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Synthesis of Hybrid Sm-Containing Polyoxotungstates
and their Photoluminescent Properties
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Department of Chemistry and Institute of Nanotechnology,
Inje University, Kimhae, Korea

Young-Soo Kwon
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Two novel hybrid Sm-containing polyoxometalates were synthesized and charac-
terized to show that hydrophilic polyoxometalate cores are encapsulated by hydro-
phobic shells. Sodium salt of SmW10O36

9� was changed the counter ions by
dodecyltrimethylammonium bromide (DDTABr) and dimethyldioctadecylammo-
nium bromide (DODABr) to obtain (DDTA)9SmW10O36 and (DODA)9SmW10O36.
Both of them were synthesized by extraction procedure using chloroform as the
solvent and characterized by FT-IR, UV=Vis, 1H-NMR, and XPS. (DDTA)9SmW10O36

readily dissolves in chloroform and ethanol while (DODA)9SmW10O36 dissolves in
chloroform, toluene and benzene. The hybrid compounds show photoluminescence
activity in the orange region of the visible light

Keywords: dimethyldioctadecylammonium bromide; dodecyltrimethylammonium
bromide; photoluminescence; polyoxometalates; samarium

1. INTRODUCTION

Polyoxometalates (POMs) form a distinct class of inorganic compounds
that is of both theoretical and practical interest. The structure of
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POMs can be described as molecular fragment of close-packed metal
oxides with general formula XaMbOc (M ¼ Mo, W, V. . . and X ¼ Si,
P, B . . . .). Although the mechanism of formation of POMs is not well
understood and commonly described as self-assembly process, syn-
thesis of POMs is governed by the reaction conditions, pH, ratio of
reactants, and temperature. This class of compounds has received
much attention because of their interesting properties and wide appli-
cations in diversity fields such as analytical chemistry, catalysis,
medicine and materials [1–3].

Recently, lanthanide-containing POMs are the focus of much
research because they possess the antiviral and anti-HIV activities
[4], photoluminescence properties [5], as well as potential application
in molecular-based materials and nano-designs [6]. The luminescent
properties of Eu-containing POMs have been systematically investi-
gated [5,7,8]. Electroluminescent devices using Ln(III)-POMs as
luminescent agents were fabricated through precipitation of Ln(III)-
POMs from aqueous solution as Ba salts but the commercial utility
of devices is still a challenge because of the small number of
internal carriers that produce quite low electroluminescence intensity
[8–10].

In the presence of appropriate counterions, POMs can soluble in
nearly all media from H2O to hydrocarbon [2]. There are many litera-
tures reported on changing the inorganic cations of POMs by cationic
surfactants. The hybrid POMs not only dissolve in organic solvents
such as chloroform, toluene and benzene but also have a synergetic
combination of the properties typical of each of the constituent. Those
hybrid POMs show the properties suitable for fabrication of Langmuir-
Blodgett films. First, E. Coronado and C. Mingotaud reported the
fabrication of hybrid Langmuir-Blodgett films by taking advantage
of the electrostatic interaction between the heteropolytungstates of
the Keggin type and a monolayer of dimethyldioctadecylammonium
bromide spread on the water subphase [11,12]. Afterward, D.G. Kurth
et al. reported for the first time a simple approach to modify the
chemical properties of POMs surface with the cationic surfactant, by
which the obtained hybrid POMs can form stable Langmuir monolayer
and keep their structure when they are spread at an air=water inter-
faces [13]. Recently, W. Bu et al. reported a range of papers related to
using that method to obtain hybrid POMs and investigated their
activities in Langmuir-Blodgett films. These supramolecular hybrid
materials are very promising candidates for the construction of
nanodevices [14–16].

Herein, we present two novel surfactant-encapsulated Sm-containing
POMs that show the orange photoluminescence. Sodium salt of
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SmW10O36
9� was changed the counter ions by dodecyltrimethylammo-

nium bromide and dimethyldioctadecylammonium bromide to obtain
hybrid POMs.

2. EXPERIMENT

2.1. Materials and Instrument

Sodium tungstate dihydrate (Na2WO4�2H2O) was used as purchased
from Acros Organics Co. Samarium (III) nitrate hexahydrate
(Sm(NO3)3�6H2O), dodecyltrimethylammonium bromide, dimethyl-
dioctadecylammoniumbromide, and others chemicals in synthesiswere
purchased from Aldrich Co. and used without further purification.

IR spectra were recorded on Shimadzu 8201PC. UV-Vis absorption
spectra were collected on Shimadzu UV-3100S. PL spectra were
recorded on Fluorophotometer Hitachi F-4500. X-ray photoelectron
spectroscopy (XPS) was carried out at Korea Basic Science Institute
on Busan Branch.

2.2. Synthesis of Na9SmW10O36 (DDTA)9SmW10O36 and
(DODA)9SmW10O36

Na9SmW10O36 was freshly prepared from the solution containing
samarium nitrate and sodium tungstate of molar ratio 1:10, according
to the published procedure [17].

(DDTA)9SmW10O36 and (DODA)9SmW10O36were synthesized using
the reported procedure [13,14]. Na9SmW10O36 was dissolved in water
and then chloroform solution of DDTABr or DODABr was added with
stirring. The initial molar ratio of DDTABr or DODABr to POM was
controlled on 9:1. The complete transfer of POM into organic phase
was indicated by the colorless aqueous phase. The organic phase
was separated and (DDTA)9SmW10O36 and (DODA)9SmW10O36 were
collected by evaporating chloroform to dryness. Then the sample was
dried in vacuum until the weight remained constant.

3. RESULTS AND DISCUSSION

3.1. Synthesis and Structure Characterization of
(DDTA)9SmW10O36 and (DODA)9SmW10O36

The decatungstosamarate (�9) anion was first synthesized by R.
D. Peacock and T. J. R. Weakly [17] with the original formula as
SmW10O35

7� . It is now known to have composition as SmW10O36
9� in
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which Sm3þ is sandwiched between two W5O18
6� fragments (each

containing of five WO6 octahedral sharing edges) and has eight coordi-
nation bonds (Fig. 1).

The POM itself is only soluble in water whereas (DDTA)9SmW10O36

and (DODA)9SmW10O36 are immiscible in water but readily dissolve
in organic solvents. (DDTA)9SmW10O36 is dissolves in chloroform
and ethanol and (DODA)9SmW10O36 dissolves in chloroform, benzene
and toluene. This proved that POM has been successfully encapsu-
lated with organic cations.

IR spectra (Fig. 2) show the absorption peaks at 2918 cm�1 and
2850 cm�1 represent to CH2-antisymmetric and symmetric stretching
modes of alkyl chains. This indicates that the DDTA and DODA alkyl
chain are well-ordered in the solid state of (DDTA)9SmW10O36 and
(DODA)9SmW10O36. The peaks at 3458 cm�1 and 1653 cm�1 assigned
to water crystalline. The peaks observed below 1000 cm�1 represent
characteristic POM vibrations and the intensity of these peaks
reduces with the increase in the length of alkyl chains.

1H-NMR spectra (not shown here) of the hybrid POMs provide more
evident for the attachment of DDTA and DODA to the surface of POM.
The peaks representing methyl groups were not changed in chemical
shift but more broad compared with that in the 1H-NMR spectra

FIGURE 1 Polyhedral representation of SmW10O36
9� .
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of DDTABr and DODABr. This is attributed to the electrostatic
interaction between DDTA or DODA and POM. The positive head of
cationic surfactants attached to the negative surface of POM so that
reduce the mobility of the long alkyl chain.

All dilute solutions of POM and hybrid POMs show no absorption
band in the visible region (Fig. 3). Only the shoulder bands are
observed in UV region, particularly (DDTA)9SmW10O36 in ethanol
and (DODA)9SmW10O36 in ethanol-hexane show a shoulder at around
260nm. This band may be assigned to O!W charge transition, which

FIGURE 2 IR spectra of POM and hybrid POMs.

FIGURE 3 Absorption spectra of POM and hybrid POMs.
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are the characteristic band for some heteropolytungstate complexes
[18]. Absorption peak around 204nm is assigned to the absorption of
solvents.

XPS spectra of hybrid POMs are shown in Figures 4 and 5. The
carbon peaks appear intensively while the sodium peaks disappear.
Combine with the quantitative analysis of the component elements;
we could confirm that all sodium cations were exchanged by DDTA
and DODA.

FIGURE 4 XPS spectrum of (DDTA)9SmW10O36.

FIGURE 5 XPS spectrum of (DODA)9SmW10O36.
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3.2. Photoluminescent Property of POM and Hybrid POMs

We investigated the photoluminescence property of POM and two
hybrid POMs in dilute solutions (10�3mol.L� 1). Figure 6 shows the
photoluminescence spectra of Na9SmW10O36 in water, (DDTA)9
SmW10O36 and (DODA)9SmW10O36 in chloroform. The measurements
were carried out at room temperature and at the same excitation
wavelength of k ¼ 270nm. All spectra show three emission peaks at
570nm, 608nm and 653nm in which the peak at 608nm has the high-
est intensity. This peak belongs to the orange region of the visible
light. And the photoluminescence intensity of both hybrid POMs in
chloroform is higher than that of POM in water.

4. CONCLUSION

(DDTA)9SmW10O36 and (DODA)9SmW10O36 were synthesized and
characterized. These hybrid substances contain the POM core encap-
sulated by surfactants. (DDTA)9SmW10O36 readily dissolves in
chloroform and ethanol while (DODA)9SmW10O36 dissolves in
chloroform, benzene and toluene. Both of them show the orange
luminescence at 608nm. The fabrication EL device using
(DDTA)9SmW10O36 and (DODA)9SmW10O36 as the emitting layers
is in progress.

FIGURE 6 Photoluminescence spectra of POM and hybrid POMs.
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