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Abstract

The study focuses on the syntheses of modified chloronictinic acid by (3-aminopropyl)triethoxysilane and the preparation of their corre-
sponding organic—inorganic molecular-based hybrid material with the two components equipped with covalent bonds. The bridging unitis a
derivative of 2-chloronictinic acid (CINIC-Si) which is utilized to coordinate to"Tor EL?* (abbreviated as RE) and further introduced
into silica matrices by SiO bonds after hydrolysis and polycondensation processes. Ultraviolet absorption, phosphorescence spectra, and
fluorescence spectra were applied to characterize the photophysical properties of the obtained hybrid material and the above spectroscopic
data present that the triplet energy of modified chloronictinic acid efficiently initiates the antenna effect and matches with the emissive energy
level of RE*. Accordingly, the intramolecular energy transfer process completed within these molecular-based hybrids and strong green or
red emissions of RE have been obtained.
© 2005 Elsevier B.V. All rights reserved.
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1. Introduction solve the problem of clustering of emitting centers because
only weak interactions (such as hydrogen bonding, van der
Lanthanide containing hybrid materials have been utilized Waals force or weak static effect) present between organic
as phosphors or luminescent materials in the light of their and inorganic components. Besides, inhomogeneous disper-
sharp, intense f—f electronic transitions. Especially, a large sion of two phases and leaching of the photoactive molecules
amount of rare earth complexes exhibit a bright and narrow frequently occur in this kind of hybrid system for which the
metal ions characteristic emission. These correspondingconcentration of complexes is also prohibited. Following
emissions are often aroused by a process called as “antennthe classification by Sanchez and Rida@] class Il is
effect”, defined as a light conversion mechanism through an called the one which has the structure properties of chemical
energy absorption and transfer order which is that the diverseconnections, through covalent bonding, between the organic
ligands choose distinct absorptions and lead to lanthanideand inorganic parts. Lately, a few researches in regard to the
ions emissions (the detailed diagram presenting the energycovalently bonded hybrids have emerged and the as-derived
transfer process and antenna effect is giverfrion 1). In molecular-based materials exhibit monophasic appearance
recent studies, anchored lanthanide complexes by aromatieven at a high concentration of rare earth complgkgs24]
carboxylic acids,3-diketones or heterocyclic ligands in a Compared with diverse synthetic approaches, sol-gel method
sol—gel derived matrix has been discussed in d§tail1]. which is founded on hydrolysis/polycondensation reactions
However, the two networks remain as individual moieties of metal alkoxides exhibits its unique features such as con-
connected only via physical mixture and it seems difficult to venience, low temperature, versatil[B~6]. The describing
tremendous excellence can be further realized by altering the
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Fig. 1. The energy transfer process and antenna effect between organic ligand and rare earth ions.

tion between the two phases. At present, the crucial step toconcentrated on the modification of pyridine-dicarboxylic
prepare such materials is to synthesize a new monomer as acid or their derivatived23] and some others focus on
covalent bridge which cannot only develop chelating effects modification of aminobenzoic acid6—18] or di-pyridine
that can bind to rare earth ions but also act as precursors off14]. In this paper, we firstly use 2-chloronicotinic acid
inorganic networf13-16] Some previous researches have as organic ligand, then we designed a covalently bonded
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Fig. 2. Scheme of hydrolysis and polycondensation processes between CINIC-Si and TEOS.
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hybrid inorganic—organic system that incorporated mod- uum line. CINIC-Si— GsH2504N2CISi: IR (KBr): —-CONH-
ified 2-chloronicotinic acid (denoted as CINIC-Si) and (1647, 1566 cmt), C-Si (1198 cmt). 1H NMR (CDCls):
tetraethoxysilane (TEOS) with water. The reaction model CINIC-Si§9.07 (1H, s), 8.59 (1H, t), 8.15 (1H, d), 8.03 (1H,
for the hybridization formula of TEOS and CINIC-Simay be s),4.93 (1H,1),4.52 (1H, s), 3.66 (1H, d), 3.34 (10H, m), 3.05
described irFig. 2 During the start of the reaction, as shown (1H, s), 2.70 (1H, t), 1.56 (4H, s), 0.59 (2H, $YC NMR
in Fig. 2 (Step 1), the individual hydrolysis of CINIC-Si  (CDClz): CINIC-Si: § 166.5 (G), 151.1-150.4 (&-Cy),
and TEOS are predominant. The Step II, different from 136.7-136.5 (¢-Cs), 122.1 (Q), 50.3 (CH(OEL)), 43.3
the former, is concerning to the polycondensation reactions (C7), 22.5 (G), 15.1 (CH(OEL)), 6.4 (@). The sol-gel de-
between hydroxyl groups of both CINIC-Si and TEOS. rived hybrid containing terbium was prepared as follows:
Through the above treatments, the molecular-based hybridsCINIC-Si was dissolved in ethanol, and TEOS;MHwere
bearing the REO coordination bond and SO covalent added while stirring, Then one drop of diluted hydrochlo-
bond can exhibit the strong green luminescence ot'RE ric acid was put into it to promote hydrolysis. A stoichio-
metric amount of RE(Ng@)3-6H,O was added to the final
stirring mixture. The mole ratio of RE(Ng)s-6H>O/CINIC-
SITEOS/HO was 1:3:6:24. After the treatment of hydroly-
sis, 2 ml DMF (dimethylformamide) and appropriate amount
2.1. Chemicals and procedures of hexamethylene-tetramine were added to adjust the pH
value of 6-7. The mixture was agitated magnetically to
2-Chloronicotinic acid was provided by Lancaster Syn- achieve a single phase in a covered Teflon beaker, then it
thesis Ltd. (3-aminopropyl)triethoxysilane (APS) was pur- Was aged at 60C until the onset of gelation which occurred
chased from Shanghai YaoHua chemical plant. Other start-Within 3 days. The gels were collected as monolithic bulks
ing reagents were used as received. A typical procedure forand ground as powder materials for the photophysical studies
the preparation of CINIC-Siwas as follows: 2-chloronicotinic  (S€€Fig. 3).
acid was first converted to acyl chloride by refluxing in excess
SOCLb under argon for 5 h. After isolation, the acyl chlorides 2.2. Measurements
were directly reacted with APS in ethyl ether in presence of
triethylamine. The resulting solution was stirred under argon  All measurements were completed under room tempera-
for 5 h at room temperature. After the filtration of the precip- ture.'H NMR spectra was recorded in CDCdn a bruker
itates, a clear oil CINIC-Si was furnished and dried on a vac- AVANCE-500 spectrometer with tetramethylsilane (TMS)
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Fig. 3. Scheme of the synthesis process of CINIC-Si and predicted structure of hybrid materials.
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as internal reference. Ultraviolet absorption spectra of these
powder samples (& 10-* mol =1 chloroform (CHC}) solu-

tion) were recorded with an Agilent 8453 spectrophotometer.
Phosphorescence spectra<30-* mol =1 CHClz solution,

under 77 K) and fluorescence excitation and emission spectra

were obtained on a Perkin-Elmer LS-55 spectrophotometer:
excitation slit width =10 nm, emission slit widt 5 nm.

3. Results and discussion

Fig. 4 exhibits ultraviolet absorption spectra of (A) 2-
chloronicotinic acid, (B) CINIC-Si, (C) CINIC-Si with excess
Tb3* ions, (D) CINIC-Si with excess Bii ions. From the
spectra, it is observed that a blue shift-GAB) of the major
w—m* electronic transitions (from 286 to 279 nm) occur and it
is estimated that during the modification of 2-chloronicotinic
acid, the different ligand may hinder the conjugating effect
of double bonds (€0) and enlarge the energy difference
levels among electron transitions. In regard to C and D, the
complexation between rare earth ions and CINIC-Si further
increases the energy levels of the corresponding transition
and exhibits a obvious blue shift from 279 to 270 nm-BC
and B— D).

As for the phosphorescence spectra of (A)
chloronicotinic acid, (B) CINIC-Si, (C) CINIC-Si with
excess TB' ions (Fig. 5. Phosphorescence spectrum
represents the character of the organic molecular ligands
and a 6nm shift was found between A and B (from 389
to 395 nm). However, there is no change between B and C

because they belong to the same organic groups with the

exception that C can sensitize terbium ions and transfer
part of energy to decrease the relative intensities. It can be
indicated that the maximum phosphorescence band (B) is
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Fig. 4. Ultraviolet absorption spectra of (A) 2-chloronicotinic acid, (B)
CINIC-Si, (C) CINIC-Si with excess T8 ions, (D) CINIC-Si with excess
Ew* ions.
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Fig. 5. The phosphorescence spectra of (A) 2-chloronicotinic acid, (B)
CINIC-Si, (C) CINIC-Si with excess TH ions.

located at 395 nm and the triplet state energy of CINIC-Si can

e determined to be 25316 cth According to the energy

transfer and intramolecular energy mechanif2s—-30]
it can be predicted that the bridging CINIC-Si is quite

_ suitable for the sensitization of fluorescence of terbium ions

(20500 cnT1) because the optimal energy match between
ligands and the resonant emissive energy level of the central
Th3* ions is around 400& 500cnT!. While the energy
match of ligand and Eii appears to be not as proper as
terbium ions for the emissive energy level of europium ions
is approximately 17265 crt and this was further proved
by the following emission spectra of central lanthanide ions.
The fluorescent excitation and emission spectra of the re-
sulting hybrid materials are shown kigs. 6—8 The exci-
tation spectra was obtained by monitoring the emission of
Th3* (A) or EL®* (B) ions at 545 or 614 nm and dominated
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Fig. 6. The excitation spectra of (A) ¥hcovalently bonded hybrid mate-
rials and (B) E&* covalently bonded hybrid materials.
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Fig. 7. Emission spectrum of $b covalently bonded hybrid materials.

by a broad band centered at 370 and 383 nm, respectively.
As a result, the emission lines of the hybrid material were
assigned to the transitions from thB4 — 'F; (J=6, 5, 4,

3) transitions at 490, 544, 587 and 622 nm for terbium and

5Do — 7F1, 5Dg — "Fa, 5Dg — 7F3, 5Do — ’F4 transitions » SNy e e &

at 590, 614, 650 and 700 nm of Eurespectively. AMONg e P T P
these emission peaks, the most striking green fluorescence oot d S T

(°D4 — "Fs) and red emission$Do — 'F») were observed (b)

in their emission spectra which indicated that the effective _ _ . .
. Fig. 9. SEM graphs of molecular-based materials (a) and hybrid materials
energy tranSf.er took place between the CINI(?'SI and the by doping chloronicotinic acid—Tb complex directly into hosts (b).
chelated RE ions. Under the same concentration and other
relative conditions, EXf ions containing molecular hybrids  cannot be excluded such as relatively rigid structure of sil-
give a weaker fluorescence than expectation because the ratiea gel which limits the vibration of ligand of P or EW*
constant of the intermolecular energy transker] is largely and prohibits non-radiative transitions. Accordingly, we may
impeded with the increasing energy difference of both donor expect that through this efficient way, leaching of the pho-
(CINIC-Si) and acceptor (Eli) even if the inverse energy  toactive molecules can be avoided; higher concentration of
transfer rate constari(7) is restricted. Other factors still metal ions is reached and clustering of the emitting centers
may be prevented.
D—'F Figs. 9 and 1Opresent the microstructures of the
molecular-based hybrid materials and it can be clearly seen
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Fig. 10. SEM graphs of rupture section within the molecular-based materi-

Fig. 8. Emission spectrum of Bticovalently bonded hybrid materials. als.
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