex.atures, respectively. The corresponding dependence of emission
In fact, the lifetime of°Dy, 7 is dominated by the total intensity of the®Do-"F, on temperature was drawn as Figure 7.

radiative transition rate ofD-=F;, W;, and the nonradiative It is obvious that the variation of the emission intensity for the

decay rateé\,,, which can be written as = 1/(W; + Wy,). Wy, Ew ions in the composite fiber shows a remarkable difference
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S 10 changes in different samples were also studied. Figure 8 shows
ﬁ 08 £ the dependence of normalized emission intensity at 609 nm on
g 06 A irradiation time in different samples. It is clear that in the
5 10 B composites, as the PVP concentration in the composite fiber is
£1.001 lower, the relative change is larger than that in the pure complex.
%0.95- E As the PVP concentration is high enough, the relative change
S 0.90; A in the composite fiber is smaller than that in the pure complex,
€ 0.85 (?) "B indicating better photoluminescence stability. This indicates that
0 200 400 600 800 1000 1200 low PVP concentration is not effective in stabilizing the
Time () europium complex.

Figure 8. Dependence of normalized intensity at 609 nm on irradiation

time in different samples. The samples are irradiated by (a) 245- and 4 ~gnclusions

(b) 331-nm light. '

related to that in the pure complex. The emission intensity of /" Summary, uniform and superlong Eu(BA)PPO)PVP
the pure Eu(BAXTPPO) complex powder decreases monotoni- composite flbgrs were prepargd by electrosplnnlng,_ which
cally with the increasing temperature in the studied range. In demonstrated intense photoluminescence under ultraviolet ex-
the Eu(BAY(TPPO)YPVP composite fiber the total emission _(;ltatlon. The diameters of the composr_[e fibers were adquted
intensity of the E&" ions changes little below 150 K, then it N the range of 2061000 nm by changing the concentration

decreases quickly as temperature increases continuously. Th@f PVP ethanol solution. The luminescent properties of the
intensity as a function of temperature can be well fitted by the COMPosite fibers were studied and compared to those of the

well-known thermal activation functi¢f pure complex Eu(BAgX_TPPO). The r_esults demonstrgte that
due to the degeneration of crystal field and more disordered
I(T) = /(1 + o exp(E,/KgT)) local environments, the excitation bands are split into different

. L . . ) components, while the ratio of electronic dipole transitions of
whergl_o is the emission intensity at 0 K, is the prqporuonal 5Do-"F> to the magnetic dipole transition 8D-"F; increases
coefficient, Ex is the thermal activation energits is Boltz- due to increased electronic dipole transition probabilities. In
mann’s constant, antlis the absolute temperature. The values ,qqition. the fluorescence decay time constants foPEhe’F
of Ex in samples A and C are respectively 84.1 and 117.1 meV. yansitions become shorter because of increased radiative and
The improved value oE, in the composite fiber suggests that yonradiative transition rates. Most importantly, in the composite
the 'ghermal stability of the photolumlnescencg is better than fpers the temperature stability and photostability of the
that in the pure complexes. The other composite fiber samples)minescence become better in comparison to those of the pure

are similar with sample C in temperature dependence. complex due to the modification by PVP matrix.
It is well-known that in RE complexes energy is transferred
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of the RE ions give rise to a narrow emission band, which is
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