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Abstract:
Introduction. Through embedding various photoluminescent compounds in a silica matrix followed by the
specific procedures for obtaining aerogels, a new class of materials could be obtained by a relatively
straightforward preparation method. Luminescent aerogels might be the optimal solution in applications
where stability in various environmental conditions or when thermal stability is required. In this work, a new
developed Tb(III)-N-hydroxysuccinimide highly luminescent complex was embedded in silica matrix, through a
sol-gel process followed by ageing and supercritical drying, leading to an aerogel with remarkable
photoluminescence.

Methods. Tb(III)-N-hydroxysuccinimide complex was investigated through chemical analysis, EDX and FT-IR.
The thermal stability was studied and X-ray powder diffraction was used for investigation of the unit cell
parameters. Also fluorescent emission/excitation spectra and SEM micrographs were recorded. The
photoluminescent aerogel was further investigated. The mesoporous structure of aerogel was highlighted by
BET and SEM analysis.

Results and Discussion. The investigation methods revealed the formation of the complex at 1:3, metal to
ligand ratio, having the general formula: [TbL3(H2O)3]. The most intense emission peak is centered at 543 nm.
The recorded FT-IR spectra of both free complex and aerogel embedded complex revealed the specific
absorption bands of silica matrix and that of the complex which sustain its preservation in the aerogel. Also, in
case of aerogel, the fluorescence spectrometry revealed the specific radiative transitions found in the free
complex. SEM images suggest that the complex is rather attached on the solid aerogel structure than located
in its pores.

The paper presents the preparation and characterization of a photoluminescent silica aerogel based on a new
developed Tb(III)-N-hydroxysuccinimide complex whose suggested molecular formula was confirmed by the
mentioned investigation methods. The thermal stability of complex is highly improved by embedding in silica
aerogel while its photoluminescent properties are still preserved.
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Photoluminescent silica aerogel containing a new prepared
N-Hydroxysuccinimide –Tb(III) complex

For investigation purposes a [TbL3(H2O)3] complex is prepared by mixing aqueous solutions of terbium
chloride and N-hydroxysuccinimide as ligand with concentrations corresponding to 1:3 metal to
ligand.
Then an aqueous solution of the prepared complex was introduced during the sol-gel preparation of
the silica matrix which was further processed for aerogel obtaining. Silica matrix was prepared
using TEOS as precursor under base catalytic conditions. After the gelation process is completed
the gel is aged in Et-OH for at least 48 hours. The obtained alchogel is finally dried by exchanging
the ethanol with liquid CO2 in a pressure vessel followed by supercritical evaporation. Both, free
complex and aerogel were investigated through thermal analysis, FT-IR, powder X-ray diffraction,
SEM and fluorescence spectroscopy.
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The synthesis of aerogels with photoluminescent compounds embedded in their structure opens a
number of interesting perspectives for applications in various fields, especially in optoelectronic
devices, which can benefit from their specific features, such as very low density, low refractive
indices or exceptional thermal stability.

In this work, a new Tb(III)–NHSI complex was prepared and investigated prior to embedment in the
silica matrix. Also the paper describes the preparation of a photoluminescent aerogel by embedding
of the new prepared Tb(III) complex in a silica matrix followed by solvent exchange and
supercritical drying.

Recorded FT-IR spectra for:(a) free [TbL3(H2O)3] complex,
(b) unloaded aerogel and (c) aerogel with embedded complex

Recorded diffractograms for the photoluminescent aerogel
and for the unloaded aerogel sample

Recorded thermal behavior for the free [TbL3(H2O)3]
and aerogel with embedded complex

SEM images recorded for the photoluminescent aerogel
(a) 10 k resolution (b) 50 k resolution

BET
Surface
(m2/g)

Specific cumulative
pores surface (m2/g)

Medium pore
diameter (nm)

Cumulative pores
volume (cm3/g)

Adsorption Desorption Adsorption Desorption Adsorption Desorption

341.977 353.315 431.857 115.765 97.692 1,0225 1,0547

ba

Excitation and emission spectra recorded for
[TbL3(H2O)3] complex / prepared photoluminescent aerogel

 The new synthesized Tb(III) – NHSI complex exhibit strong
photoluminescence as a result of specific radiative transitions within
the Tb(III) cation with the most intense peak located at 543 nm due
to 5D4 → 7F5 transition.
 The prepared aerogel retain the photoluminescent properties of
the Tb(III)-NHSI complex.
 The leaching of the free complex in the solvent medium used in
various stages required by the aerogel preparation was found to be
minimal due the interactions occurred between the functional groups
of the Tb(III) complex and silica matrix.
 The remarkable photoluminescent emission of the prepared aerogel
and also the excitation spectra, conveniently located in the UV-A
region, may recommend it for applications in optoelectronics.
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Conclusions

For the unloaded aerogel the peak located at 1095 cm-1 is
attributed to asymmetric stretching vibration of Si-O-Si bond and
the peaks located at 800 cm-1 and 469 cm-1 are due to the symmetric
stretching vibrations of Si-O-Si group, respectively to the
deformation vibration of O-Si-O bonds.

Spectrum recorded for aerogel with embedded [TbL3(H2O)3] (c)
shows significant changes compared to the unloaded aerogel (b), being
remarked the peaks located at 1637/1560 cm-1, due to C=O carbonyl
groups of the embedded complex. In case of aerogel, these peaks are
shifted to lower values (from 1719/1648 to 1637/1560 cm-1), most
probable due to interactions occurred between these groups and silica
matrix.

Minimal differences noticed between the two diffractograms
recorded are explained by the small amount of complex in the
aerogel volume and also by the interactions between functional
groups of the complex and silica matrix. Recorded photoluminescent
properties due to the complex inserted into the aerogel structure
indicates its presence as crystallites with very small sizes.

The evolution of aerogel within the investigated temperature range is
significantly different compared with the behavior of the free
complex.
A significant improvement of the thermal behavior, especially useful
in case of targeted applications can be noted.

The images show a typical amorphous structure for a silica aerogel. The
distribution of mesopores is not homogeneous, certain areas with a higher degree
of aggregation being observed. This configuration suggests the presence of the
complex rather attached to the solid phase in aerogel structure than in
mesopores, due to the interactions between chemical groups of complex with those
specific to silica matrix.

Results of the BET analysis for the unloaded aerogel sample

The average pore diameter is aprox. 100 nm which indicates a predominant
macroporous structure, most probable due the base catalyst used in the gelation stage.

Significant Tb3+ radiative emission peaks were recorded at 488, 543,
584 and 620 nm due to 5D4 → 7F6, 5D4 → 7F5, 5D4 → 7F4 and 5D4 → 7F2
radiative transitions, the most intense peak being recorded at 543 nm
The recorded excitation spectra presents two peaks centered at 336 and
354 nm. The influence of the silica matrix over the photoluminescent
properties of the complex is negligible, similar spectra being recorded
for the prepared aerogel.
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