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Abstract: Three rare-earth-containing heteropolyoxometalates with different sizes, Na9[Eu(W5 
O18)2], K13[Eu(SiW11O39)2], and K17[Eu(P2W17O61)2], have been incorporated by self-assembly into 
the interlayer of synthetic multibilayer films of dimethyldioctadecylammonium chloride and 
exhibited different orientations. 
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Polyoxometalates (POMs) are received much interest currently because of their wide 
applications in catalysis and materials science1.  We have prepared some inorganic 
composite materials by intercalating POMs into the interlayer space of layered double 
hydroxides (LDHs)2,3.  These materials exhibit good catalytic activities and the C2 axis 
of the intercalated Keggin-type POMs is found to be orthogonal to the layers of LDHs2. 

Synthetic multibilayer films are highly ordered molecular aggregates and their 
interlayer space is much similar to that of LDHs4.  So far, only two isopolyoxo- 
metalates [V10O28]6- and [W10O32]4- have been incorporated into the interlayer of 
multibilayers by ion exchange or casting5,6.  Here we report the incorporation and 
orientations of three rare-earth-containing heteropolyoxometalates with different sizes, 
Na9[Eu(W5O18)2] (EW), K13[Eu(SiW11O39)2] (ESW), and K17[Eu(P2W17O61)2] (EPW), in 
the interlayer space of the synthetic multibilayer films of dimethyldioctadecylammonium 
chloride (DODA) by ion exchange. The photoluminescence properties of the 
organic-inorganic composite films were also obtained. 

The three POMs were prepared according to the literature7.  The DODA 
multibilayer film was formed by immersing a cleaned substrate in a solution of DODA in 
CHCl3 (0.05 mol/L) at room temperature overnight.  Composite films were prepared by 
self assembly, i.e. the substrate-supported DODA multibilayers were immersed in an 
aqueous POM solution (0.01 mol/L) at room temperature for a number of days.  The 
substrate was taken out for recording the UV-vis spectra every day until the absorbance 
values of the characteristic bands were constant. 

                                                        
*E-mail: huchw@nenu.edu.cn 



Yong Hui WANG et al. 888

UV-vis spectroscopy was employed to monitor the ion-exchange process between 
the Cl- ions of DODA and the polyanions.  The results showed that the absorbances of 
the characteristic bands at 195 and 262 nm assigned to the O → W charge transfer 
transitions of the polyanions8 increased with the exchange time.  This indicated that the 
contents of the polyanions incorporated into the interlayer of DODA increased.  More 
than ten days later, the absorbances did not increase any more, suggesting the complete 
substitution of Cl- by the polyanions and finish of the ion exchange.  

X-ray diffraction (XRD) has proved to be a potent and credible approach to 
investigate film structure5-7,9 and orientations of the polyanions6,7.  Figure 1 a-e showed 
the XRD patterns of the obtained films with different compositions.  Several Bragg 
peaks can be clearly identified, confirming the existence of well-ordered multilayer 
structure in these films9.  From the reflections the periodic thicknesses are ca. 33.2, 45.5, 
46.0, and 48.5 Å respectively, which were calculated for the DODA single component 
film and the EW-, ESW-, and EPW-containing composite films.  The last three values 
are much greater than the first one, confirming that the three polyanions have substituted 
small Cl- ions and been incorporated into the interlayer of DODA.  Based on these 
values and estimations of the DODA molecular length10 and the cluster diameters of the 
polyanions11-13, the orientations of the polyanions in the interlayer can be inferred.  For 
the EW-containing film, the EW polyanions are oriented with their long axis normal to 
the surface of the substrate and form a monolayer with a thickness of ca. 13 Å.  Thus, 
the remaining 32.5-Å thickness can be ascribed to one DODA bilayer and the DODA 
double-chains tilt with an angle of ca. 47.8° with respect to the substrate surface (Figure 
2a).  This thickness of a DODA bilayer is in good agreement with the periodicity of 
DODA multibilayers (33.2 Å), distinctly demonstrating the maintenance of ordered 
multibilayer structures after incorporation of EW.  In contrast, the ESW and EPW 
polyanions are arranged with their long axis parallel to the substrate surface and form a 
monolayer with a thickness of ca. 10 Å and 12 Å.  Accordingly, the thickness of the 
DODA bilayer is about 36.0 Å for the former (tilt of DODA: ca.54.9°) or 36.5 Å for the 
latter (tilt of DODA: ca. 56.0°) (Figure 2b).  The dissimilar orientations may be 
associated with the different cluster diameters of the polyanions: the sizes of the 
polyanions increase as EW < ESW < EPW while the cluster diameters of ESW and EPW 
in the short axis are comparable with that of EW in the long axis11-13.  The detailed 
mechanism needs further exploration. 

In addition, for the EW-containing film with incomplete ion exchange (Figure 1b), 
the first two reflections (2θ = 1.92° and 2.6°) are quite close to the first-order reflections 
in Figure 1c and 1a, respectively.  This result confirms that the composite film at this 
time contains both EW and Cl-, that is, the ion-exchange process has not finished yet. 

The photoluminescent properties of the POM-intercalated composite films were 
examined by fluorescence spectroscopy at room temperature and are briefly described 
here.  These films all exhibit luminescence pertaining to the visible-region emission 
transitions 5D0 → 7FJ (J = 0, 1, 2, 3 or 4) of Eu3+, very similar to those found for the 
corresponding POM solids8,14.  Again, this confirms the incorporation and stability of 
the polyanions in the composite films.  However, some variations occur in the relative 
intensity, splitting, and width of individual bands compared with those of the POM  
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Figure 1  XRD patterns of the multibilayer films. 

The five curves are (a) synthetic DODA film, (b) EW-containing composite film with incomplete 
ion exchange, (c) the completely ion-exchanged EW-containing film, (d) ESW- and (e) 
EPW-containing composite films. Individual curves are shifted in the y-axis direction for clarity. 
 
Figure 2  Schematic representations of the orientations of (a) EW and (b) ESW and EPW in the 
interlayer of DODA multibilayers. 
 

 
Note that this drawing is an oversimplification of the actual multibilayer structure. 

 
solids.  Possible reasons may include the very low contents, different symmetries and 
distributions of the polyanions in the films and the interactions between the DODA 
cations and the polyanions are very weak. 
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