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ABSTRACT: Novel luminescence ultrafine fiber mats con-
taining K11[Eu(PW11O39)2] [EuPW11] and Na9[EuW10O36]
[EuW10] entrapped in polyvinyl alcohol (PVA) have been
successfully prepared by electrospinning method. By com-
paring the luminescence emission spectra of EuPW11/PVA
and EuW10/PVA ultrafine fiber mats, we conclude lower
site symmetry of Eu3þ in the EuPW11/PVA ultrafine fiber
mats. We further investigate the different configurations of

EuPW11 and EuW10, which lead to the different site symme-
try of Eu3þ in the ultrafine fiber mats of EuPW11/PVA and
EuW10/PVA. Fluorescence property shows EuPW11/PVA
ultrafine fiber mats display pure red emission. VVC 2009 Wiley
Periodicals, Inc. J Appl Polym Sci 113: 1369–1374, 2009
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INTRODUCTION

Transition metal substituted polyoxometalates (POMs),
as a well-known class of well-defined clusters with an
enormous variation in size, metal-oxygen framework
topology, composition, and function.1,2 In recent years,
POMs have attracted widespread attentions because
of the structural variety as well as interesting proper-
ties and often unexpected physical and chemical prop-
erties in fields as diverse as catalysis, medicine,
biology, electrochemistry, photophysics, magnetics,
materials science, and even heavy construction.3–5

POMs can offer unique functionality when combined
with lanthanide (Ln) ions by binding to surface bridg-
ing or terminal oxygen atoms.6,7 Ln cations-substi-
tuted POMs have been found display excellent
luminescence properties and have been prove to be
good candidate for various electronic, magnetic, Lewis
acid catalytic centers, especially for luminescent
materials. So far, a great deal of publications have
demonstrate the fabrication of photoluminescence
multibilayer Ln cations-substituted POMs composite
films by various effective and convenient methods, for
example, the ion-exchange method,8 consecutive

layer-by-layer electrostatic adsorption,9–11 Langmuir-
Blodgett technique,12 sol-gel process,13 dip-coating
method.14 However, all the reports focus mainly on
confirming the potential for creating photolumines-
cence multibilayer with POMs but not give detailed
investigations on different photoluminescence behav-
ior due to the different configurations of POMs.
Our group has done much work on prepared pho-

toluminescence ultrafine fibers based on rare earth
substituted polyoxometalates via electrospinning
method. In this article, we report the preparation of
ultrafine fiber mats containing polyoxotungstoeuro-
pate with Keggin-like K11[Eu(PW11O39)2] and
Na9[EuW10O36] entrapped in polyvinylalcohol (PVA)
using electrospinning technique. IR, UV–vis spectra,
and SEM image characterize the structure of the
ultrafine fiber mats. The experiment results indicate
that the EuPW11/PVA hybrid ultrafine fiber mats
have good photoluminescence behaviors. By com-
paring the luminescence of EuPW11/PVA and
EuW10/PVA hybrid ultrafine fiber mats, we find
that different polytungstates ligands arose different
photoluminescence behavior of Eu3þ in hybrid ultra-
fine fiber mats.

EXPERIMENTAL

Experimental materials and apparatus

EuPW11 and EuW10 (Eu-POMs) were prepared
according to Refs. 15 and 16, respectively. The molec-
ular formulas were confirmed on the basis of IR
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spectrum. The other chemicals used were of analyti-
cal grade.

IR studies were carried out on Impact 410 FT-IR
spectrophotometer in the range of 500–4000 cm�1

with fiber mats. The UV–vis absorption spectra were
obtained with Beckman-DU-8B UV spectrophotome-
ter. Fluorescence spectra were measured on a Spex
FL-2T2 spectrophotometer using a xenon lamp as
excitation source. For scanning electron microscope
(SEM) investigation, an Amray 3000 SEM was used.

Preparation of the ultrafine fiber mats

Aqueous PVA (Mn, 86,000) solution was prepared
by dissolving 1 g of PVA powder in 9 g of distilled
water under vigorous stirring at 90�C. After about
5 h of stirring, a transparent solution was obtained.
Then the solution was cooled to room temperature.
The synthesis of EuPW11/PVA composite is described
as follows: 10 g of PVA solution was added to 0.33 g
solid of EuPW11. The solution was stirred vigorously
for 4 h at room temperature, and then the homogene-
ous and transparent PVA solution contained EuPW11

was obtained.
The EuPW11/PVA solution was contained in a

medical syringe fixed with a size 10-cm metal needle.
The needle was connected to a high-voltages supply.
In our experiment, a voltage of 15 kV was applied to
the solution for electrospinning. The syringe was
tilted downward at an angle about 30�. The ultrafine
fiber mats were collected on a flat aluminium foil,
which was placed 20 cm from the tip of the needle
and dried under vacuum for 24 h at 40�C. The
EuW10/PVA ultrafine fiber mats were obtained by the
same way.

RESULT AND DISCUSSION

SEM photograph

Figure 1 shows SEM micrographs of the Eu-POMs/
PVA ultrafine fiber mats. The shape of the Eu-POMs/

PVA hybrid materials are composed of the ultrafiber
mats with random oriented nanometer-scale. The
diameter of the ultrafine fiber mats are found to be in
the range of 200–600 nm. Fibers collected on the flat
aluminium foil show smooth surface without droplet.

IR spectra

Figure 2 shows IR spectra of the pure solid and ultra-
fine fiber mats. In the IR spectra of Eu-POMs/PVA
ultrafine fiber mats, the broad band around 3400 and
1429 cm�1 are associated with OAH stretching and
bending, which are assigned to stretching mode
of water and PVA. Several characteristic bands of
PVA appear at about 2933 cm�1 (CAH bands) and
1090 cm�1 (CAO band).17–19 Besides those bands, the
IR spectra show very strong bands below 1200 cm�1,
due to the Eu-POMs.20 There are four kinds of oxygen
atoms in the Eu-POMs, i.e., Oa (oxygen in PO4 tetrahe-
dron), Ob (corner-sharing oxygen between different

Figure 1 SEM photograph of the ultrafine fiber mats of the EuPW11/PVA (a) and EuW10/PVA (b) prepared by electro-
spinning technique.

Figure 2 IR spectra of samples: (a) EuPW11 powder;
(b) EuPW11/PVA ultrafine fibers mats; (c) EuW10 powder;
(d) EuW10/PVA ultrafine fibers mats; (e) PVA ultrafine
fibers mats.
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W3O13 sets), Oc (edge-sharing oxygen-bridge within
W3O13 sets), and Od (terminal oxygen atom). The
IR data and assignment of solid and ultrafine fiber
mats are listed in Table I. This demonstrate that the
Eu-POMs polyanions are trapped in the ultrafine
fiber mats and their chemical structures are not
destroyed.21 A more detailed inspection of the vibra-
tional band shifts reveals that the bands of m(PAOa)
and m(W¼¼Od) bands of Eu-POMs in the ultrafine fiber
mats have red shifts and the bands of m(WAObAW)
and m(WAOcAW) are blue-shifted compared with
that of the pure solid. The shift of different peaks can
be attributed to the presence of coulombic interaction
between Eu-POMs and PVA.14 In addition, at ca.
3400 cm�1, OAH stretching vibration band of the Eu-
POMs/PVA ultrafine fiber mats have red shifts and
became broader than that of Eu-POMs solid. These
results are owing to the presence of intermolecular
bonding.22

UV–vis absorption spectra

Both the UV–vis absorption spectra of EuPW11 aque-
ous solution and the EuPW11/PVA ultrafine fiber
mats exhibit a characteristic absorption band of
EuPW11 centered at ca. 250 nm corresponding to the
Ob,c!W charge transfer (CT) transitions (Fig. 3),23,24

which demonstrate EuPW11 has been successfully
incorporated with PVA fibers.24,25 However, the
characteristic absorption band of EuPW11 in the

ultrafine fiber mats is red-shifted from 251 to 253
nm. The wavelength shifts can be attributed to the
interactions between EuPW11 and PVA matrix,
which influence the O!W charge transitions of eu-
ropium-substituted heteropolytungstate.25 The same
conclusion can be obtained from the absorption
spectra of EuW10 and EuW10/PVA ultrafine fibers
mats.

Fluorescence spectra

Figure 4 shows the excitation spectra of the Eu-
POMs solid and the Eu-POMs/PVA ultrafine fiber
mats at room temperature. The excitation spectra of
Eu-POMs solid exhibit strong characteristic peaks of
Eu3þ and a week broad band in ultraviolet region,
which correspond to the ligand-metal charge trans-
fer (LMCT) within polytungstate ligand.26–28 How-
ever, the excitation spectra of Eu-POMs/PVA
ultrafine fiber mats at room temperature only exhibit
a strong broad band in ultraviolet region. Compared
with the broad band, the characteristic bands of
Eu3þ are so weak that hardly can be detected. The
strong broad asymmetric band corresponding to the
LMCT within the polytungstate ligand plays an im-
portant role in Eu-POMs luminescence. The photoex-
citation of the LMCT band leads to intramolecular
energy more efficiently transfer from polyanion to
Eu3þ, followed by a characteristic luminescence of
Eu3þ.29,30

Figure 3 The UV–vis absorption spectra of Eu-POMs aqueous solution (dash line), Eu-POMs/PVA ultrafine fiber mats
(solid line), and the PVA ultrafine fiber mats (dash dot line): (a) EuPW11 and (b) EuW10.

TABLE I
FTIR Data (m/cm21) of Solid and Ultrafine Fiber Mats

Sample m(PAOa) m(W¼¼Od) m(WAObAW) m(WAOcAW)

EuPW11 1101, 1049 952 890 839, 769, 727
EuPW11/PVA 1095, 1045 950 893 841, 779, 735
EuW10 945 841 781, 700
EuW10/PVA 933 845 783, 706
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The emission spectra of Eu-POMs solid and Eu-
POMs/PVA ultrafine fiber mats excited at 398, 370,
395, and 254 nm, respectively, show the characteris-
tic transition of Eu3þ ion, as shown in Figure 5.
These bands are due to transitions within the 4f6-
electron shell and assigned to energy level transition
from 5D0 metastable state to terminal levels. They
are attributed to 5D0!7Fj (j¼0, 1, 2, 3, 4) transi-
tions.31 The emission wavelengths with their assign-
ments are listed in Table II. As we know, the
5D0!7F1 transition is a magnetic dipole transition
and its intensity varies with the crystal field strength
acting on Eu3þ. On the other hand, the 5D0!7F2
transition is an electric dipole transition and is
extremely sensitive to chemical bonds in the vicinity
of Eu3þ, so it was called hypersensitive transition.
When Eu3þ is in a lattice with strict inversion centre,
5D0!7F1 transitions will be main; while Eu3þ is in a
lattice departured strict inversion centre, Laporte for-
bidden is broadened, and part of spin-forbidden f-f
transitions will be relieved, then 5D0!7F2 transitions
will be appeared. The intensity of 5D0!7F2 transition

increases as the site symmetry of Eu3þ ion center
decreases. Hence, the relative intensity ratio of the
5D0!7F2 transition to the 5D0!7F1 transition is
widely used as a measure of the coordination state
and the symmetry of rare earth.30,32,33 For EuPW11/
PVA ultrafine fiber mats, there are obvious changes
of some emission peaks compared with the EuPW11

solid. In the emission spectrum of EuPW11/PVA
ultrafine fiber mats, we can observe a puny band at
579 nm, which is attributed to the 5D0!7F0 transi-
tion, whereas it is not detected in the solid. It is well
known that the 5D0!7F0 transition is strictly forbid-
den in a field of symmetry. Hence, the presence of
5D0!7F0 transition in the EuPW11/PVA ultrafine
fiber mats show that Eu3þ ion sites with low symme-
try and without an inversion center.34,35 In addition,
the relative intensity ratio of the 5D0!7F2 transition
to 5D0!7F1 transition is 7.08 in the EuPW11/PVA
ultrafine fiber mats and higher than 0.69 in the
EuPW11 solid. This result gives another evidence for
lower site symmetry of Eu3þ in the ultrafine fiber
mats. The site symmetry of Eu3þ in the ultrafine

Figure 4 The excitation spectra of the Eu-POMs solid (dash line) and the Eu-POMs/PVA ultrafine fiber mats (solid line) at
room temperature: (a) EuPW11 and (b) EuW10.

Figure 5 The emission spectra of the Eu-POMs solid (dash line) and the Eu-POMs/PVA ultrafine fiber mats (solid line)
at room temperature: (a) EuPW11 and (b) EuW10.
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fiber mats is distorted possibly because that the
strong electrostatic interaction between the matrix
and EuPW11 has an influence on the intensity of the
crystal field acting on Eu3þ.24 The same phenomena
can be observed in the emission spectra of EuW10

and EuW10/PVA ultrafine fibers mats (Fig. 5b). The
5D0!7F0 transition, strictly forbidden by symmetry,
only appears in EuW10/PVA ultrafine fibers mats.
The relative intensity ratio of the 5D0!7F2 transition
to the 5D0!7F1 transition is 0.53 in the EuW10/PVA
ultrafine fiber mats a few higher than 0.28 in the
EuW10 solid. These results also indicate the strong
distortion of Eu3þ site symmetry in the EuW10/PVA
ultrafine fibers mats.

Compared the emission spectra of EuPW11/PVA
ultrafine fiber mats and EuW10/PVA ultrafine fibers
mats, which are obtained by the same way, the
ratios of the relative intensity of the 5D0!7F2 transi-
tion to the 5D0!7F1 transition are different. The rea-
son for this may be the dissimilar environments of
the Eu3þ. The result also suggests that different
interaction between polyanions and PVA matrix
have different influence on the Eu3þ site symmetry.
In EuPW11, Eu

3þ is coordinated by two PW11 groups
through eight oxygen atoms forming an Archime-
dian antiprism. As known, PW11 group comes from
PW12 losing a WO6 octahedron. When two PW11

groups as ligand incorporate with Eu3þ, the symme-

tries of WAOcAW and WAObAW stretch vibration
decrease, which is due to Eu3þ incorporated with
each PW11 group only by linking with two Oc atoms
and two Ob atoms but not hold the position of W
atom. Although in EuW10, four oxygen atoms from
the W5O18 group of the half anion are bonded to the
Eu atom, resulting in eightfold coordination of Eu3þ.
The molecular structures of the products were
shown in Figure 6. For Eu-POMs/PVA ultrafine
fiber mats, the hydrogen bond is formed between
PVA and end-oxygen polyanions, which can be
observed from the IR spectra. The formation of
hydrogen bond may change WAOAW and
WAOAEu bond angles and makes the intermolecu-
lar ligand environment asymmetry, with the influ-
ence of ligand electric field, the symmetry decreases
as the polarity of Eu3þ increases. It also makes the
5D0!7F2 transition increasing. Therefore, it is
expected that in EuPW11/PVA ultrafine fiber mats,
more hydrogen bonds can be formed. It means that
the crystal field strength acting on Eu3þ and chemi-
cal bonds in the vicinity of Eu3þ have great changes
in EuPW11/PVA ultrafine fiber mats compared with
those of EuW10/PVA ultrafine fiber mats. In other
words, the site symmetry of Eu3þ is more strongly
distorted in the EuPW11/PVA ultrafine fiber mats.

CONCLUSIONS

In this article, we successfully prepared the ultrafine
fiber mats based on europium-substituted heteropoly-
tungstate via electrospinning method. The ultrafine
fiber mats exhibited the characteristic emission bands
of Eu3þ. The symmetric forbidden emission 5D0!7F0
could be observed in the spectra of the Eu-POMs/
PVA ultrafine fiber mats whereas this transition could
not be found in the spectra of the Eu-POMs solid. At
the same time, in the Eu-POMs/PVA ultrafine fiber
mats, the intensity ratios of the 5D0!7F2 transition to
5D0!7F1 transition became larger. These results indi-
cated the stronger interaction between the PVA
matrix and heteropolytungstate and lower symmetry
of the Eu3þ in the ultrafine fiber mats. On the other
hand, the intensity ratio of the 5D0!7F2 transition to
5D0!7F1 transition was much larger in EuPW11/PVA

TABLE II
Comparison of the Fluorescence Excitation and Emission Spectra of Solid and

Ultrafine Fiber Mats

State
Excitation
beam (nm)

5D0!7Fj (j ¼ 0�4) emission (nm)

j ¼ 0 j ¼ 1 j ¼ 2 j ¼ 3 j ¼ 4

EuPW11 398 593 614 650 692, 700
EuPW11/PVA 370 579 590 611 651 702
EuW10 395 587, 592 606–618 649 688, 697
EuW10/PVA 254 577 587, 592 606, 611, 618 649 688, 698

Figure 6 Molecular structures of K11[Eu(PW11O39)2] (a)
and Na9[EuW10O36] (b).
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ultrafine fiber mats than that in EuW10/PVA ultrafine
fiber mats. We presumed that the different configura-
tions of EuPW11 and EuW10 would be the main reason
leading the different extent change on the Eu3þ site
symmetry. This result also showed the pure red emis-
sion could be seen in EuPW11/PVA ultrafine fiber
mats. We hoped that the hybrid ultrafine fiber mats
contained Ln-substituted POMs as optical, electrical,
and magnetic materials had more widely applied
foreground.
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