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A novel β–diketone–functionalized POSS dendrimer was initially prepared from octamercaptopropyl–

substituted polyhedral oligomeric silsesquioxane (POSS) and diethyl allylmalonate by photochemical 

thiol–ene reaction. The POSS dendrimer was used as a ligand to coordinate with lanthanide ions (Eu3+ 

and Tb3+) to form hybrid luminescent complexes. The resulting hybrid lanthanide complexes were 10 

incorporated into PMMA matrix via in situ polymeration. Morphology study suggested that these hybrid 

complexes assembled into spherical particles with a diameter of approximately 100 nm and could be well 

dispersed in PMMA matrix. The resultant hybrid luminescent PMMA based on POSS exhibited highly 

saturated color and good thermal stability. 

Introduction 15 

Development of luminescent lanthanide ion (Ln3+) complexes 
based on energy transfer mechanisms is extensive and has drawn 
considerable attention because of their academic significance and 
potential applications,1–4 such as in medical diagnostics,5 

biological imaging6 and optical amplifiers.7 To further enhance 20 

amplified luminescence intensity, design and synthesis of some 
novel ligands are necessary to excite Ln3+ ions via energy transfer 
from ligands to Ln3+ ions. 
    Dendrimers are hyperbranched 3D macromolecules with a 
pseudo network structure that potentially trap guest molecules.8,9 25 

In particular, dendrimer–bearing binding sites for metal ions are 
eliciting much attention.10 The dendrimer structure has been 
selected as a basis for the formation of polymetallic lanthanide 
complexes.11,12 The use of dendrimers is an efficient and versatile 
approach to increase the luminescence of the compound. This 30 

approach is performed by incorporating larger numbers of 
chromophoric groups and several lanthanide cations into one 
discrete molecule. The classical approach in lanthanide chemistry 
involves using one Ln3+ to bind several ligands, whereas this 
system uses one branched ligand to bind several lanthanides and 35 

chromophores. This approach is a simple strategy to maximize 
the luminescence of lanthanide complexes.13 The high absorption 
extinction coefficients of these modified dendrimer molecules 
allow them to absorb a large amount of energy that can be used to 
sensitize the coordinated lanthanide ions.14 Lanthanide ions can 40 

be incorporated in each region of the globular dendritic structure, 
which is expected to shield the lanthanide cations from 
deactivation through solvent vibrations.15 The sensitizers of this 
strategy are not required to directly bind to metal ion, allowing 
for a broader choice of lanthanide sensitizers. 45 

    Polyhedral oligomeric silsesquioxane (POSS) are of 
considerable interest owing to its unique cage–like molecular 
structure containing an inorganic silica core surrounded by 
organic groups.16 They provide an excellent platform for the 
synthesis of new inorganic–organic hybrid materials with 50 

enhanced thermal and mechanical properties.17–19 Some interest 
hybrid electronic and photonic materials derived from POSS were 
also prepared.20–23 Recently, mercaptopropyl substituted POSS 
were used as ligands for Au24 or tailoring CdSe quantum dots 
(QDs),25,26 which were used  as novel fluorescent sensors. The 55 

well–defined POSS, almost cubic silica–like core surrounded by 
eight organic groups (R) makes them topologically ideal for the 
preparation of dendritic molecules, where a large number of 
external branching sites on the core lead to a high concentration 
of dendrimer branch ends after relatively few generations.27 The 60 

preparation of some dendritic ligands using POSS as cores and 
their complexes with lanthanide ions are rarely reported. In this 
study, octamercaptopropyl substituted POSS was chosen as a 
starting material to react with diethyl allylmalonate to produce a 
β–diketone functionalized POSS dendrimer, which could 65 

complex with lanthanide ions. 
    β–diketone rare earth complexes have been investigated for a 
long time.28 These highly functional complexes exhibit 
outstanding photophysical, electric, and magnetic properties. In 
particular, the optical property has a wide range of applications, 70 

from phosphors to photo/electro–luminescent devices, optical 
amplifiers and generation and amplification of light in lasers.29–31 
However, these existing β–diketone rare earth complexes are 
restricted from practical applications because of their poor 
thermal stability and low mechanical strength. An appropriate 75 

approach is to introduce a stable rigid ligand into the 
complexes.32,33 β–diketone–functionalized POSS dendrimer is a 
promising ligand to overcome these limitations through 
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incorporation of POSS with good thermal and mechanical 
stability. 
    The incorporation of nanoparticles (NPs) containing lanthanide 
ions into polymer matrices to obtain new transparent hybrid 
nanocomposites is a sector of recent interest.34–36 In fact, hybrid 5 

polymer nanocomposites are appealing because of their improved 
properties and unique combination of characteristics.37,38 In situ 
polymerization of NPs into polymer matrices to obtain bulk 
polymer–NP composites often results in the loss of transparency 
in the final product due to the occurrence of phase separation.34,39 

10 

Gulino et al. once proposed a bottom–up strategy to prepare a 
monolayer of the tris–(dibenzoylmethane) mono(5–amino–1,10–
phenanthroline)–europium(III) complex covalent–assembled on 
top of a film composed of polystyrene chains that, in turn, were 
covalently grown perpendicular to the Si(100) surface by an atom 15 

transfer radical–polymerization reaction. 40, 41 
    This paper reports the preparation of new transparent 
nanocomposites consisting of hybrid   luminescent complexes 
derived from β–diketone–functionalized POSS dendrimer 
embedded in poly(methyl methacrylate) (PMMA) matrixes via in 20 

situ polymerization. PMMA was chosen because of its 
transparency and ductility characteristics. The present approach is 
divided into four steps: (1) the synthesis of POSS dendrimer; (2) 
the synthesis of hybrid complexes with Eu3+ or Tb3+; (3) the 
incorporation of hybrid complexes into methyl methacrylate 25 

(MMA); (4) in situ polymerization. The hybrid complexes based 
on POSS and their nanocomposites with PMMA were 
investigated by Fourier transform infrared spectroscopy (FT–IR), 
X–ray photoelectron spectroscopy (XPS), powder X–ray 
diffraction (PXRD), polarized optical microscopy (POM), small–30 

angle X–ray scattering (SAXS), transmission electron 
microscopy (TEM), dynamic light scattering (DLS), ultraviolet 
(UV) absorption, fluorescence, and thermal gravimetric analysis 
(TGA). 

Experimental Section  35 

Materials 

Starting materials (diethyl malonate and allyl bromide) and 
solvents were purchased from China National Medicines Group 
and used without further purification. 2,2–Dimethoxy–2–
phenylacetophenone (DMPA) was purchased from Aldrich and 40 

used as received. Methyl methacrylate was distilled before use. 
Europium and terbium nitrates were obtained from their 
corresponding oxides in strong nitric acid. Octamercaptopropyl–
substituted silsesquioxanes (POSS_SH) were prepared according 
to the literature.42 Similarly, diethyl allylmalonate was 45 

synthesized according to the literature.43 

Characterization 

The reaction was irradiated by high–intensity UV (365 nm) on a 
Spectroline Model SB–100P/FA lamp. FT–IR spectra were 
measured within a 4000 cm−1 to 400 cm−1 region on a Bruker 50 

TENSOR–27 infrared spectrophotometer (KBr pellet). 1H NMR, 
13C NMR, and 29Si NMR spectra were recorded in CDCl3 on a 
Bruker Avance–400 spectrometer without internal reference. A 
MALDI–FTMS experiment was conducted using a 7.0T SolariX 
FTMS system equipped with a MALDI source (Bruker 55 

Daltonics). The intensity of MALDI–laser irradiation was 15% 

with frequency at 1000Hz in positive–ion reflection mode using 
dithranol as the matrix, and AgNO3 as the ion source. UV 
absorption spectra of these samples (in THF solution) were 
recorded using a Beijing TU–1901 double beam UV–vis 60 

spectrophotometer. TGA was performed on a Mettler Toledo 
TGA/DSC1 with heating rate of 10 °C/min from 25 °C to 800 °C 
under N2 (100 mL/min) at ambient pressure. The luminescence 
(excitation and emission) spectra and the fluorescence quantum 
yields (FQY) were measured on Hitachi F-4500 fluorescence 65 

spectrophotometer equipped with the Quantum Yield measuring 
accessory and Report Generator program. All the information 
provided applies to this system. For solid samples, emission 
quantum yield was calculated from corrected emission spectra 
registered by Hitachi F-4500 fluorescence spectrophotometer 70 

equipped with an intergrating sphere (60 mm), a Al2O3 white tiles, 
a 150 W Xe lamp (λ excitation tunable by a monochromator 
supplied with the instrument) as light source, and a R928 
photomultiplayer.PXRD patterns were recorded on a RiauD/Max 
2200PC diffractometer equipped with Cu Co radiation at 75 

40 kV/20 mA (λ = 1.542 Å). The scanning rate was 10°/min from 
2θ = 6° to 80°. SAXS experiments were performed on Anton Par 
Saxes mc2 with Cu Kα radiation at 40 kV/50 mA (λ = 1.542 Å) at 
room temperature. XPS measurements were carried out using a 
Thermo Scientific Esca Lab 250 Xi XPS spectrometer with a 80 

monochromatic AlKα source (1486.6 eV). The binding energy of 
C1s at 284.6 eV was used as the standard. DLS measurements 
were performed on a multi–angle laser photometer equipped with 
a linearly polarized gallium arsenide (GaAs) laser (k = 658 nm; 
Wyatt Technology Co. DAWN HELEOS). The measurements 85 

were conducted at a scattering angle of 99°. TEM graphs were 
examined under a microscope (JEM–1011 TEM; 100 kV) at 
room temperature. The ultrathin membrane sample for TEM of 
PMS was prepared by an ultramicrotome of model Ultracut-R 
made by Leica, using a diamond. 90 

.  

Synthesis of POSS_dendrimer 

POSS_dendrimer was prepared by photochemical thiol–ene 
reaction.44 POSS_SH (2.0 g; 2.0 mmol), diethyl allylmalonate 
(3.4 g; 16.8 mmol), and DMPA (0.1 g; 2 wt%) were charged to a 95 

transparent bottle with 10 mL of THF. After the chemicals were 
dissolved in THF, the mixtures were irradiated by UV lamp for 
30 min.45 Then, the THF was removed by vacuum rotary 
evaporation. The resulting oil was washed thrice by petroleum 
ether and dried overnight to obtain a yellow viscous oil in high 100 

yield (98.7%). 1H NMR (CDCl3, 400 MHz): δ 0.76–0.78 (t, 16H, 
–SiCH2), 1.24–1.31 (t, 48H, –COOCH2CH3), 1.59–1.65 (m, 32H, 
–SCH2CH2CH2CH), 1.98–2.07 (m, 16H, –Si–CH2CH2), 2.52–
2.57 (m, 32H, –CH2SCH2–), 3.33–3.38 (t, 8H, –CHCOO–), 4.16–
4.25 (m, 32H, –COOCH2CH3); 

13C NMR (CDCl3, 100 MHz): δ 105 

14.04, 14.61, 22.92, 27.16,  27.79, 31.28, 38.11, 51.52, 61.26, 
169.14; 29Si NMR (CDCl3, 80 MHz): δ −67.26. Anal. calcd for 
C104H184O44S8Si8: C 47.68, H 7.08, S 9.79; found: C 47.89, H 
7.07, S 9.55. MALDI–FTMS Calcd for C104H184O44S8Si8 + 
dithranol + H+: m/z 2846.98 [M + dithranol + H]+. Found: m/z 110 

2847.77. 

Preparation of hybrid luminescent complexes based on 
POSS_dendrimer 
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A series of complexes were prepared following the same 
procedure (Table 1). POSS_dendrimer (0.2 g; 0.08 mmol) and 
europium nitrate (0.04 g 0.08 mmol) were charged to a bottle 
with 3 mL of THF. The mixtures were sufficiently stirred for 24 h 
at room temperature, then THF was removed by rotatory 5 

evaporation. The resulting mixtures were dissolved in 10 mL 
HCCl3 and washed by 10 mL distilled water for three times. 
Subsequently, the organic layer was separated and the chloroform 
were removed under vacuum. Finally, a yellow transparent solid 
was obtained (denoted as POSS_Eu_1). 10 

Table 1  Various ratios of POSS_Ln (Ln = Eu, Tb) complexes 

Sample name Molar ratios POSS/g Ln(NO3)3·6H2O/g 

POSS_Ln_1 1:1 0.20 0.04 

POSS_Ln_2 1:2 0.20 0.07 

POSS_Ln_3 1:3 0.20 0.10 

POSS_Ln_4 1:4 0.20 0.14 

Preparation of hybrid PMMA nanocomposites from hybrid 
complexes (denoted as PMS_Ln) 

POSS_Ln_3 was embeded into PMMA matrix to prepare hybrid 
nanocomposites with different doping concentrations (5, 10 wt 15 

%)  via in situ polymerization. For example, 0.05 g POSS_Eu_3 
was dissolved in 0.5 mL THF, and then MMA ( 1.0 g)  and 0.02 g 
BPO were added to the solution.  The mixture was sonicated for 
10 min to disperse  hybrid complex. After that, THF was  
removed under vacuum at room temperature. The mixture was 20 

heated at 60 °C for 2 h, 70 °C for 1 h, and 95 °C for 36 h to to 
ensure the polymerization was complete. The obtained hybrid 
nanocomposite was a transparent solid. Pure PMMA and hybrid 
PMMA materials with 10 wt% POSS complexes were also 
prepared, respectively, following the same process. These hybrid 25 

PMMA solids also exhibited nice photoluminescence when 
excited at 365 nm by a UV light. 

 
Scheme 1  Preparation of POSS_dendrimer. 

 30 

Results and Discussion 

Preparation of POSS_dendrimer 

Thiol–ene reaction has been used to prepare some novel 
molecules and materials based on POSS. In most cases, the 
starting materials start from vinyl–substituted POSS, which has 35 

some limitations, especially when commercial thiol monomers 
are unavailable. This study selected octamercaptopropyl–
substituted POSS (POSS_SH) as the starting material to react 
with diethyl allylmalonate to prepare diketone–functionalized 
POSS dendrimer (denoted as POSS_dendrimer) (Scheme 1). 40 

    The FT–IR spectra show that –SH (2552 cm−1) disappeared in 
the spectrum of POSS_dendrimer after the reaction (Fig. S2). 
Subsequently, the characteristic absorption band of the carbonyl 
groups in the ketone appeared at 1730 cm−1, and a strong band 

was associated with the asymmetric stretching of a siloxane 45 

framework near 1116 cm−1. In the 1H NMR spectrum of 
POSS_dendrimer, the signal of –SH (1.37 ppm) disappeared. 
These results strongly suggest that the reaction was complete. In 
addition, only one peak (−66.7 ppm) was observed in the 29Si 
NMR spectrum of POSS_dendrimer, indicating that the POSS 50 

cage was kept intact during the reaction (Fig. S5). In addition, 
elemental analysis result suggested that the desired compound 
was formed. More importantly, the molecular ion peak of POSS–
dendrimer  (2847.77) unambiguously appeared in MALDI–
FTMS spectrum (Fig. S7), corresponding to [M + dithranol + 55 

H]+, which further indicated that this POSS_dendrimer was 
successfully synthesized via thiol–ene reaction. 

Preparation of hybrid complexes based on POSS_dendrimer 

A series of complexes (POSS_Ln) with different molar ratios of 
POSS and lanthanide ions (Eu3+ and Tb3+) was prepared in THF 60 
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using POSS_dendrimer as a ligand. After THF removal, 
transparent solid films were obtained (Fig. S1a). 

To demonstrate that the POSS_dendrimer had coordinated with 
the lanthanide ions, FT–IR was performed. Fig. 1a shows the FT–
IR spectra of POSS complexes with Eu3+ and Tb3+, respectively. 5 

A new band at approximately 1628 cm−1 appeared in the 
complexes, indicating the generation of C=C bond after 
coordination. The band at 1297 cm−1 became intense relative to 
the POSS_dendrimer, suggesting the increase of single C–O 
bond. Both bands suggested that the rare earth ions had 10 

successfully coordinated with the POSS_dendrimer. The increase 
in Eu3+ (Tb3+) ion ratios resulted in the increase of intensity of the 
two bands. The generation of C=C bond and the enhancement of 
CO–O bond are attributed to the formation of keto–enol structure 
(Fig. 1b).46–49 Given the coordination with rare earth ions, the 15 

keto–enol structure resulted in the formation of C=C bond, 
enhancement of CO–O bond, and weakness of C=O bond. 

 
Fig. 1 (a) FT–IR spectra of POSS_Ln (Eu3+ and Tb3+). (b) Schematic 
description of the keto–enol structure of the Ln–containing molecule. 20 

XPS is an efficient technique to investigate the coordination 
process via the change of binding energy from inner acceptor to 
ambient ligands. To further confirm that coordination occurred 
between the POSS_dendrimer and the ions, the complexes were 
also subjected to XPS measurements. Considering the 25 

coordination similarity of these complexes, the XPS of 
POSS_Tb_3 was selected as an example in this study. The 
binding energy of Tb4d shifted from 151.7 eV in terbium nitrate to 
higher binding energy at 153.3 eV in POSS_Tb_3 further 
confirmed the coordination of Ln3+ with POSS_Dendrimers 30 

occured (Fig. S8, Table S1). 

Morphology of hybrid complexes 

In many cases, the coordination bond between the central metal 
and the peripheral ligand is a driving force for their self–assembly 
behaviors in solid phases.50 In this study, the coordination bond 35 

between the center rare earth ions (Eu3+ and Tb3+) and the 
diketone groups is the driving force of the self–assembly of these 

hybrid luminescent materials. The morphology structure of these 
complexes based on POSS was investigated using PXRD, POM, 
SAXS, TEM, and DLS. 40 

    PXRD results showed that all the complexes were amorphous 
from 6° to 80° and exhibited no long–range order (Fig. S9) . All 
the samples exhibited broad diffraction peaks at 22.8°, which was 
typically observed in amorphous silica nanocomposites and 
associated with Si–O–Si linkage. To further investigate the 45 

crystallinity of these complexes, POM was also performed. POM 
images showed that some crystals existed in the matrix (Fig. 
S10). This finding suggested that certain crystalline regions 
existed in the complexes but were not reflected in the PXRD 
patterns because the crystalline peaks were concealed by POSS. 50 

    SAXS was used to investigate the self–assembly behaviors of 
the hybrid materials. The SAXS patterns showed that broad 
maxima existed in POSS_dendrimer and POSS_Ln with ratios of 
1:2 and 1:3 and the peak position (q) was also observed to have 
shifted from 3.2 nm−1 to 2.6 nm−1, which further confirmed that 55 

coordination occurred between POSS_dendrimer and rare earth 
ions (Fig. S11).   

To further investigate the self–assembly behaviors of the 
hybrid complexes, TEM and DLS measurements were carried 
out. As shown in Fig 2, POSS_Eu_3 aggregated into small 60 

spherical particles with diameter range from 30 to 150 nm in 
TEM image;    the average hydrodynamic diameter of this hybrid 
complex by DLS was about 100 nm and the size distribution was 
in accordance with the TEM result. 

 65 

Fig. 2  TEM image and DLS figure of POSS_Eu_3. 

Optical properties of these hybrid complexes 

UV absorption of these complexes was carried out at room 
temperature. The UV spectra of POSS_Eu and POSS_Tb was 
displayed in Fig. S12. The absorption intensity was <1.5. Two 70 

absorption bands can be observed in Fig. S12. A strong 
absorption appearing at 249 nm corresponded to the π→π* 
electronic transition of diethyl malonate groups. The second band 
observed around 275 nm was attributed to n→π* electronic 
transition of keto carbonyl.51–53 After coordination with rare earth 75 

ions, a portion of β–diketone structure in the POSS_Ln was 
converted into keto–enol structure (Fig. 1b). Thus, the absorption 
of keto carbonyl weakened. Meanwhile, the approximately 
275 nm absorption band of the keto–enol structure group 
gradually increased with increasing ratios of rare earth ions. The 80 

UV spectra further demonstrated that rare earth ions were 
successfully coordinated with POSS_dendrimer. 

The luminescent behaviors of POSS_Eu and POSS_Tb in solid 
state were studied at room temperature. The emission spectra of 
POSS_Eu and POSS_Tb show narrow–width characteristic 85 

emissions of Eu3+ and Tb3+, respectively (Fig. 3). POSS_Eu 
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shows the narrow–width red emission bands located at 582, 595, 
619 and 653 nm. These bands corresponded to the transitions 
between the different levels of Eu3+ and were attributed to 
5D0→

7F0, 
5D0→

7F1, 
5D0→

7F2 and 5D0→
7F3 transitions of Eu3+ 

ions.54–56 Bands in the 400 nm to 650 nm range can be clearly 5 

observed in the luminescence spectra of POSS_Tb, which are 
assigned to 5D4→

7F6, 
5D4→

7F5, 
5D4→

7F4 and 
5D4→

7F3 transitions 
of Tb3+ in POSS_Tb at 491, 546, 586 and 625 nm, respectively.57–

59 Consequently, strong and characteristic luminescence were 
observed in the emission spectra. This finding indicates that 10 

effective intramolecular energy transfer occurred between the 
POSS_dendrimer and the cheated rare earth ions. The 5D0→

7F2 
transition showed the strongest emission, suggesting that the 
chemical environment around Eu3+ ions was in low symmetry.60 
In addition, the asymmetric coordinative environment may have 15 

increased the probability for the electro–dipole transitions of Eu3+ 
ions. In the complexes with POSS system, the symmetry of Eu3+ 
ion coordination was rendered disorderly by the existence of 
NO3

− and H2O. The low symmetry around Eu3+ ion may increase 
the energy transfer probability and result in the enhancement of 20 

the fluorescence intensity of POSS_Eu complexes.61 

 
Fig. 3  Emission spectra of POSS_Ln (Eu3+ and Tb3+) in solid state. 

The fluorescence quantum yields (FQY) of the complexes were 
measured in THF solution and determined by the relative 25 

comparison procedure, using Quinine Sulfate in 0.05 M H2SO4 as 
the main standard. The corrected emission spectra were measured 
for the quinine sulfate standard (λex=315 nm, Ar=0.05, quantum 
yield=0.508).62 The general equation used in the determination of 
relative quantum yields is given in equation (1).63 

30 

Qx=Qr(Ar/Ax)(Ir/Ix)(n
2

x/n
2

r)(Dx/Dr)    (1) 
Where Q is the quantum yield of the solution, A (λ) is the 
absorbance of the solution at the exciting wavelength λ, I (λ) is 
the relative intensity of the exciting light at wavelength λ, n is the 
average refractive index of the solution to the luminescence and 35 

D is the integrated area under the corrected emission spectrum. 
Subscript x and r refer to the unknown and reference solution, 
respectively. 
    The FQY of the POSS_Eu and POSS_Tb calculated in THF 
solution are listed in Table 2. Due to the different exciting energy 40 

of the POSS_Eu and POSS_Tb, there existed discrepancy in their 
QY. Meanwhile, their exciting energy was close, and the 
difference between them was slight. 

Table 2  The FQY of POSS_Ln in THF solution. 

Molar ratios 1:1 1:2 1:3 1:4 

POSS_Eu 0.012 0.013 0.015 0.017 

POSS_Tb 0.010 0.011 0.012 0.013 

Hybrid luminescent PMMA nanocomposites from hybrid 45 

complexes (PMS_Ln) 

The miscibility between hybrid complexes and MMA monomers 
was very good. After polymerization, the resulted hybrid PMMA 
nanocomposites were also transparent (Fig. 4). These hybrid 
PMMA nanocomposites with POSS exhibited excellent 50 

photoluminescence and monochromaticity when excited at 
365 nm by a UV light (Fig. S1c). First, these hybrid PMMA 
materials were characterized by FTIR spectra (Fig. S14). FTIR 
results showed that there existed a strong abosorption band at 
1730 cm–1, corresponding to carbonyl stretching vibration, and 55 

aliphatic CH2 bands at 3000–2845cm–1 in all spectra; the broad 
band from 1108 to 1148 cm–1, corresponding to characteristic Si–
O–Si vibrating modes, was found in the spectra of the hybrid 
nanocomposites and their intensities increase with increasing 
POSS content, indicating that POSS are indeed incorporated to 60 

PMMA matrix. 

 
Fig. 4  Photographs of hybrid PMMA nanocomposites. 

Wide angle X–ray diffraction was used to investigate the 
morphology and miscibility of hybrid nanocomposites (Fig. 5a). 65 

It was observed that pure PMMA and POSS_Ln_3 had a broad 
peak at 2θ ≈ 14o, 22o, respectively, indicating that they were 
amorphous. When POSS_Ln_3 was incorporated into PMMA 
matrix, a broader amorphous peak at 2θ ≈ 14o compared to pure 
PMMA appeared in the hybrid PMMA nanocomposites. It was a 70 

consequence of the overlapping two signals of POSS and pure 
PMMA for the low content of POSS_Ln. This meant that 
macrophase separation did not occur in this hybrid 
nanocomposites.64,65 SAXS was also used to investigate the 
morphology structure of these hybrid PMMA nanocomposites. 75 

(Fig. 5b) It was found that the maxima of hybrid complexes 
disappeared after they were incorporated into PMMA matrix. 
This also suggested that hybrid complexes were well dispersed 
into PMMA matrix and large aggregation did not occur at least. 
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Fig. 5  (a) PXRD and (b) SAXS patterns of PMS_Ln (Eu3+ and Tb3+). 

To further confirm that the dispersion of POSS_Ln in PMMA 
matrix, TEM measurement was also conducted. PMS_Eu (5%) 
was selected as a representative sample considering their 5 

structural similarity. As shown in Fig. 6, it could be clearly seen 
that inorganic particles were well-dispersed in PMMA with sizes 
about 100 nm. The result demonstrated that POSS_Ln could be 
well distributed in PMMA without large-scale aggregation.  

 10 

Fig. 6  TEM image of PMS_Eu (5%). 

   The PL spectra of hybrid nanocomposites with PMMA were 
also measured. The emission spectra of the nanocomposites has a 
profile similar to that of the hybrid complexes, indicative of the 
same kind of emission center except for a decrease in intensity 15 

due to their concentration in the PMMA matrix (Fig. S15). The 
FQY of PMS_Ln in solid state was also tested. The FQY of the 
PMS_Eu (5%) and PMS_Eu (10%) was 0.13%, 0.26% 
respectively; for  PMS_Tb (5%) and PMS_Tb (10%), it was 0.16% 
and 0.31%, respectively. It was interesting that the fluorescence 20 

quantum yields (FQY) increased linearly with POSS_Ln loading, 
indicating that there existed energy transference from PMMA 
matrix to POSS_Ln. The coordination state of Ln3+ was actually 
unsaturated in POSS_Ln_3, and when POSS_Ln_3 was 
embedded into PMMA matrix, the carbonyl groups in PMMA 25 

could further coordinate with the unsaturated Ln3+. When excited 
by the same light source, PMMA matrix with more POSS_Ln 
loading would exhibit higher FQY. Considering the low content 
of POSS_Ln (less than 10 %) in PMMA, almost all Ln3+ were 
coordinated with POSS ligands and/or PMMA. Therefore, the 30 

FQY was proportional to the content of POSS_Ln. 

    TGA was used to evaluate the thermal stability of hybrid 
PMMA nanocomposites (Fig. 7). Initial thermal decomposition 
temperature (Td) is defined as the temperature at which the mass 
loss of 5 wt% occurs. First, the thermal stability of POSS_Ln was 35 

examined by TGA (Fig. S13). They exhibited similar thermal 
degradation behavior, i.e., two main degradation steps could be 
clearly observed in the TGA curves. The first weight loss before 
280 °C could be attributed to the loss of physically absorbed and 
chemically conjugated water. Td gradually decreased with the 40 

increase in molar ratio of Ln3+. The second weight loss step could 
be ascribed to the decomposition of the organic groups, the 
coordinated Eu(NO3)3, and the degradation of the main 
framework of POSS cages. The weight loss rate decreased with 
increasing Ln ions; in addition, the residual mass increased with 45 

the increase of lanthanide. The thermal stabilities of PMS_Ln 
were also evaluated by TGA. Their thermal stabilities were 
indeed improved with incorporating POSS. The improvement in 
thermal stability was attributed to the nanoscale distribution of 
POSS_Ln in PMMA matrix, which inhibited the thermal 50 

decomposition of PMMA.66 Moreover, the hybrid materials with 
high POSS_Ln displayed obviously increased char yield. 

 
Fig. 7  Thermal gravimetric analysis of PMS_Ln (Eu3+ and Tb3+) 

nanocomposites. 55 

Conclusions 

A new β–diketone–substituted dendrimer was successfully 
synthesized using POSS as cores via photochemical thiol–ene 
reaction. This POSS dendrimer was used as a ligand to coordinate 
with europium (III) ion and terbium (III) ion to obtain novel 60 

hybrid photoluminescent complexes. The hybrid complexes were 
embedded into PMMA matrix to form hybrid luminescent 
nanocomposites. The resultant PMMA nanocomposites based on 
POSS exhibited highly saturated color and good thermal stability.  

The complexes and their nanocomposites with PMMA emitted 65 

narrow–width red or green luminescence by UV excitation. This 
finding suggests that the intramolecular energy transfer process 
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between the diketone group and the lanthanide ions occurred 
within these POSS–based hybrids. This study extends POSS 
applications in the luminescence field and represents an ideal 
approach for the improvement of thermal stability and 
mechanical processability of photoluminescent materials. These 5 

hybrid nanocomposites could be potentially used as 3D display 
materials and up–converters for photovoltaic applications, and 
this method may be extended to prepare other functional hybrid 
nanocomposites. Given the convenience of the route to 
multifunctional dendrimers using POSS, numerous dendrimer 10 

ligands based on POSS and their hybrid complexes or 
nanocomposites based on POSS are expected to be prepared in 
the future. 
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