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a b s t r a c t

Two series of acylamido side functionalized polysiloxanes were designed and synthesized from the mod-
ifications of amino silane with different acylating agents. They were complexed with lanthanide ions
(Tb3+, Eu3+, Dy3+ and Sm3+) to obtain functionalized polysiloxane–lanthanide ions composite materi-
als and exhibit the molecular assembly behaviors. The structures of products were characterized by
Fourier transform infrared (FT-IR), 1H-NMR spectra and diffuse reflectance ultraviolet–visible spectra
(DRUVS). Thermal stability was investigated by thermogravimetric analysis (TGA). Narrow-width red
and green emissions of the functionalized polysiloxane–lanthanide ions complexes were recorded under
the exposure to ultraviolet light. The results show that four kinds of lanthanide ions were all cooper-
uminescence
olecular design

hotophysical property

ated successfully with the functionalized polysiloxanes and an intra-molecular energy transfer process
took place in these systems. Further investigations into the luminescence properties of the functionalized
polysiloxane–lanthanide ions composite materials show that the triplet state energy of the benzoylamido
side functionalized polysiloxane is more suitable for the emissive energy level of lanthanide ions than
that of acetamido side functionalized polysiloxane. According to the rules between photophysical prop-
erties and diverse chromophoric conjugate groups, we could design and control the properties of the

ion a
polysiloxane–lanthanide

. Introduction

Functionalized polysiloxanes, including hydroxyl, carboxyl
nd amino modification, have been widely applied as coatings,
dhesives, impact resistance plastics in daily life [1–5] due to their
ntriguing physical and chemical properties, such as excellent
hermal stability, weatherability, anti-ageing, electrical insulation,
ater-repellent and flame retardant properties [6,7]. Among all

unctionalized polysiloxanes, amino modified polysiloxanes were
ound wide commercial applications. It is well known that as a
ew generation of softener, amino modified polysiloxanes will
upply cotton, silk, wool, nylon fabric with soft, smooth and elastic
ffects [8].

Recently, potential lanthanide complexes have attracted great
nterests in view of their long-lived excited state characteristics and
fficient strong narrow-width emission bands in the visible region

9–12]. However, defects with poor thermal stability and mechan-
cal properties restrict, to some extent, applications of lanthanide
ompounds as luminophors [13–15]. A normal way to solve this
roblem is the entrapping of lanthanide complexes into different

∗ Corresponding author. Tel.: +86 531 88364866; fax: +86 531 88564464.
E-mail address: fsy@sdu.edu.cn (S. Feng).

010-6030/$ – see front matter © 2010 Elsevier B.V. All rights reserved.
oi:10.1016/j.jphotochem.2010.07.019
ssembly complexes.
© 2010 Elsevier B.V. All rights reserved.

inorganic and composite hosts [12,16–23]. This method actually
improved the thermal stability of the lanthanide compounds; nev-
ertheless the resulting products are generally stiff and hard to be
processed. So polysiloxanes with excellent thermal stabilities and
easy-machinable abilities are prior to be selected as hosts [24,25].
In our previous work, ester side polysiloxanes were coordinated
with lanthanide ions and the obtained lanthanide ions composite
materials exhibited narrow-width luminescence [26].

In this paper, we put forward the design and assembly of
acylamido side functionalized polysiloxanes. Amino side func-
tionalized polysiloxanes have outstanding chemical and physical
performance but they could not show luminescence because they
have no chromophoric groups. After amino group was modified
by acylchloride to turn to acylamido group, carbonyl group could
be introduced in, and coordinate with lanthanide ions and pro-
vide the bridge for intra-molecular energy transfer process which
is usually called antenna effect [22]. What’s more, from the view
of molecular design, we select two kinds of acylchloride to pre-
pare acylamido-functionalized polysiloxanes. After the assembly of

the polysiloxanes with lanthanide ions, the relationship between
the luminescent properties and the chromophoric groups could be
found.

Acylamido side functionalized polysiloxane was first synthe-
sized from N-�-aminoethyl-�-aminopropylmethyl- dimethoxysi-

dx.doi.org/10.1016/j.jphotochem.2010.07.019
http://www.sciencedirect.com/science/journal/10106030
http://www.elsevier.com/locate/jphotochem
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ane [H2N(CH2)2HN(CH2)3SiCH3(OCH3)2, AEP for short] as a
tarting material in this paper. It was modified via acylamidation
ith benzoyl chloride (PhCOCl) or acetyl chloride (CH3COCl) to

et two new silane intermediates. Innovation of selecting different
hlorides modification builds upon the introduction of disparate
onjugated systems. Then the intermediates were copolymer-
zed with octamethylcycoltetrasiloxane and hexamethyldisiloxane
o give two different acylamido side functionalized polysilox-
nes, namely benzoylamido side functionalized polysiloxane and
cetamido side functionalized polysiloxane. These functionalized
olysiloxanes are chelated to lanthanide ions (Tb3+, Eu3+, Dy3+ and
m3+, separately) at room temperature to obtain the anticipant
uminescent polysiloxane–lanthanide ion composite materials. The
hotophysical performances of the materials were discussed and
he intra-molecular energy transfer processes were compared in
etail.

. Experimental

.1. Chemicals and procedures

All the starting materials and solvents were purchased from
hina National Medicines Group and were distilled before utiliza-
ion according to procedures in previous articles [26–28]. Rare earth
itrates (Ln(NO3)3·6H2O, Ln = Tb, Eu, Dy or Sm) were obtained from
he corresponding oxides in dilute nitric acid [26,28].

The general procedures for the preparation of acylamido
ide functionalized polysiloxanes and luminescent materials are
xpounded in the Scheme 1. The acylation reaction was described as
ollows: N-�-aminoethyl-�-aminopropylmethyldimethoxysilane
2.47 g, 12 mmol) was first dissolved in 20 mL pyridine by stirring
nd then benzoyl chloride (1.68 g, 12 mmol) (or 0.942 g, 12 mmol
cetyl chloride) was added to the solution dropwise at room
emperature. The mixture was refluxing at 70 ◦C for 4 h. After
he filtration, the resulting solution was condensed to evaporate
he solvent and then the residue was dried on a vacuum line
10 mm Hg). Yellow liquid was obtained with yield of about 91%.

Benzoylamido side functionalized silane (BA-AEP for short):
15H26N2O3Si: 1H-NMR (CDCl3): �7.49 (d, 2H, –phenyl-H–), 7.41
d, 1H, –phenyl-H–), 7.38 (d, 2H, –phenyl-H–), 7.86 (s, 1H, –phenyl-
ONH–), 3.76 (s, 6H, –OCH3), 3.28 (t, 2H, –CH2–), 3.17 (t, 2H, –CH2–),
.94 (t, 2H, –CH2–), 1.95 (s, IH, –N–H–), 1.63 (m, 2H, –CH2–), 0.64
t, 2H, –CH2–), 0.15 (t, 3H, –Si–CH3).
Acetamido side functionalized silane (AA-AEP for short):
15H26N2O3Si: 1H-NMR (CDCl3): �6.75 (s, 1H, –CH3–CONH–), 3.51
s, 6H, –OCH3), 3.02 (t, 2H, –CH2–), 2.90 (t, 2H, –CH2–), 2.77 (t, 2H,
CH2–), 2.09 (s, 3H, –CH3), 1.86 (s, 1H, –N–H–), 1.61 (m, 2H, –CH2–),
.63 (t, 2H, –CH2–), 0.15 (t, 3H, –Si–CH3).

cheme 1. The procedures for the preparation of acylamido side functionalized poly
ctamethylcycoltetrasiloxane.
obiology A: Chemistry 215 (2010) 46–51 47

The preparation of functionalized polysiloxane was as fol-
lows: benzoylamido side functionalized silane (1.59 g, 5 mmol)
(or acetamido side functionalized silane (1.28 g, 5 mmol)),
octamethylcycoltetrasiloxane (7.61 g, 25 mmol), hexamethyldis-
iloxane (0.32 g, 2 mmol) and a stoichiometric proportion tetram-
ethylammonium silanolate (used as catalyzer) were added to
a flask under N2. The mixture was heated to 85–95 ◦C for 8 h
under uniform mechanical stirring. After the catalyzer is decom-
posed at 130–140 ◦C and the low-boilings are removed in vacuum
(10 mm Hg), yellow viscous liquid was obtained.

Benzoylamido side functionalized polysiloxane (BA-PS for
short) (yield 83%): 1H-NMR (CDCl3): �7.48 (d, 2H, –phenyl-H–),
7.39 (d, 1H, –phenyl-H–), 7.32 (d, 2H, –phenyl-H–), 8.04 (s, 1H, -
phenyl–CONH–), 3.27 (t, 2H, –CH2–), 3.01 (t, 2H, –CH2–), 2.00 (s,
IH, –N–H–), 1.61 (s, 2H, –CH2–), 0.62 (m, 2H, –CH2–), 0.34 (t, 2H,
–CH2–), 0.05(s, 108H, –Si–CH3).

Acetamido side functionalized polysiloxane (AA-PS for short)
(yield 85%): 1H-NMR (CDCl3): �6.75 (s, 1H, –CH3–CONH–), 3.01 (t,
2H, –CH2–), 2.91 (t, 2H, –CH2–), 2.78 (t, 2H, –CH2–), 2.44 (s, 3H,
–CH3), 2.01 (s, 1H, –N–H–), 1.62 (m, 2H, –CH2–), 0.52 (t, 2H, –CH2–),
0.05(s, 114H, –Si–CH3).

The luminescent polysiloxane–lanthanide ion composite mate-
rial was achieved as follows: 0.945 g benzoylamido side func-
tionalized polysiloxane (or 0.938 g acetamido side function-
alized polysiloxane) was dissolved in 6 mL CH3Cl with stir-
ring, and 6 mmol Ln(NO3)3·6H2O (0.2736 g Tb(NO3)3·6H2O,
0.2676 g Eu(NO3)3·6H2O, 0.2739 g Dy(NO3)3·6H2O or 0.2666 g
Sm(NO3)3·6H2O) was added to the solution at room tempera-
ture. The mixture was agitated magnetically for 4 h to achieve
a single phase. Then 20 mL methanol was poured into the
mixture. The viscous liquids were collected by filtration and
washed with methanol, water and acetone. After dried under
vacuum at room temperature [26], a yellow viscous liquid
product (yield among 92–94%) was obtained. The luminescent
polysiloxane–lanthanide ion composite materials were named
BA-PS-Ln (Ln = Tb, Eu, Dy or Sm) and AA-PS-Ln (Ln = Tb, Eu, Dy
or Sm).

2.2. Measurements

Bruker TENSOR27 infrared spectrophotometer was utilized to
record the Fourier transform infrared (FT-IR) spectra with the
KBr pellet technique within the 4000–400 cm−1 region. BRUKER
AVANCE-400 spectrometer was used to determine the Proton

Nuclear Magnetic Resonance (1H-NMR) spectra in CDCl3 without
internal reference. Diffuse reflectance ultraviolet–visible spectra
(DRUVS) of samples were performed with a Shimadzu UV-2500.
Thermal gravimetric analysis (TGA) was performed with a simulta-
neous TGA Q600 under N2. Luminescence (excitation and emission)

siloxane. (i) RCOCl (R = –CH3, –C6H5), pyridine, 70 ◦C. (ii) Hexamethyldisiloxane,
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clearly divided into two stages. The weight loss between 200 and
370 ◦C may be ascribed to the degradation of substitutional acy-
lamido groups in side chains [34]. The second thermal region,
ranging from 400 to 700 ◦C, is attributed to the degradation of the
ig. 1. Infrared spectra of AEP (a), BC-AEP (b), BA-PS (c) and BA-PS-Dy (d).

pectra were measured with a Perkin-Elmer LS-55 spectropho-
ometer and the excitation and emission slits were 2.5 and 5 nm.

. Results

The FT-IR spectra for aminoethyl-�-aminopropylmethyldime-
hoxysilane (AEP) (a), benzoylamido side functionalized silane (BC-
EP) (b), benzoylamido side functionalized polysiloxane (BA-PS)

c) and dysprosium-containing benzoylamido side functionalized
olysiloxane (BA-PS-Dy) (d) are shown in Fig. 1. The stretching
ibration peaks of N–H locate at 3372 and 3302 cm−1, and a bend-
ng vibration peak of N–H appears at 1593 cm−1 [29] in curve (a).
n curve (b), the double-hump absorption of N–H bond in –NH2
roup change to single peak (3269 cm−1 for N–H stretching vibra-
ion) and N–H bending vibration shifts to 1577 cm−1. And the C O
tretching vibration (1655 cm−1 in curve (b)) was observed in BC-
EP. The absorption peaks of C–H stretching vibration in phenyl
roup are observed at 3057 cm−1 in curve (b). It indicates that
he formation of benzoylamido group and grafting modification
ia acylamidation reaction are successful. Meanwhile, the similar
ibration peaks were observed in BA-PS in curve (c), which shows
hat N–H vibration mode (3300 cm−1) and C–H stretching vibra-
ion of phenyl group (3058 cm−1). And the � (Si–C) vibration mode
ppears at 1257 cm−1 in above three curves. Different from BC-
EP (b) and BA-PS (c), the � (C O) vibration mode was observed at

−1
629 cm in BA-PS-Dy (d). The coordination of the oxygen atoms
n C O group with the metallic ion is confirmed by the shift of �
C O) (from 1649 to 1629 cm−1, � = 20 cm−1) [30–32]. The broad
bsorption bands at 1120–1000 cm−1 (� Si–O–Si) originate from the
ormation of siloxane. The same results are observed in the system
Fig. 2. Diffuse reflectance ultraviolet–visible spectra of BA-PS (a) and BA-PS-Tb (b).

of acetamido side functionalized polysiloxane systems.
Fig. 2 displays the diffuse reflectance ultraviolet–visible spec-

tra (DRUVS) of benzoylamido side functionalized polysiloxane
(BA-PS) (a) and terbium-containing benzoylamido side function-
alized polysiloxane (BA-PS-Tb) (b). The absorption peak around
240–290 nm corresponds to the � → �* electronic transition of aro-
matic group [29,33] in curve (a). There is no significant difference
between the spectra of the BA-PS (a) and BA-PS-Tb (b), indicating
that the addition of lanthanide ions did not affect conjugate system
of benzoylamido in BA-PS. And this phenomenon was also found in
acetamido side functionalized polysiloxane system between AA-PS
(c) and AA-PS-Tb (d).

Thermal characterizations of polysiloxane–rare earth ion com-
posite materials are examined by thermogravimetric analysis
(TGA). Fig. 3 gives the TGA traces of BA-PS (a), AA-PS (b), BA-PS-
Sm (c) and AA-PS-Sm (d). It is easy to see that all of the samples
present the similar change trends in their weight loss. From curves
(a) and (b), the thermal degradation of BA-PS and AA-PS are all
Fig. 3. Thermal gravimetric analysis of BA-PS (a), BA-PS-Eu (b), AA-PS (c) and AA-
PS-Eu (d).
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Fig. 5. Emission spectra of BA-PS-Tb (a) and AA-PS-Tb (b) (�em = 300 nm).

Fig. 6. Emission spectra of BA-PS-Eu (a) and AA-PS-Eu (b) (�em = 270 nm).
ig. 4. The excitation spectra of BA-PS (a), BA-PS-Tb (b), AA-PS (c) and AA-PS-Tb (d)
�em = 545 nm).

ain framework (Si–O and Si–C bonds) in polysiloxanes [26,35,36].
hen added the lanthanide ion (Sm3+), the slight differences of

hermal stability appear in curves (c) and (d). The clear mass loss
rocesses of BA-PS-Sm and AA-PS-Sm start at temperature of about
50 ◦C. Compared with acylamido side functionalized polysilox-
nes (BA-PS and AA-PS), the composite materials BA-PS-Sm and
A-PS-Sm present the relatively higher degradation temperature
nd excellent thermal stability [26].

. Discussion

Carbonyl groups have been already proved to be excellent
helating ligands to sensitize luminescence of lanthanide ions. The
echanism to sensitize emission in lanthanide complexes is usu-

lly described as follows [37]: After the acylamido side ligands
bsorb energy from ultraviolet light, the energy is transferred to
anthanide ions and the emission will be observed.

The excitation spectra for four functional polysiloxane com-
ounds, namely BA-PS (a), BA-PS-Tb (b), AA-PS (c) and AA-PS-Tb
d), via monitoring the emission of Tb3+ ions at 545 nm under room
emperature are displayed in Fig. 4. The spectrum of BA-PS-Tb
b) exhibits a sharp excitation band centered at around 280 nm,
hile the others show poor excitation characters. The band around

80 nm monitored in the DRUVS spectra (Fig. 2) corresponds to the
inglet-to-singlet transitions of the benzoylamido group in mate-
ials [37]. The corresponding overlap between these two spectra
xhibits the effective sensitization of lanthanide ions by the ben-
oylamido group. This arises from the efficient transition based
n the conjugated double bonds of the benzoylamido group. As
result, strong luminescence could be observed in their emission

pectra owing to the effective energy transfer took place between
enzoylamido group and lanthanide ions. However, the poor exci-
ation character in the spectrum of AA-PS-Tb (d) suggests that there
ould be lower efficient transition and poor luminescence for this

omposite material.
The luminescence behaviors of lanthanide-containing

olysiloxane composite materials have been studied at 298 K by
irect excitation of the ligands (acylamido). Figs. 5–8 give four dif-
erent representative emission spectra of polysiloxane–lanthanide

on materials. There are narrow-width red emissions of BA(AA)-
S-Eu and BA(AA)-PS-Sm. Narrow-width green emissions are
bserved in BA(AA)-PS-Tb and BA(AA)-PS-Dy.

Curves (a) and (b) in Fig. 5 illustrate typical photoluminescence
pectra of BA-PS-Tb and AA-PS-Tb (�ex = 300 nm), respectively. Fig. 7. Emission spectra of BA-PS-Dy (a) and AA-PS-Dy (b) (�em = 300 nm).
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[

[13] P.A. Tanner, B. Yan, H.J. Zhang, Preparation and luminescence properties of
Fig. 8. Emission spectra of BA-PS-Sm (a) and AA-PS-Sm (b) (�em = 270 nm).

arrow-width green emission bands with maximum wavelengths
t 487 and 543 nm are recorded. These bands correspond to the
ransitions between the different levels of Tb3+ and are attributed
o the 5D4 → 7F6, 5D4 → 7F5 transitions of Tb3+ ions [38]. The lower
aseline in the spectra suggests that the energy transfer efficiency
etween the acylamido groups and Tb3+ ions is higher. Besides, the

uminescent intensity of BA-PS-Tb (a) is slightly higher than that of
A-PS-Tb (b).

A weak emission before 480 nm (curve (b) in Fig. 5) could be
oticed which was associated to the fluorescence of excited single
tate energy of the ligands. An interesting result is that this emission
and is not observed in BA-PS-Tb (curve (a) in Fig. 5), indicating that
nergy transfer from benzoylamido group in BA-PS to lanthanide
ons is very efficient. It is not surprise because the different efficient
ransitions in these two kinds of polysiloxanes have been described
n analysis aspect of excitation spectra in this paper.

The similar situations are also observed in three other lan-
hanide ions contained polysiloxanes (Figs. 6–8). Fig. 6 shows the
uminescence spectra of BA (AA)-PS-Eu (�ex = 270 nm). In curve (a),
he maxima of these bands are observed at 580, 590 and 613 nm
ssociated with 5D0 → 7F0,

5D0 → 7F1 and 5D0 → 7F2 transitions of
u3+ in BA-PS-Eu [38]. But there is no luminescence in AA-PS-Eu (b).
reen emission bands of BA-PS-Dy (Fig. 7) are related to the tran-
ition between the different levels of Dy3+ and are assigned to the
F9/2 → 6H15/2 (484 nm) and 4F9/2 → 6H13/2 (578 nm) transitions in
urve (a) (�ex = 300 nm) [38], while no emission signal of AA-PS-Dy
ppears in curve (b). In Fig. 8(a), red emission bonds (�ex = 270 nm)
t 560 nm (4G5/2 → 6H5/2) and 590 nm (4G5/2 → 6H7/2) associated to
he fluorescence of Sm3+ which energy transfer took place from the
enzoylamido group in BA-PS-Sm to Sm3+ [38]. And no emission
eak could be monitored in AA-PS-Sm (b).

When the spectra of benzoylamido side functionalized
olysiloxane system (BA-PS-Ln) and acetamido side functional-

zed polysiloxane systems (AA-PS-Ln) are compared, it is evident
hat the benzoylamido group in benzoylamido side functionalized
olysiloxane (BA-PS) is more appropriate to sensitize the lumines-
ence of lanthanide ions than the acetamido group in acetamido
ide functionalized polysiloxane (AA-PS). The differences of lumi-
escence came from the different size of conjugated group of the
cylamido groups between two matrixes. Because the f–f tran-

itions of lanthanide ions are very weak, it is usually to take
dvantage of the strong absorbing capacity of organic ligands
ith �-electrons and the possibility of transferring the excitation

nergy from the triplet states of the ligands to the higher energy

[

obiology A: Chemistry 215 (2010) 46–51

levels of the 4fn configuration of the lanthanide ion to obtain a
good luminescent material [39]. BA-PS-Ln has a superior perfor-
mance in comparison with AA-PS-Ln. A major improvement is the
much higher chromaticity of the conjugated � systems in benzoy-
lamido side functionalized polysiloxane system (BA-PS-Ln). This
means that the modification of benzoyl chloride is better than
that of acetyl chloride. And this indicates that the luminescence
of polysiloxane–lanthanide ion composite material is quite opera-
tive. Namely, diverse luminescence could be obtained by molecular
design.

5. Conclusions

Two new types of acylamido side functionalized polysiloxanes
were obtained via acylamidation reactions. Then two series of
luminescent polysiloxanes were achieved by assembly with var-
ious lanthanide ions (Tb3+, Eu3+, Dy3+ and Sm3+). Green and red
narrow-width luminescences have been observed. It is anticipated
that these functionalized polysiloxane–lanthanide ion composite
materials would attract interests for their utilizations in optical or
electronic applications. Investigations into the luminescence prop-
erties of these composite materials show that the benzoylamido
group in functionalized polysiloxane is quite suitable for the sen-
sitization of luminescence of lanthanide ions. And this strategy
of preparing luminescent polysiloxane from molecular design is
quite operative. After the desired group was tailored to the host,
these functionalized polysiloxane–lanthanide systems via molecu-
lar assembly can be expected to possess desired properties.

Acknowledgements

This work was supported by the China Postdoctoral Science
Foundation Funded Project (20080441135) and National Natural
Science Foundation of China (20574043 and 20874057).

References

[1] W.J. Wang, L.H. Perng, G.H. Hsiue, F.C. Chang, Characterization and properties
of new silicone-containing epoxy resin, Polymers 41 (2000) 6113–6122.

[2] H.S. Park, I.M. Yang, J.P. Wu, M.S. Kim, H.S. Hahm, S.K. Kim, H.W. Rhee, Synthesis
of silicone–acrylic resins and their applications to superweatherable coatings,
J. Appl. Polym. Sci. 81 (2001) 1614–1623.

[3] M. Mazurek, D.J. Kinning, T. Kinoshita, Novel material based on
silicone–acrylate copolymer networks, J. Appl. Polym. Sci. 80 (2001)
159–180.

[4] C.J. Zhou, R.F. Guan, S.Y. Feng, The preparation of a new polysiloxane copolymer
with glucosylthioureylene groups on the side chains, Eur. Polym. J. 20 (2004)
165–170.

[5] G.O. Yahaya, B.J. Brisdon, M. Maxwell, R. England, Preparation and properties
of functionalized polyorganosiloxanes, J. Appl. Polym. Sci. 82 (2001) 808–817.

[6] A.Q. Hou, J.B. Yu, Y.Q. Shi, Preparation and surface properties of the polysilox-
ane material modified with fluorocarbon side chains, Eur. Polym. J. 44 (2008)
1696–1700.

[7] I.M. El-Nahhal, N.M. El-Ashgar, A review on polysiloxane-immobilized ligand
systems: synthesis, characterization and applications, J. Organomet. Chem. 692
(2007) 2861–2886.

[8] I. Ona, M. Ozaki, Organo-Functional Polysiloxane Compositions for Fiber-
treating, US P 4366001, 1982.

[9] S. Hufner, Optical Spectra of Transparent Rare Earth Compounds, Academic
Press, New York, 1978.

10] R.J.P. Corriu, D. Leclercq, Recent developments of molecular chemistry for
sol–gel processes, Angew. Chem. 35 (1996) 1420–1436.

11] H.F. Lu, B. Yan, Attractive sulfonamide bridging bonds constructing lan-
thanide centered photoactive covalent hybrids, J. Non-Cryst. Solids 352 (2006)
5331–5336.

12] L.R. Matthews, E.T. Knobbe, Luminescence behavior of europium complexes in
sol–gel derived host materials, Chem. Mater. 5 (1993) 1697–1700.
sol–gel hybrid materials incorporated with europium complexes, J. Mater. Sci.
35 (2000) 4325–4328.

14] M.T. Murtagh, H.C. Kwon, M.R. Shahriari, M. Krihak, D.E. Ackley, Luminescence
probing of various sol–gel hosts with a Ru(H) complex and the practical rami-
fications for oxygen-sensing applications, J. Mater. Res. 13 (1998) 3326–3331.



d Phot

[

[

[

[

[

[

[

[

[

[

[

[

[

[

[

[

[

[

[

[

[

[

[

[
lanthanide(III) complexes and their photonic applications, J. Photochem. Pho-
H. Lu et al. / Journal of Photochemistry an

15] J. Garcia, M.A. Mondragon, C. Tellez, A. Campero, V.M. Castano, Blue emission
in tetraethoxysilane and silica–gels, Mater. Chem. Phys. 41 (1995) 15–17.

16] O.A. Serra, E.J. Nassar, I.L.V. Rosa, Tb3+ molecular photonic devices supported
on silica gel and functionalized silica gel, J. Lumin. 72 (1997) 263–265.

17] B. Yan, H.J. Zhang, J.Z. Ni, Luminescence properties of the rare earth (Eu3+ and
Tb3+) complexes with 1,10-phenanthroline incorporated in silica matrix by a
sol–gel method, Mater. Sci. Eng. B 52 (1998) 123–128.

18] H.F. Lu, B. Yan, J.L. Liu, Functionalization of calix[4]arene as molecular bridge to
assemble novel luminescent lanthanide supramolecular hybrid systems, Inorg.
Chem. 48 (2009) 3966–3975.

19] K. Driesen, R. Van Deun, R.C. Gorller-Walrand, K. Binnemans, Near-infrared
luminescence of lanthanide calcein and lanthanide dipicolinate complexes
doped into a silica-PEG hybrid material, Chem. Mater. 16 (2004) 1531–1535.

20] N. Koslova, B. Viana, C. Sanchez, Rare-earth-doped hybrid siloxane oxide coat-
ings with luminescent properties, J. Mater. Chem. 3 (1993) 111–112.

21] K. Binnemans, Lanthanide-based luminescent hybrid materials, Chem. Rev. 109
(2009) 4283–4374.

22] G. Crosby, R.E. Whan, R.J. Alire, Intramolecular energy transfer in rare earth
chelates role of the triplet state, J. Chem. Phys. 34 (1961) 743–748.

23] L.D. Carlos, Lanthanide-containing light-emitting organic–inorganic hybrids: a
bet on the future, Adv. Mater. 21 (2009) 509–534.

24] V. Lorenz, M. Spoida, A. Fischer, F.T. Edelmann, Silsesquioxane chemistry part
5. New silyl-functionalized silsesquioxanes, J. Org. Chem. 625 (2001) 1–6.

25] V. Lorenz, A. Fischer, F.T. Edelmann, Silsesquioxane chemistry. Part 10.
Silsesquioxane silanolate complexes of samarium and scandium, J. Org. Chem.
647 (2002) 245–249.

26] L. Liu, H.F. Lu, H. Wang, Y.L. Bei, S.Y. Feng, Luminescent organo-polysiloxanes
containing complexed lanthanide ions, Appl. Organomet. Chem. 23 (2009)
429–433.

27] B. Yan, S. Xu, H.F. Lu, Photophysical properties of luminescent quaternary lan-

thanide molecular hybrid systems with chemical bonds from the cooperative
design and assembly of structure and function, J. Fluoresc. 17 (2007) 155–
161.

28] H.F. Lu, H. Wang, S.Y. Feng, A new way to construct luminescent functional-
ized silicon hybrid material derived from methyldichlorosilane, J. Photochem.
Photobiol. A 210 (2010) 48–53.

[

obiology A: Chemistry 215 (2010) 46–51 51

29] E. Pretsch, P. Buhlmann, C. Affolter (Eds.), Structure Determination of Organic
Compounds, 2nd printing, Springer, Berlin, 2003.

30] A.C. Franville, D. Zambon, R. Mahiou, Luminescence behavior of sol–gel-
derived hybrid materials resulting from covalent grafting of a chromophore
unit to different organically modified alkoxysilanes, Chem. Mater. 12 (2000)
428–435.

31] C. Sanchez, B. Lebeau, F. Chaput, J.P. Boilot, Optical properties of func-
tional hybrid organic-inorganic nanocomposites, Adv. Mater. 15 (2003)
1969–1994.

32] B. Yan, K. Qian, H.F. Lu, Molecular assembly and photophysical properties of
quaternary molecular hybrid materials with chemical bond, Photochem. Pho-
tobiol. 83 (2007) 1481–1490.

33] H.Y. Feng, Y.P. Wang, Z.Q. Lei, R.M. Wang, S.H. Jian, Fluorescence properties
of ternary complexes of polymer-bond triphenylphosphine, triphenylarsine,
triphenylstibine, and triphenylbismuthine, rare earth metal ions, and thenoyl-
trifluoroacetone, J. Appl. Polym. Sci. 68 (1998) 1605–1611.

34] H. Chen, Endgroup-assisted siloxane bond cleavage in the gas phase, J. Am. Soc.
Mass Spectrom. 14 (2003) 1039–1048.

35] G.M. Renlund, S. Prochazka, R.H. Doremus, Silicon oxycarbide glasses. 1. Prepa-
ration and chemistry, J. Mater. Res. 6 (1991) 2716–2722.

36] W. Zhou, H. Yang, X. Guo, J. Lu, Thermal degradation behaviors of
some branched and linear polysiloxanes, Polym. Degrad. Stabil. 91 (2006)
1471–1475.

37] O.L. Malta, H.F. Brito, J.F.S. Menezes, F.R.G. de Silva, S. Alves Jr., F.S. Farias Jr.,
A.V.M. de Andrade, Spectroscopic properties of a new light-converting device
Eu(thenoyltrifluoroacetonate)(3) 2(dibenzyl sulfoxide). A theoretical analysis
based on structural data obtained from a sparkle model, J. Lumin. 75 (1997)
255–268.

38] Y. Hasegawa, Y. Wada, S. Yanagida, Strategies for the design of luminescent
tobiol. C 5 (2004) 183–202.
39] K. Binnemans, P. Lenaerts, K. Driesen, C. Gorller Walrand, A luminescent

tris(2-thenoyltrifluoroacetonato) europium(III) complex covalently linked to
a 1,10-phenanthroline-functionalised sol–gel glass, J. Mater. Chem. 14 (2004)
191–195.


	Molecular design and photophysical properties of acylamido side functionalized polysiloxanes with lanthanide ions as lumin...
	Introduction
	Experimental
	Chemicals and procedures
	Measurements

	Results
	Discussion
	Conclusions
	Acknowledgements
	References


