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Abstract Silica xerogels and monoliths, containing
ethyl 2-(7-hydroxy-2-oxo-2H-chromen-4-yl)acetate (K4)
or Sm>* jons and K4 are prepared by sol-gel technique.
NMR investigations, UV/Vis, IR- and Iuminescence
spectral properties of K4 in solution and in monoliths are
presented. The IR-spectroscopic properties of the prepared
sol-gel materials are examined by applying the reduced-
difference procedure to non-polarized IR-spectra. The
results show that the sol-gel medium did not interact with
K4 as well as in the presence of Sm>* ions the K4 form a
[Sm(L),(H,0)4] X (NO3); complex in the matrix.
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Introduction

Nowadays, sol-gel process is used for the preparation of
porous gel glasses doped with organic molecules at rela-
tively low temperatures ( < 150°C). As a result organic
dyes retain their optical properties and are successfully
incorporated into a rigid, inorganic amorphous host [1-4].

A new challenge of sol-gel technologies is the preparation
of organic modified ceramics (ormocer) and hybrid optical
materials containing optical active organic molecules and
inorganic ions. Sol-gel derived inorganic networks doped
with lanthanoid ions and organic compounds or organic
complexes have demonstrated excellent optical properties:
transparence, coloration and high-quantum efficiency [5].

Coumarins and their complexes with metal ions have
been studied extensively in the past years. They are of
interest because of their luminescence properties and
biological activities. Some of the luminescent lanthanide
complexes have application as planar waveguide amplifi-
ers, plastic lasers or light-emitting diodes [6-8]. The
physiological, anticoagulant, spasmolytic, bacteriostatic
and antitumor activities of coumarins and their complexes
are important for pharmacy and medicine [9,10].

In this paper, we describe the preparation and properties
of new organic-inorganic hybrids that are investigated for
optical applications. The UV/Vis, IR- and luminescence
properties of ethyl 2-(7-hydroxy-2-oxo-2H-chromen-4-yl)
acetate (K4) are investigated.

Experimental
Synthesis

This coumarin is synthesized according to the method of
Dann and Illing [11], the Pechmann reaction of 1,3-di-
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hydroxybenzene and the substituted f-keto-ester (diethyl-
3-oxo-pentandioate in sulfuric acid gives ethyl (7-hydroxy-
2-0x0-2H-chromen-4-yl)acetate [11,12].

The obtaining of the K4 is proved by showing the
chemical shifts in "H NMR spectrum in DMSO-d, ¢ ppm,
10.610 (s, 1H, OH), 7.526-7.473 (m, 3H, Ar), 6.825 (s, 1H,
3-coum), 4.122 (m, 2H, OCH,CH3;), 3.927 (s, 2H, CH,),
1.125 (t, 3H, CHa).

The preparation of the monoliths in this contribution is
based on two preparation schemes described in [13], which
were modified to obtain large, transparent monoliths for
transmittance UV/Vis investigations. The acid-based
hydrolysis is followed by gelation at pH = 6-7, so that gels
can be formed reproducibly for up to 30 min.

Monoliths containing coumarins were prepared by the
following sequence: TEOS (98%; Aldrich) and absolute
EtOH (99.8%; Riedel-de Haén) are mixed together in a 1:1
molar ratio. For the Sm>*-doped gels a 0.57 M solution of
samarium nitrate with pH~3 was added to the mixture of
TEOS and absolute EtOH before hydrolysis. After
homogenization of the mixture distilled H,O in a 1:4 molar
ratio and 0.23 M HCI for the hydrolysis were added. This
process takes place at pH~2 for 2 h.

Because coumarins are pH sensitive we had to alkaline
the medium after HCI catalyzed hydrolysis up to pH = 6-7
before adding coumarin solution. A mixture of 0.14 M
NH;3; and C,HsOH/H,O in a 1:4 molar ratio was used to
alkaline the solution. Gelation of monoliths takes place by
pouring the sol into covered plastic Petri dishes. Petri
dishes were covered for 24 h for gel aging. After aging the
covers were removed and replaced by covers with three
holes to allow slow solvent evaporation. The area of holes
is about 1-2% from the cover area.

Monolithic, transparent xerogels without colorations
were obtained. The described procedure allows to prepare
reproducibly transparent, crack-free monoliths with radius
r=1.25-1.4 cm, thickness d = 0.2-0.3 cm and weight
g =1.8-1.9 g. The molar ratios K4/Si = 4.46 x 10° and
Sm**/Si = 0.01. According to IR and TG investigations,
such gels normally contain about 25% H,O0, including both
OH™ groups and H,O [12], where the water content is
higher for gels, highly doped with rare-earth ions [14-16].
The gels are amorphous, proved by X-ray diffraction.

Materials and methods

UV/Vis spectra were recorded using a Thermo Spectronic
“Unicam UV 500 UV/Vis spectrophotometer. The
luminescence spectra were recorded with Varian ‘‘Cary
Eclipse’” fluorescence spectrophotometer. Both UV/Vis
and luminescence spectra of xerogels were recorded
directly on the monoliths. For the 1 x 10™*M ethanol
solutions of K4 quartz cuvettes were used.
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Scanning electron microscope (SEM) investigations are
performed on a standard JEOL 5510 microscope.

The '"H NMR spectra are recorded on a Bruker 250
Spectrometer at 298 K.

The IR spectra were recorded on a Bomem-Michelson
100 FTIR-spectrometer. The conventional (non-polarized)
solid IR spectra have been obtained using KBr disk
technique. The position (v;) and corresponding integral
absorbancies (A;) for each i-peak were determined by
deconvolution and subsequent curve-fitting procedure at
50:50% ratio of Lorentzian to Gaussian peak functions.
The means of two treatments were compared by Student’s
t-test [17-19]. The experimental IR spectral curves have
been acquired and processed by means of GRAMS/AI 7.01
IR spectroscopy (Thermo Galactic, USA) and STATISTI-
CA for Windows 5.0 (StatSoft, Inc., Tulsa, OK, USA)
program packages.

The method described in [20-24] for n-component
systems consists in subtraction of two IR spectral curves,
corresponding to samples, containing diverse concentra-
tions of given structural units. The theory is listed in
Supplementary material.

Quantum chemical calculations were performed by
using DALTON 2.0 program package [25]. The output fails
are visualized by means of ChemCraft program [26]. The
geometry (K4) is optimized at two levels of theory: second-
order Moller-Pleset perturbation theory (MP2) and density
functional theory (DFT) using 6-311++G** basis set. DFT
method employed is B3LYP, which combines Becke’s
three-parameter non-local exchange functional along with
the correlation function of Lee, Yang and Parr [27,28].
Molecular geometry of the studied species was fully
optimized by the force gradient method using Bernys’
algorithm [29]. For every structure the stationary points
found on the molecule potential energy hypersurfaces were
characterized using standard analytical harmonic vibra-
tional analysis. The absence of the imaginary frequencies,
as well as of negative eigenvalues of the second-derivative
matrix, confirmed that the stationary points correspond to
minima of the potential energy hypersurfaces. The calcu-
lation of vibrational frequencies and IR intensities were
checked for which kind of calculations performed agree
best with the experimental data. The DFT method provide
more accurate vibrational data, as far as the calculated
standard deviations are 9 cm™' (B3LYP) and 21 cm™
(MP2), respectively. So, the BALYP/6-311++G** data are
presented for above discussed modes, where for the better
correspondence between the experimental and theoretical
values, a modification of the results using the empirical
scaling factor 0.9614 [30] is made. Molecule orbital model
of K4 is optimized starting with semi-empirical PM3
calculations and then refined at B3ALYP/6-311++G** level
of theory and basis set [31,32].
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Results and discussion
Molecular geometry

According to the quantum chemical calculation, both by
ab initio and DFT ones, two distinct stable conformers of
K4 exist differing by internal rotation around the C-O bond
in phenyl ring (Scheme 1): when C-C-O-H is equal to 0.2°

Scheme 1 Calculated geometry of K4 with E.; of 0.4 kJ/mol at
MP2/6-311++G** level of theory and basis set

and 179.6° (MP2/6-311++G**), respectively. When
energies are corrected by zero point vibrational energy
contribution, the first form is more stable with 2 kJ/mol.
This conformer is characterized with absolutely flat
aromatic conjugated system, where the maximal deviation
of total planarity is less than 0.7°. The plane of carboxylic
fragment is oriented near to perpendicular toward the plane
of the benzene ring closing at an angle of 97.9°. The dipole
moment in gas phase is 2.9873 Debay. The predicted
geometry parameters of discussed form are summarized in
Table 2 of Supplementary material, where due to the
ab initio approach give the better structural parameters
[27,28], the values are obtained by MP2/6-311++G**.

Theoretical and experimental UV-spectral and
luminescence data

All the investigated monoliths are transparent and color-
less.

The violet color of the gels comes from transmitting
excitation light. Figure 1 shows the high-optical quality
transparence and strong, blue luminescence of the prepared
samples. The SEM investigations confirm that the gels
have a flat, crack-free surface (Fig. 2).

Absorption spectra of K4 in EtOH solution and in
xerogel and gel co-doped with K4 and Sm>* ions are
presented in Fig. 3.

The spectrum of SiO,-monolith without dopant is given
for comparison. The spectra features can be explained with

Fig. 1 Photograph of (from left to right) gel without modifying
(G30); gel, modified with K4 (GK4); and gel, modified with K4 and
Sm>* ions (GK4Sm): a on ruler and b emission

Fig. 2 Scanning electron microscope (SEM) results of the surface of
a non-doped gel prepared (G30)
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Fig. 3 UV/Vis spectra of (1) 1 x 10~ M EtOH solution of K4; (2)
GK4; (3) GK4Sm; and (4) G30
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Table 1 UV procedure spectral patents by Gaussian analysis of K4
absorption spectra: x. — peak position; A;,, — integrated absorbance; @
—full half-width

Table 2 Optimized geometry parameters of K4 at MP2/6-311++G**
level of theory and basis set, using atom numbering scheme 2

Name Bond Name Angles (°)
No. Transition GK4 (d =0.25 cm, r = 1.25 cm) definition lengths (A) definition
X em™) A (em™) o (em™) R(1,2) 1.407 AQ,14) 120.0 (9)
I. nor (C=0) 29038+63  55+10 1062+109 R4 1.380 A1,2.3) 1168 3)
2. nox (C=0)  30216=103 25+10 924 +183 RZ3) 1.377 All,2.8) 195
3. nox (C=0) 3063628 65211 2859+37  R23 1389 AB.2.8) 12350
4. non(C=0) 33571£100 189+4  3290x925  R&D) 1412 AL4,5) 121.50)
K4 solution (d = 1 cm) R(5,6) 1.412 A(4,5,6) 117.4 (6)
I. noa (C=0) 28800+22 478+52 106921  RGD 1.451 AS.7) 1253
2. n—o 7 (C=0)  30,019+19 1,044+ 184 1467=85  RO8) 1.394 A(6.5.7) 117.1 (6)
3. no ' (C=0) 31291 +89 1451+149 198769  R(6:.14) 1.372 AG5,6,8) 121.1 (3)
4. no ' (C=0)  33571+£20 2734+19 5195=+21 R(7.9) 1.530 A(5,6,14) 122.0 (8)
GK4Sm (d = 0.25 cm, r = 1.25 cm) R(7,10) 1.358 A(8,6,14) 116.7 (7)
I. noa (C=0) 29461 +65  136+18 1497151 ROI12) 1521 AB7.9) 1206 (7)
2. CTT O* — Sm™ 33,584 + 17 3,751 +27 4,484 + 41 R(10,11) 1.445 AG,7.10) 120.1.(0)
R(11,13) 1.219 A(9,7,10) 119.2 (0)
well-known electronic transitions in organic molecules, RAL14) 1.440 A(2,8,6) 1202 )
which are given in Table 1. R(12,13) 1.224 A(7.9,12) H2.1.3)
A number of essential conclusions could be drawn with ~ R(1210) 1.383 A(T.10.11) 1238 (1)
respect to the evolution of the spectra in solution and gel: R(16,17) 1.494 A(0,11,13) 1283 (4)
(1) the method of “‘basic’’ gelation leads to the reproduc- R(17.18) 1.528 A(10.11,14) 1146 )
ible preparation of gels, transparent up to 230 nm; (2) the A(13,11,14) 117.0 (3)
absorption spectrum of GK4Sm changes significantly in AG.12,15) 126.6 3)
comparison to GK4, which is an indication for a complex A(,12,16) 109.8 (2)
formation; (3) the absorption maxima of K4 in solution and A(15,12,16) 1235 4)
in gel is at 327 nm and the incorporation of Sm>* leads to A(6,14,11) 122.2 (0)
60 nm change; and (4) there are significant differences in A(12,16,17) 1154 4)
the full half-widths and relative absorption intensities after A(16,17,18) 110.8 (5)
the doping of K4, suggesting an effective incorporation of ~ Dihedral angles (°)
the coumarin molecules in the silica gel network. Name definition Name definition
Gaussian analysis results from gels doped with K4 and D(4,1,2,3) 179.9 D(14,6,8,2) 179.9
Sm®* are summarized in Table 1. The peak maxima x,,  D(4,1,2,8) 0.0 D(5,6,14,11) 0.1
integrated absorbance A and full half-width  are presented. D(2,1,4,5) 0.0 D(8,6,14,11) 179.9
Additional weak absorption peaks arising from Sm** f-f  D(1,2.8.6) 0.0 D(5.7,9,12) 130.4
transitions at 27649 cm™', 26652 cm™', 24861 cm™,  D(32.8.6) 179.9 D(10,7,9,12) 50.9
23920 cm™', 21559 cm™' and 20893 cm™' also appear in  D(1,4,5,6) 0.0 D(5.7,10,11) 0.0
the spectrum. The peaks due to f-f transitions are in D(1,4,5,7) 179.7 D(9,7,10,11) 178.5
agreement with theoretical expectations and measurements  D(4,5,6,8) 0.0 D(7,9,12,15) 102.3
as published in [33]. The strong peak due to charge transfer D(4.,5,6,14) 179.9 D(7.9,12,16) 77.9
transition (CTT) O — Sm>" is at 33584 !lcm™’, the peak  D(7,5,6,8) 179.8 D(7,10,11,13) 179.9
at 280 nm is in good agreement with measurements given  p(75,6,14) 0.1 D(7,10,11,14) 0.1
in [34]. As a result of the Sm-doping the peak maxima in  p4.57,9) 13 D(10,11,14,6) 0.0
GK4Sm is blue shifted compared to the peak maxima of  p4 57 10) 179.8 D(13,11,14.,6) 179.9
GK4. D(6,5,7.9) 178.3 D(9,12,16,17) 179.0
Figure 4 represents the luminescence spectra of K4 in D(6.5.7.10) 0.1 D(15,12,16,17) 11
EtOH solution and in xerogel and gel co-doped with K4 D(5.6.8.2) 0.1 D(12.16,17,18) 776

3 .
and Sm~*, which were measured at room temperature.
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Fig. 4 Emission spectra: a 1.13 x 10*M EtOH solution of K4,
solution K4/Sm>" = 1:2 and solution K4/Sm™* =1:3; b GK4 and
GK4Sm

All the samples are excited with A, = 327 nm which
corresponds to the absorption maxima of n — 7 transition
due to the C = O group in K4 molecules and have strong blue
luminescence at 395 nm (25,316 cm™"). The ethanol solu-
tion of K4 displays an additional peak at about 490 nm
(20,408 cm™); the GK4 has luminescence maxima at
400 nm (25,000 cm™) and 480 nm (20,833 cm™), the
GK4Sm at395 nm (25,316 cm*l)and460 nm (21,739 cmfl),
and the solution K4/Sm>* = 1:3 at 460 nm (21,739 cm™).

Our spectroscopic results in Table 1 give an indication
that the incorporation into the gel network is a preferred
way for coumarin incorporation into xerogels. According
to [35] silica gels consist of SiO, tetrahedra, which are
connected only by its corners and not by their edges of
faces. The most probable sites of the large coumarin
molecules in the silica network should be the free space
between the SiO, tetrahedra.

The formation of coumarin complexes is important for
the spectral properties of the investigated gels. Complex
formation in systems containing coumarin and rare earth
ions is discussed in [8,9].

Samarium-doped gels do not produce f-f luminescence
at room temperature, which gives an indication that the
Sm(III) ion is closely surrounded by H,O molecules or OH
groups, and do quench the rare earth luminescence
[14-16,36]. The absence of luminescence of Ho(IIl) in

silica gels is a well-known fact, but in contrast the same ion
displays a strong luminescence at room temperature in
oxide hosts [12,13].

According to the literature data, the Sm>* complexes
with coordination number 8, similar to [Sm(L), X H,O]*",
are characterized with the bands at luminescence spectrum,
346 nm and 468 nm [37]. This result assumed that the
Sm™ jon forms a complex with K4 with same coordination
number. As far as the first band in our case is concerned, it
is typical for pure compound embedded in the gel matrix,
and the origin of the similar one in the spectrum of the
GK4Sm system is due to K4. However, the band at 468 nm
arises from the transitions from the emitting 4Gs), level to
the ground °H; levels. The broad band, which is not orig-
inated from Sm>*, may be responsible for the intraligand
emission. An energy transfer from the defects in the SiO,
matrix to the Sm-K4 complex could be another possibility
for improving the luminescence properties of hybrid
materials based silica xerogels [14—16,36].

Theoretical and experimental IR-data

The important question about the interactions between K4
and gel, without modifying (G30) or Sm**~K4 interactions,
which could be affected by the IR-spectroscopic and UV-
properties of K4, requires a study on the IR-spectra of the
pure K4 in solid state, in gel matrix and in the presence of
the Sm** ions. The adequate examination of the influence
of the medium on the peak position and integral absorb-
ancies of IR-spectroscopic bands requires the knowledge of
the origin of corresponding maximum in the IR-spectrum
of compound studied as well as the influence of the
intermolecular interactions on the IR-characteristic bands
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Fig. 5 Theoretical, predicted IR-spectrum of K4 at B3LYP/6-
3114++G** level of theory and basis set (non-scaled)
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position in solid state. For this reason, a preliminary the-
oretical vibrational analysis could helpin the adequate
assignment of each band to corresponding vibrational
mode.

The theoretical IR-spectrum of K4 in gas phase is pre-
sented in Fig. 5. In both cases, a comparison between the

Fig. 6 A IR-spectra of K4 (1),

(A)

calculated spectra and the experimental ones [Fig. 6A (1),
(3)] in solid state is performed. The predicted IR-spectrum
of K4 is characterized with the highest absorption maxi-
mum at 3389 cm™' assigned to stretching mode of OH
group (voy). The bands at 3120-2945 cm™ IR-region
corresponds to in plane (i.p.) modes of benzene ring as well

Gel30 (2), GK4 (3) and GK4Sm
(4). B Reduced IR-spectra: (1)
K4 with subtracted solvent
molecules (H,0), which are not
interacted; (2) G30 with
subtracted solvent molecules
(H,0), which are not interacted;
and (3) GK4 with subtracted
solvent molecules (H,O), which
are not interacted, and G30
matrix bands
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as of symmetric and asymmetric stretching CH, and CHj
modes. The 1750-1500 cm™ IR-spectroscopic region
shows series of bands with mixed character starting with
the 1735 cm™' peak with predominant ve_o character of
exocyclyc C=0O band (Scheme 3 A in Supplementary
material). The maximum at 1696 cm™ assigned to vc—g of
ester carbonyl group (Scheme 3B in Supplementary
material). The band at 1591 cm™ was originated from i.p.
stretching vibration of benzene ring (i.e., 8a, according to
Wilson’s notation [38]) (Scheme 3C in Supplementary
material). The intensive peak at 841 cm™ belongs to out-
of-plane (0.p.) mode of the last fragmentor 11-ycy
(Scheme 3D in Supplementary material).

The conventional IR-spectra of G30, K4, and systems
GK4 and GK4Sm are presented in Fig. 6A. The highest
absorption peak in the spectrum in Fig. 6A (1) is at
3224 cm™ and the obtained difference between theoretical
and experimental data of Avoy of 165 cem™! s explained
with the participation of OH group in intermolecular
hydrogen bonding. The intensive peaks in 1800—1600 cm™
of vc_o are low frequency shifted with Avc_g of 23 cm™
and 15 cm™ is also explained with intermolecular inter-
actions. The characteristic maxima for i.p. (8a) and o.p.
(11-ycp) of benzene ring are practically uninfluenced due
to the absence of any interaction. The differences between
theoretical and experimental values of these and also other
maxima for benzene ring are less than 5 cmfl, thus
showing an excellent correlation and the good applicability
of used theoretical approximation.

As could be seen, the IR-spectral patterns in Fig. 6A
(2-4) are practically identical and are similar to IR-spec-
trum of G30 [Fig. 6A (2)]. The obtained strong overlapped
effect of matrix and IR-spectral patterns of investigated
compounds resulted in a difficult interpretation of the
embedded compound. However, the application of the
reducing-difference procedure for non-polarized IR-spectra
resulted in reduced IR-curves as shown in Fig. 6A. In
spectrum on Fig. 6A (3) the characteristic maxima of K4 in
the system GK4 are observed.

However, the detailed explanation of the processes in
examined relatively difficult system requires the assign-
ment of IR-bands of all components separately, similar to
pure compound K4 stated above. Starting with the reduced
IR-spectrum of pure G30 after the subtraction [Fig. 6B (2)]
of the bands of H,O included in the system with the used
KBr powder preparing the KBr-pellets [bands at 3400 cm ™"
and 1627 cm™!; Fig. 6A (2)]. The deconvolution and
curve-fitting procedure applied to the spectrum in Fig. 6A
(2) resulted in a series of maxima where the bands in
3700-3100 cm™" and about 1660 cm™ correspond to two
stretching and banding modes of H,O molecules intermo-
lecular interacting to two manners, due to only two dgo0
peaks are obtained. These maxima are obtained in the same
wave numbers as well in the system GK4 assuming the
absence of interactions between matrix and embedded
compound K4. Additional confirmation of this assumption
follows analysis the IR-absorption peaks of K4 in the
spectrum in Fig. 6A (3). As could be seen, all the

Fig. 7 Reduced IR-spectra of
the systems GSm (1) and
GK4Sm (2)
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characteristic peaks of K4 are practically unchanged and
difference less than 1 cm™ is obtained [compare spectra in
Fig. 6A (1) and 6A (3)].

The investigation of the system GK4Sm matrix starting
with the analysis of Sm’* salt embedded in the matrix
(GSm). The reduced IR-spectrum after elimination of the
matrix IR-bands is presented in Fig. 7 (1). The curve-fitting
procedure arised the maxima at 3613 cmfl, 3503 cmﬁl,
3367 cm™' and 3231 cm™' corresponding to stretching
vibration modes of H,O as well as the bands at 1673 cm!
and 1636 cm™ corresponding to bending H,O ones. This
means that Sm®* ion is coordinated with two different types
of H,O molecules. As far as the typical coordination
numbers of Sm>* are 6 and 8 [37,39-42] it could be
assigned that in the octahedral Sm(II)(H,0)z* complex,
the equatorial four equivalent molecules are characterized
with stretching bands at 3503 cm™' and 3231 cm™ as well

Scheme 2 Chemical diagram of Sm>* complex with K4

Scheme 3 Transition moments
in K4

@ Springer

as of the 1673 cm™' bending vibration. The axial molecules
as weaker coordinated, their characteristic peaks are at
3613 cm™', 3367 cm ™! and 1636 cm™'. The comparison of
the reduced IR-spectrum of GSm and this of GK4Sm the
following conclusions could be drawn. In the spectrum of
the last system the maxima for axial H,O molecules are
disappeared and only for equatorial ones are obtained. As
far as K4 is concerned, it does not contain H,O molecules
[see spectrum in Fig. 6A (3)], the discussed bands corre-
spond to solvent included in the inside coordination sphere
of Sm(IIT). The band of vc_g in K4 of exocyclic C=0
group is low frequency shifted in the system GK4Sm with
8 cm™' and is observed at 1705 cm™'. Similar tendency is
obtained for v**coc and v'coc at 1100 cm™ and 910 cm™
[Fig. 6A (1)] in K4, where the low frequency shifting is
with 9 cm ™ and 11 ecm™, respectively [see Fig. 7 (2)]. The
band of vc_o of ester carbonyl group is practically unaf-
fected and is obtained at 1680 cm™'. The o.p. 11-pcy
maximum is practically uninfluenced, which is typical for
other Sm>* complexes [37,39-42]. These data assumed a
formation of the Sm(II) complex with K4 in the last sys-
tem studied with an assumed structure, presented in
Scheme 2,3 where the coordination number of metal ion is
8 and the geometry of the chromophor SmOg is slightly
distorted capped-square-antiprism polyhedron. The data
correlated well with the UV- and luminescence result dis-
cussed before. Moreover, the lanthanide complexes of
types [LnL, x H,O]*, where Ln = Sm**, Eu**, Gd**, Tb**
and Hp®* have been studied by single crystal X-ray
differaction and the data show a coordination number 8 of
the metal ions [37,39-42].

Conclusions

Synthesis, NMR, IR-, UV/Vis, and luminescence spectro-
scopic and theoretical investigations of new monolith
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materials with potential optical application, based on
sol-gel technology of incorporated organic molecule [ethyl
2-(7-hydroxy-2-oxo0-2H-chromen-4-yl)-acetate] and Sm>*
ions are reported. The preparation of large crack-free,
transparent SiO, xerogels doped with coumarin molecules
or co-doped with coumarin molecules and Sm>" ions is
possible by using a sol-gel preparation schema based on
soft drying conditions at room temperature. Both absorp-
tion peak maxima and relative intensities of the coumarin
molecules are changed after incorporation of Sm** ions in
the gel network, which gives an indication for complex
formation. The structure of the coordination compound is
obtained by means of the IR-spectroscopic analysis using
the reducing-difference procedure for non-polarized IR-
spectra interpretation. Coumarin interacted bidentately
through two O-atoms from exocyclic C = O and lactonic
groups with metal ion forming the [Sm(III)L, X
(H>0)4] X (NO3)3. The geometry of the SmOg chromophor
is slightly distorted capped-square-antiprism polyhedron.
The IR results suggest that the gel matrix did not interact
with doped organic compound.
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