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Abstract

Organically modified silica xerogels (OMSX) and Eu3+ (Tb3+)-doped OMSX were prepared by the reaction of (3-aminopropyl)

triethoxysilane (APS) with 3-isocyanatepropyltriethoxysilane (ICPTES) followed by the subsequent hydrolysis and condensation in

the presence of Eu3+ (Tb3+) via sol–gel method, which were characterized by FT-IR, XRD, fluorescence excitation and emission

spectra. The as-formed OMSX shows a strong blue emission with the maximum excitation and emission wavelength at 351 and

420 nm, respectively. Due to the spectral overlap between the emission band of OMSX and f2f absorption lines of Eu3+ and Tb3+

in the UV-blue region, an energy transfer was observed from OMSX host to Eu3+ and Tb3+ in OMSX/Eu3+ and OMSX/Tb3+,

respectively. Excitation at 350–360 nm resulted in a very weak emission around 420 nm from OMSX host and strong emission of

Eu3+ and Tb3+ in OMSX/Eu3+ and OMSX/Tb3+, respectively. The emission spectra of Eu3+ and Tb3+ consist of 5D02
7FJ

(J ¼ 0; 1, 2, 3, 4) and 5D42
7FJ (J ¼ 6; 5, 4, 3), respectively. Furthermore, the predicted structure of OMSX/Eu3+ and OMSX/Tb3+

is presented.

r 2003 Elsevier Science (USA). All rights reserved.
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1. Introduction

Sol–gel derived silica gel (aerosol or xerogel) is of
great importance based on its wide applications in
optics, catalysts, sensors and solar energy collectors
[1–4]. Organic dyes [5] and rare-earth ions [6–8] have
been incorporated into the microporous silica gel, which
is generally considered to possess an optically inert
framework. However, the sol–gel derived silica gel is not
optically inert, but optically active, i.e., it shows
luminescence under UV excitation [9,10]. Of particular
interest and importance is that, a new class of stable and
efficient white photoluminescent silicate materials has
been obtained from an alkoxysilane and a carboxylic
acid through sol–gel route [11,12]. Other workers have
reported that the sol–gel derived undoped urea contains
cross-linked organic-inorganic xerogels which display
strong blue-light emission [13].

In this paper we describe the luminescence and energy
transfer properties of an organically modified silica
xerogel doped and undoped with the rare-earth ions
Eu3+ and Tb3+. The organically modified silica xerogels
were prepared by the reaction of two kinds of silane
coupling agents, (3-aminopropyl) triethoxysilane (APS)
with 3-isocyanatepropyltriethoxysilane (ICPTES),
which shows a strong blue emission. It is of great
interest to note that an energy transfer occurs from the
silica xerogel host to the doped Eu3+ and Tb3+.

2. Experimental

The undoped organically modified silica xerogels were
prepared by the reaction of two silane coupling agents.
Typically, 0.65mL (3-aminopropyl) triethoxysilane
(APS, C.P., produced by Gaizhou Chemical Plant,
Liaoning) was dissolved in 3mL ethanol with
stirring. Then 0.65mL 3-isocyanatepropyltriethoxysi-
lane (ICPTES, Aldrich) was added to this solution in a
fume cupboard. The flask was sealed and the solution
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was stirred overnight in the presence of 0.5mL H2O,
resulting in the formation of solid silica xerogel. The
xerogel was dried at 1201C for 2 days.

The Eu3+/Tb3+-doped silica xerogels were prepared
by dissolving Eu2O3/Tb4O7 with HNO3, into which a
small amount of ethanol was added. The concentration
of Eu3+ and Tb3+ is 10mol% of the OMSX in the host.
The pH value of the solution was adjusted to 6–7. Then
the mixed solution of APS and ICPTES was added to
the above solution under stirring. The resulting sol was
poured into a plastic bottle until solidification occurred
to form transparent xerogels. The reaction processes and

the predicted structures for the products are schemati-
cally shown in Fig. 1.

Photoluminescence excitation and emission spectra
were measured on an SPEX-Florolog-2T2 spectro-
fluorometer equipped with a 450W xenon lamp as the
excitation source. FT-IR spectra were measured with
FTS 135 (USA, BIO-RAD Company) infrared spectro-
photometer over the range 4000–400 cm�1. X-ray
powder diffraction (XRD) measurements were per-
formed on a Rigaku D/max-IIB X-ray diffracto-
meter with CuKa (l ¼ 0:15405 nm) radiation (40 kV,
20mA). All measurements were performed at room
temperature.

3. Results and discussion

Fig. 2 shows the FT-IR spectra of the starting
materials ICPTES (a), APS (b) and their reaction
produced OMSX (c). For ICPTES, the FT-IR spectrum
contains the absorption peaks located at 2978,
2883 cm�1 (asymmetric –CH2 stretching and symmetric
–CH2 stretching), 2270, 1720 cm�1 (asymmetric –
N¼C¼O stretching and symmetric –N¼C¼O
stretching), 1386 cm�1 (–CH2 bending), 1195 cm�1 (Si–
CH2 stretching), 1081, 950 cm�1 (asymmetric Si–OEt
stretching), 780 cm�1 (symmetric Si–OEt stretching) and
450 cm�1 (bending of Si–OEt). The FT-IR spectrum of
APS is similar to that of ICPTES, except that the
absorption of –NH2 group at 1577 cm�1 replaces the
absorption of –N¼C¼O group at 2270, 1720 cm�1.
For the OMSX, the FT-IR spectrum is also similar to
the starting materials ICPTES and APS to some extent,
but the absorption of –N¼C¼O group disappears
completely and a new peak at 1642 cm�1 due to amide –
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Fig. 1. The reaction process of ICPTES with APS and the predicted

structure for OMSX/Eu3+.
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Fig. 2. FT-IR spectra of ICPTES (a), APS (b) and the OMSX (c).
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CONH group presents. The broad band at 3372 cm�1 is
due to –NH vibration in the –CONH group. This results
from the reaction of –NH2 group in APS with –
N¼C¼O group in ICPTES, as shown in Fig. 1. The
XRD pattern of the as-formed OMSX only shows a
broad band at 2y ¼ 21:41; which is characteristic for
amorphous silica, as shown in Fig. 3.

The as-formed OMSX shows a strong blue emission
under ultraviolet (360 nm) excitation, which can be seen
clearly with eyes. Fig. 4 presents the excitation and
emission spectra of OMSX. The excitation spectrum
consists of a broad band ranging from 250 to 500 nm

with a maximum at 351 nm, and the corresponding
emission spectrum contains an asymmetric broad band
ranging from 350 to 550 nm with a maximum at 420 nm.
The Stokes shift amounts to 4700 cm�1. It is well-known
that the Stokes shift, defined as the energetic difference
between the maximum of the excitation spectrum and
related maximum of the emission spectrum, is strongly
connected with the electron-phonon coupling [13]. The
Stokes shift for the luminescence of the OMSX is small
(4700 cm�1) and there is a strong overlap between the
excitation and emission spectra. This suggests that there
is a strong self-absorption for the luminescence of
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Fig. 3. X-ray powder diffraction pattern for OMSX.

200 250 300 350 400 450 500 550 600 650

λem=420nm

420351

λex=350nm

In
te

ns
ity

 (
a.

u.
)

Wavelength (nm)

Fig. 4. Excitation (left) and emission (right) spectra of OMSX.

Y. Han, J. Lin / Journal of Solid State Chemistry 171 (2003) 396–400398



OMSX, i.e., energy transfer takes place from one
emission center to another.

The origin of the luminescence in sol–gel derived silica
gels has not been well understood yet. Three possible
mechanisms, i.e., defect mechanism [14], charge transfer
mechanism [9] and carbon impurity mechanism [11,12],
have been proposed to explain the luminescent phenom-
ena in the sol–gel derived silica gels. It is believed that
the carbon impurity mechanism dominates the blue
emission in OMSX [11,12], i.e., the emission is
considered to be from the introduction of carbon

impurities in the –O–Si–O– network by forming –O–
C–O– or –Si–C-bonds.

Fig. 5 shows the excitation and emission spectra of
OMSX/Eu3+ (a) and OMSX/Tb3+ (b). In Fig. 5(a),
monitored with the red emission of Eu3+ 5D02

7F2

transition at 617 nm, the excitation spectrum consists of
the f-f transition lines of Eu3+ at 319, 361, 381, 394, 416,
465 nm, which seem to be superimposed on a broad
band from 300 to 450 nm. This broad band is due to the
excitation of the OMSX host, as shown in Fig. 4. The
same situation holds for the excitation spectrum of
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Fig. 5. Excitation (dot line) and emission (solid line) spectra for OMSX/Eu3+ (a) and OMSX/Tb3+ (b).
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OMSX/Tb3+ (Fig. 5b left, dot line). In this case the
monitored emission light is Tb3+ 5D42

7F5 at 544 nm,
and the excitation band of OMSX host is more obvious.
The presence of the strong excitation band of OMSX in
the excitation spectra of Eu3+ and Tb3+ indicates that
an energy transfer occurs probably from the OMSX
host to Eu3+ and Tb3+ in OMSX/Eu3+ and OMSX/
Tb3+, respectively. Excitation at 350–360 nm yields very
weak band emission of OMSX host from 400 to 500 nm
and strong line emission of Eu3+ 5D02

7FJ (J=0, 1, 2, 3,
4) in OMSX/Eu3+ and Tb3+ 5D42

7FJ (J ¼ 6; 5, 4, 3) in
OMSX/Tb3+, respectively. Because there exist some
f2f transition excitation lines for Eu3+ and Tb3+ in the
range of 350–360 nm, both the energy transfer from
OMSX host and their self-excitation have contributions
to the strong emission of Eu3+ and Tb3+, and it is
difficult to calculate the energy transfer efficiency in
OMSX/Eu3+ and OMSX/Tb3+ systems. The strongest
emission lines of Eu3+ and Tb3+ are located at 617 nm
(red, 5D02

7F2) and 544 nm (green, 5D42
7F5), respec-

tively. Luminescence from higher excited states such
as 5D1 of Eu3+ and 5D3 of Tb3+ is not observed,
indicating a very efficient non-radiative relaxation
from 5D1 to 5D0 for Eu3+ and 5D3 to 5D4 for Tb3+

due to the high vibration energy (3372 cm�1 of –NH,
1090 cm�1 of Si–O–si, as shown in Fig. 2c) in the OMSX
host. The cross relaxation between 5D32

5D4 and
7F02

7F6 of two Tb3+ ions also plays an important role
in quenching the emission from 5D3 [15]. The presence
of Eu3+ 5D02

7F0 transition, and the dominated
hypersensitive 5D02

7F2 transition, indicates a low
symmetry local environment for Eu3+(and Tb3+) in
the OMSX host [16].

The energy transfer from OMSX to Eu3+ and Tb3+

can be explained by the spectral overlap. The emission
spectrum of OMSX is a broad band ranging from 350
to 550 nm, which overlaps with most of the excitation
lines of eu3+ and Tb3+, such as 361, 381, 394, 416,
465 nm for Eu3+ and 342, 353, 370, 378 and 490 nm
for Tb3+. As a result, the emission energy of OMSX
can be absorbed by the Eu3+ and Tb3+ via their
f2f excitation transitions and energy transfer from
OMSX to Eu3+ and Tb3+ takes place. Because the
emission of OMSX, Tb3+ and Eu3+ is in the blue, green
and red region respectively, it is possible to obtain a
white light by suitably doping both Eu3+ and Tb3+ in
OMSX host. This study is under way and will be
reported later.

4. Conclusions

An organically modified silica xerogel (OMSX),
derived from the interaction of two silane coupling
agents APS and ICPTES by sol–gel process, shows a
strong blue emission from 350 to 550 nm with a
maximum at 420 nm under longer ultraviolet excitation.
Eu3+ and Tb3+-doped OMSX shows the characteristic
strong red emission of Eu3+ (617 nm, 5D02

7F2) and
green emission of Tb3+ (544 nm, 5D42

7F5) respectively,
and there exists a possible energy transfer from the
OMSX host to Eu3+ and Tb3+.
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