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CHARACTERIZATION AND OPTICAL STUDIES OF HYBRID MATERIALS SYNTHESIZED
BY COVALENTLY LINKING Eu’" IONS, PARA-AMINOBENZOIC ACID, AND TITANIA™
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Two new luminescent hybrid materials were synthesized using para-aminobenzoic acid (PABA), euro-
pium nitrate, and titania. Characterization of the synthesized hybrid materials using infrared spectroscopy
and CHN elemental analysis revealed the bonding sites and compositions of the two hybrid materials. The
homogenous nature of the hybrid materials was confirmed by scanning electron microscopy. The optical
properties of these synthesized materials were studied using UV-visible absorption spectroscopy and photo-
luminescence spectroscopy. Thermogravimetric analysis revealed that the hybrid materials are thermally
stable.
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C ucnonv3oganuem napaamunodEeH30UHOU KUCIOMbl, HUMPAMA eeponus U U30NPONUNAmd Mumana
CUHME3UPOBAHBL 08a HOBBIX TIOMUHECYUPYIOWUX cUOPUOHbIX 8ewjecmsa. Hccredosanue ux Xapakxmepucmux
¢ ucnonvzoganuem UK cnexmpocxonuu u snemenmnozco CHN-ananusa 6via6uno mecma cea3vl8aHus u co-
cmag 2ubpudHvix mamepuanos. QOOHOPOOHOCMb CIMPYKMYPbL 2UOPUOHBIX MAMEPUATO8 NOOMBEPIHCOCHA Me-
MoooM cKanupyroueti 21eKkmponHol mukpockonuy. Onmuueckue c60UCMEa CUHMEIUPOBAHHBIX MAMEPUANO8
UCCe008aHBL C NOMOWBIO AOCOPOYUOHHOU cnekmpockonuu 6 Y@ u guoumoul obracmsax cnekmpa u ¢homo-
JIOMUHECYeHmHOU cnekmpockonuu. Tepmocpasumempudeckuti anamus nOKA3ai, 4mo nojiyyeHHvle 2ubpuo-
Hble MAmepuanbl MepMudecKu CImabuibHbl.

Kntouesvie cnosa: opeanuuecko-neopeanudeckuii cUOPUOHbIT Mamepua, homomoMuHecyenyus, OUOKCUO
MUManda.

Introduction. There has been increasing interest in the design, synthesis, and development of lantha-
nides containing organic complexes due to their exceptional luminescence properties. The luminescence
properties of lanthanide organic complexes result from the intramolecular energy transfer (“antenna effect”)
between the ligand and chelated metal ion [1]. These complexes find applications in different fields like or-
ganic light emitting diodes (OLEDs), sensors, molecular optoelectronic devices, etc. But their poor mechani-
cal and thermal stability limits their exploration in many fields [2, 3]. Recently, there has been an increased
attention to the development of lanthanide containing inorganic-organic hybrid materials as they can com-
bine the advantages of an inorganic part like high thermal and mechanical stability and also the benefits of
an organic part like synthetic versatility, luminescence property, etc. Thus inorganic-organic hybrid materi-

* Full text is published in JAS V. 84, No. 1 (http://springer.com/10812) and in electronic version of ZhPS V. 84,
No. 1 (http://www.elibrary.ru/title_about.asp?id=7318; sales@elibrary.ru).
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als synthesized by fabricating organic complexes into inorganic matrices shows integrated properties of or-
ganic and inorganic parts simultaneously [4].

There are mainly two types of inorganic-organic hybrid materials. In the type of hybrid materials which
are formed by the physical mixing of the two components, the interaction between organic and inorganic
parts is caused by weak van der Waals forces. The inhomogeneous distribution and clustering of lanthanide
ions in this type of hybrids results in a decrease in luminescence intensity. On the other hand, in hybrid ma-
terials of the second type, the chemical interaction is due to the covalent bonds between the inorganic and
organic components. These materials show homogenous distribution, enhanced luminescence properties, and
thermal stability. The luminescence properties and stability of silica based lanthanide containing hybrid ma-
terials linked by chemical interaction are widely studied because of their built-in robustness and tunable
physical properties [5—8]. The synthesis and properties of hybrid materials containing other inorganic matri-
ces like zirconia, titania, and alumina are rarely reported [9]. In the present work we have synthesized two
titania based hybrid materials PABA-Ti-Eu and PABA-Eu-Ti where the interaction between the inorganic
and organic parts is through strong covalent bonds. The luminescence properties and thermal stability of the
two materials were compared.

Experimental. Para-aminobenzoic acid (PABA) and ethanol were purchased from M/S Merk Chemi-
cals. Europium(IIl) nitrate and titanium(IV) isopropoxide were purchased from Sigma Aldrich. All the
chemicals were used without further purification. Distilled water was used throughout the experiment.

Synthesis of hybrid material (PABA-Ti-Eu). A 1.136 g portion of titanium isopropoxide was added to
20.0 ml of 4.0 mmol solution of PABA in absolute ethanol. The mixture was then refluxed for 30 min to
form a yellow colored solid powder (PABA-T1). A 0.213 g portion of Eu(NO;); dissolved in absolute etha-
nol was added to this and refluxed for 1 h. The bright orange colored powder formed was collected, washed
with ethanol, and dried. The product is designated as S

Synthesis of hybrid material (PABA-Eu-Ti). Another material was also synthesized using the same pre-
cursors and the same procedure but by changing the sequence of addition of precursors. A 0.213 g portion of
Eu(NO;); was added to 20.0 ml of 4.0 mmol solution of PABA in absolute ethanol with stirring. The mixture
was then refluxed for 30 min to form white colored PABA-Eu complex. A 1.136 g portion of titanium iso-
propoxide was added to this and refluxed for 1 h. The yellow colored powder formed was collected, washed
with ethanol, and dried. The product is designated as S,.

Elemental analyses were carried out on an Elementar Vario EL III instrument. FTIR spectra were taken
within 400-4000 cm™' region on a Perkin-Elmer Spectrum 400FTIR/FTFIR spectrophotometer. The powder
X-ray diffraction patterns were obtained on a Bruker D8 advanced diffractometer. Scanning electron micro-
scopic (SEM) images were obtained from a JEOM JSM-6700 field-emission scanning electron microscope.
UV-visible absorption spectra were recorded on a UV-2400PC series spectrophotometer, and fluorescence
excitation and emission spectra were obtained on a SL174 spectrofluorometer using 150 W Xenon lamp as
excitation source. A Shimadzu DTG-60 instrument was used for recording the thermogram of the synthe-
sized materials.

Results and discussion. The molecular formulas of S; and S, were obtained from the CHN elemental
analysis. S; has the molecular formula CygHp4EuNgO»,Tig (1331.4) (Calculated: C 25.1, H 2.8 N 6.28,
Found: C 26.9, H 2.3, N 6.5). The predicted structure for the hybrid material S; is shown in Fig. 1a. The mo-
lecular formula of S, is obtained as CgH73EusNgO;;Ti, (2168) (Calculated: C 36.5, H 3.36, N 5.16, Found:
C 36, H 3.37, N 5.18). The predicted structure for S, is shown in Fig.1b.

Details of the IR spectra of PABA (ligand), PABA-Ti network, PABA-Eu complex, S;, and S, are
shown in Table 1. The difference between asymmetric and symmetric stretching vibration of carboxylate
group of PABA was found to be 184 cm’! (Vas— vs = 1599 — 1415 cmﬁl). It is decreased to 164 cmﬁl(vas— V=
= 1551 —-1387 cmﬁl) in the PABA-Ti network, which indicates that the bond formation to Ti in PABA-Ti is
through the carboxylate group of PABA. The peak at 3462 cm ' of free PABA is due to the N-H stretching
vibration of the amino group. The peak is shifted to 3435 cm ™' in S;, indicating bond formation through the
amino group of PABA to Eu*" in S;.

The difference between asymmetric and symmetric stretching vibration of carboxylate group of PABA
was found to increase to 201 cm ' (Va5 — Vs = 1599 — 1398 cm™') in PABA-Eu complex. This indicates that
the bond formation is through the carboxylate group of PABA to Eu’” in PABA-Eu [10]. Absence of N—-H
stretching vibration of PABA in S, indicates that the bond formation is through the amino group of PABA to
Ti in S, [11] Other characteristic peaks at 1173 and 1131cm ' due to C—H stretching vibration and peak at
1310 cm ' due to C—N stretching vibration of amino group of PABA were observed in all samples [12].
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Fig. 1. Proposed structure of S; (a) and S, (b).

TABLE 1. Assignments of Infrared Absorption Bands (cmﬁl) of PABA, PABA-TI, S|, PABA-Eu, and S,

Characteristic PABA PABA-Ti Sy PABA-Eu S,
A (Vas—vs) COO ™ | 184 (1599-1415)|164 (1551-1387)|164 (1551-1387)|201 (1599-1398)|201 (1599-1398)
N-H stretching 3462 3462 3435 3462 —
C—H stretching 1173, 1131 1173, 1131 1173, 1131 1173, 1131 1173, 1131
C—N stretching 1310 1310 1310 1310 1310

The PXRD patterns of S; and S, (Fig. 2) shows Bragg peaks at low reflection angles which is typical of
porous materials [13]. Other Bragg peaks of sample S, become weak and diffuse, implying poor crystallin-
ity. The XRD patterns of S; and S, are dissimilar, indicating that the atomic distribution is different in the
two samples. Product S; shows strong and sharp peaks compared to S, which can be attributed to its crystal-
line nature as a result of the regular arrangement of Ti—O network in S;. But in S, the distribution of organic
groups is less ordered, which results in diffused peaks in its XRD pattern [14].

Figure 3 shows the SEM images of S; and S,. Both the hybrid materials showed uniform distribution,
and there is no separation between the organic and inorganic phases. The hybrid material S; shows more
regular and uniform microstructure than S, [15]. This may be due to the difference in the network structure
formed in S; and S,. In S, the organic and inorganic phases are linked through the carboxylate group of
PABA and form a Ti—O network system that is more stable and regularly arranged, whereas in S, Ti*" is coor-
dinated to the ligand through NH; and forms a different network structure that is less orderly distributed [16].
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Fig. 2. PXRD patterns of S; and S,.
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Fig. 3. SEM images of S; and S,.

Figure 4 shows the solid state absorption spectra of PABA, S; and S,. The absorption spectra show two
main peaks at 260 and 337 nm for the PABA ligand. The hybrid materials also show absorption in this re-
gion due to absorption of the PABA part. PABA shows significant absorption only up to 400 nm, and the
complex shows more absorption than the ligand due to the formation of the extensive coordination environ-
ment of the complex [17]. Also the region of absorption is further enhanced in S; because of the presence of
the Ti—O network structure [18, 19].
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Fig. 4. UV-Visible absorption spectra of PABA, S| and S,.

Figure 5 shows the thermogravimetric traces and differential thermogravimetric traces of S; and S,. The
thermal degradation of S; occurs in three main stages. During the first stage, from 39.1 to 131°C, a weight
loss of 7.2% is observed due to the removal of solvent. The second stage shows a weight loss of 15.61%
from 131 to 321°C due to the removal of physically adsorbed water molecule and the decomposition of or-
ganic ingredients formed due to the polycondensation reaction of titanium isopropoxide [20]. The degrada-
tion of the organic part, which takes place between 321 and 624°C, results in a weight loss of 18.06 %.
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Fig. 5. TG-DTG spectra of S; (a) and S, (b).



ABSTRACTS ENGLISH-LANGUAGE ARTICLES 167-5

The thermal degradation of S, also occurs in three main stages. During the first stage from 37.17 to
121°C, a weight loss of 11.9% is observed due to the removal of solvent ethanol. The second stage shows a
weight loss of 9.4% from 121 to 299°C due to the removal of physically adsorbed water molecule. The deg-
radation of the organic part starts from 299°C and shows a 17.2% weight loss. The results demonstrate that
the sample S; shows better thermal stability than the sample S, because of the Ti—O-network structure.

It is reported that PABA ligand can influence the sensitization of Eu®* luminescence [21]. But the func-
tionalization of PABA by the network structure in S; and S, quenches the excitation energy of PABA due to
coordination. Both S; and S, have an intensive emission at a wavelength 612 nm under the direct excitation
of Eu " at 413, 446, and 476 nm (Fig. 6). The quenching effect due to the functionalization of PABA and the
network decreases the energy transfer from ligand to Eu®" and hence decreases the luminescence of Eu’®”.
From the excitation spectrum it is clear that the intensity of the S, direct excitation peaks is less compared to
S,, which shows that the indirect excitation is more favorable in S;. Also the quenching effect for the excita-
tion peaks of PABA in sample S; is less compared to S, and hence S; can give better luminescence proper-
ties than S,, which is in a good agreement with the earlier report [20]. The emission spectra of S| and S at an
excitation wavelength 413 nm showed characteristic emission peaks of Eu’". The emission peak at 551 nm is
due to the °D; to 'F; transition, and the peaks at 612 and 651 nm are due to the ’Do—'F, and >Dy—'F; tran-
sitions, respectively [22].
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Fig. 6. Solid state excitation spectra (Aep, = 612 nm) and emission spectra (Aex =413 nm) of S; and S,.
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Fig. 7. Solid state excitation spectrum (Ae,, = 470 nm) and emission spectrum (Aex = 297 nm) of S;.

On comparing the luminescence of S; and S,, the solid state room temperature excitation spectra of S, at
an emission wavelength 470 nm (Fig. 7) showed excitation peaks at 260, 297, and 320 nm due to the excita-
tion of PABA modified Ti—O network, whereas these peaks are not observed for S; at this emission wave-
length. This excitation spectrum of S; overlaps with the absorption spectrum of the ligand. It indicates that
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the intramolecular energy transfer from ligand to metal occurs in S,. The absence of these excitation peaks at
this emission wavelength in S, reveals that the ligand to metal energy transfer is quenched in S,. The emis-
sion spectrum of S at an excitation wavelength 297 nm also shows characteristic emission peaks of Eu’".
Here the higher intensity peak is at 565 nm due to 5D1—>7F | transition. Peak at 651 nm due to 5D0—>7F3 is
also obtained in the emission spectrum. Hence S; shows better luminescence properties than S,, and the dif-
ference in luminescence is due to the different network structures resulting from different coordination sites
in the two samples.

Conclusion. Two titania based hybrid luminescent and thermostable materials were synthesized using
PABA and europium. IR spectroscopy and CHN elemental analysis were used to investigate coordination
sites of the organic and inorganic parts of the hybrid materials. The sequence of addition of precursors dur-
ing synthesis of these materials changed the coordination sites of organic and inorganic parts of the hybrid
materials. The material PABA-Ti-Eu (S;) showed better stability, luminescence, and more homogenous
structure than PABA-Eu-Ti (S;) because of the difference in coordination between inorganic and organic
parts in the two materials. The results indicate that the synthesized hybrid material, PABA-Ti-Eu (S;), can be
used as a promising, stable candidate for luminescent applications.
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