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The sol-gel process is very effective for the preparation of new materials with potential applications in 
optics, sensors, catalyst supports, coatings, and specialty inorganic polymers that can be used as hosts for the 
accommodation of organic molecules. The low temperature employed in the process is the main advantage 
of this methodology. In this work, the europium (III) complex with 1,10-phenantroline was prepared, and 
this luminescent complex was incorporated into silica nanoparticles and films by the sol-gel process. The 
nanoparticles were obtained by the modified Stöber methodology. The films were obtained by the dip-coating 
technique, at different deposition rates and numbers of layers. The nanoparticles and films were characterized 
by photoluminescence, thermal analysis, and Raman and infrared spectroscopies. Characterization revealed that 
the europium (III) complex was not affected upon incorporation into the nanoparticles and films, opening a new 
field for the application of these materials.
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1. Introduction

The sol-gel process has been extensively studied over the last 
years because it enables the easy preparation of new materials that 
can be applied in several areas1-3. Multifunctional materials can be 
obtained by the sol-gel methodology by using low temperatures and 
organic (alkoxide) and inorganic (salt) precursors. The sol-gel process 
is based on hydrolysis and condensation reactions4-6. Properties such 
as the viscosity and gelation time are essential for the formation of 
the hybrid matrices (organic-inorganic) and have demonstrated the 
versatility of this methodology for the preparation of monoliths, films, 
fibers, powders, and nanoparticles3,7–17.

The current interest in the incorporation of luminescent species 
into host matrices is due to their application in solid state laser, 
chemical sensors, waveguide, and others. The sol-gel process can be 
employed in the preparation of luminescent glasses due to its ability 
to furnish doped structures. Rare earth ions are used as luminescence 
elements when incorporated in several matrix. The Eu (III) ion, in 
particular, allows the synthesis of several materials to be followed 
because its emission spectra, which depend on the surroundings of 
the ion19-26.

Thin films can be obtained by the sol-gel methodology using the 
spin27 and dip-coating28-31 technique, which enables adjustment of the 
microstructure through composition of the sol and the relative ratio 
between condensation and evaporation. The interest in thin films has 
increased because of their various applications, mainly in waveguide 
for integrated optics28,32,33 and other34,35

The preparation of thin films containing a rare earth complex by 
the sol-gel process for use as luminescent materials is advantageous 
due to the possibility of doping control36. Several studies using this 
methodology have been carried out, and they have provided informa-
tion about the morphology and thermal stability of the films through 
the luminescent properties of the compounds incorporated into the 
films29–31,37.

In this work, the study of the luminescent properties of the euro-
pium (III) complex with 1,10-phenantroline incorporated into thin 
films and nanoparticles of silica obtained by the hydrolytic sol-gel 
process were evaluated for their potential applications as luminescent 
materials. The silica films were prepared by the dip-coating technique 
with different deposition rates and numbers of layers. The silica na-
noparticles were obtained by the modified Stöber methodology. The 
materials obtained were characterized by Thermal Analysis (TA), 
Raman and Infrared spectroscopies (FTIR), Transmission Electronic 
Microscopy (TEM), and Photoluminescence (PL).

2. Experimental

2.1. Preparation of the complex in solution

Europium (III) chloride (EuCl
3
) was prepared by dissolv-

ing europium (III) oxide (Aldrich), calcined at 900 °C for 
2  hours in HCl  6  mol.L–1 (Merck). The ethanolic EuCl

3
 solution 

(1.0 × 10–1 mol.L–1) was obtained by addition of ethanol.
The europium (III) complex with 1,10-phenantroline was pre-

pared under stirring by firstly adding 200 mg 1,10-phenantroline 
to 10.0 mL solvent (ethanol). Then, 2.0 mL of the europium (III) 
chloride ethanolic solution was added to the former solution and, 
after half an hour, 18.0 mL ethilic ether was poured into the resulting 
mixture and the complex precipitated. The solid power complex was 
filtered, washed and dried at 50 °C for 4 hours38. The thermal analysis 
confirmed the europium (III) complex was formed.

2.2. Sol preparation

The sol was prepared using silicon alkoxide tetraethylorthosilicate 
(TEOS, Aldrich) and ethanol as solvent. Then, 1% of the Eu (III)-phen 
complex 1.0 × 10–1.mol.L–1 (molar ratio in relation to silicon) was 
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added to the sol under stirring. An ammonium ethanolic solution was 
used as catalyst. After 30 min, the films were deposited on a glass 
substrate. The ammonium ethanolic solution was prepared by burble 
ammonium vapour in the ethanol.

2.3. Film deposition

The films were obtained by using the dip-coating technique. The 
sol prepared was used to deposition films. The deposition rates were 
10, 50, 100, 200, and 300 mm/min; the numbers of layers were 1, 2, 
and 3. The films were dried at room temperature (~25 °C).

2.4. Nanoparticles

After films deposition, the solvent(ethanol) was evaporated and 
the powder was obtained. The solid was washed with ethanol and 
dried at 65 °C for one day.

2.5. Sample characterization

2.5.1. Themal Analysis (TA)

Thermal analysis was carried out in a thermal analyzer (TA – 
Instruments – SDT Q600 – Simultaneous DTA-TG) under nitrogen 
atmosphere, at a heating rate of 20 °C/min, from 25 to 900 °C.

2.5.2. Infrared (FTIR)

The infrared absorption spectra were obtained with a Mattson 
7000 spectrophotometer with Fourier transform, using the KBr pel-
let technique.

2.5.3. Transmission Electron Microscopy (TEM)

The morphology of the system was investigated using transmis-
sion electron microscopy (Philips® CM 200 TEM, operating voltage 
200 kV) to examine a drop of powder suspension deposited on a 
copper grid.

2.6. Raman

The Raman spectra were obtained on a Raman System Ocean 
Optics spectrophotometer with a laser diode 785 nm and detector 
CCD of 2048 elements.

2.7. Photoluminescence (PL)

Photoluminescence data were obtained under continuous Xe lamp 
(450W) excitation in a spectrofluometer SPEX – Fluorolog II, at room 
temperature. The emission was collected at 90 °C from the excitation 
beam. The slits were placed at 2.0 and 0.5 mm for excitation and 
emission, respectively, giving a band width of 7.0 and 1.0 nm. Oriel 
58916 (exc.) window until 550 nm and Corning 97612 (em.) window 
after 500 nm, the filters were employed to remove the harmonic of 
the wavelength. All the spectra were corrected, with the software ap-
paratus, for the lamp intensity and photomultiplier sensitivity at the 
monitored wavelengths. Decay curves were measured with a SPEX 
1934 phosphorimeter, Xe lamp (5 J/pulse).

3. Results and Discussion

3.1. Europium III complex

3.1.1. Thermal Analysis (TA)

The termogravimetric curve (TG) and its derivative (DTG) re-
vealed three weight losses for the synthesized Eu(III)-phen complex. 
The first loss occurred from 67 to 154 °C and was ascribed to water 
molecules present in the complex. The second mass loss event took 

place between 255 and 531 °C, and it is due to the decomposition 
of organic compounds (1,10-phenantroline). The last loss, which 
occurred above 800 °C, refers to europium III oxide formation. Cal-
culations led to the following molecular formula for the complex: 
[Eu(phen)

3
(H

2
O)

6
]Cl

3
.

3.2. Infrared (FTIR) and raman spectroscopies

Formation of the [Eu(phen)
3
(H

2
O)

6
]Cl

3 
complex was investi-

gated by FTIR and Raman spectral analysis. The FTIR spectrum of 
1,10-phenantroline displays bands corresponding to the vibration 
modes C-H (3058 cm–1), C = N (1648 cm–1), and C-N (1332 cm–1). 
In the spectrum of the [Eu(phen)

3
(H

2
O)

6
]Cl

3 
complex, the vibration 

mode corresponding to C = N shifted to 1621 cm–1, which indicates 
that the complex was indeed formed.

The Raman spectrum of 1,10-phenantroline display a band at 
1594 cm–1, corresponding to the vibration modes C-C

arom
 of this ligand. 

As for the [Eu(phen)
3
(H

2
O)

6
]Cl

3 
complex, this band was displaced to 

lower wavenumber (1586 cm–1), which once more gives evidence of 
the formation of the complex.

3.3. Photoluminescence (PL)

Both ligand-to-metal (LMCT) and metal-to-ligand (MLCT) 
transitions are allowed by Laporte’s selection rule. Their energy 
is usually very large, so that they appear in the UV above 250 nm, 
except for the ions which may be relatively easy to reduce to their 
+ 2 state (Sm (III), Eu (III), Tm (III), Yb (III)) or oxidize to their 
+ 4 state (Ce (III), Pr (III), Tb (III)). In these cases, the broad charge 
transfer transitions may occur at energies as low as 330 nm. For the 
other ions, any assignment of LMCT transition below 250 nm must 
be considered dubious39. This excitation spectrum is typical of com-
plexes described in the literature as having the maximum intensity 
appearing at 370 nm40, 41.

Figure 1 shows the excitation spectrum of the [Eu(phen)
3
(H

2
O)

6
]Cl

3
 

complex monitored at 615 nm, which corresponds to the 5D
0
 → 7F

2
 

transition.
The excitation spectrum consists of a maximum peak at 356 nm. 

The excitation bands are due to the absorption of the ligands and 
f–f electron transitions of Eu (III). The absorption band at 356 nm 
is ascribed to the π → π* band of the phen ligand. The wide band 
belongs to the ligand-metal charge transfer band (LMCT).

Figure 2 depicts the emission spectra of the [Eu(phen)
3
(H

2
O)

6
]Cl

3
 

complex monitored at 356, 394, and 465 nm.

Figure 1. Excitation spectrum of the [Eu(phen)
3
(H

2
O)

6
]Cl

3
 complex, 

λ
em

 = 615 nm.
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The energy levels of trivalent rare earth ions arising from the 4fn 
configuration, 4fn electrons are well shielded from the surroundings. 
Emission transitions yield, therefore, sharp lines in the spectrum42. 
The emission spectrum of the [Eu(phen)

3
(H

2
O)

6
]Cl

3 
complex displays 

bands at 579.9 nm (5D
0
 → 7F

0
); 591.6 and 595.2 nm (5D

0
 → 7F

1
); 612.8 

and 618.2 nm (5D
0
 → 7F

2
); 649.8, 652.2 and 654.5 nm (5D

0
 → 7F

3
); 

690.7, 695.4, 699.5 and 704.3 nm (5D
0
 → 7F

4
). The large magnitude 

of the spin-orbit coupling in lanthanides causes the individual J levels 
of the various electronic terms to be well separated from each other, 
except for the gound 7F

0
 and emissive 5D

0
 states of Eu (III), which are 

non-degenerated. The highly forbidden 5D
0
 → 7F

0
 transition of Eu (III) 

is particularly important in that only a single transition is possible for 
a single Eu (III) ion environment43. The emission spectrum shows only 
one band in this region, indicating that the Eu (III) ion occupies one 
site in the complex. The 5D

0
 → 7F

0
 transition is only observed when 

Eu (III) occupies a site without a symmetry center44. In the case of 
the present study, the emission spectrum agrees with the symmetry of 
complex, which corresponds to the D

3
 punctual group. The maximum 

wavelength for the transition 5D
0
 → 7F

J
 (J = 0, 1, 2, 3 and 4) did not 

change when the samples were excited at different wavelengths, giv-
ing further evidence that there is one Eu (III) ion site.

3.4. [Eu(phen)
3
(H

2
O)

6
]Cl

3
 complex incorporated into  

silica nanoparticles

3.4.1. Themal Analysis (TA)

The thermogravimetric curve and its derivative revealed two 
distinct weight loss stages for all the samples. The first loss occurred 
at 150 °C and corresponded to a loss of 8.29%, which is ascribed 
to water and solvent molecules adsorbed on the matrix. The second 
stage, which took place between 150 and 650 °C and corresponded 
to a mass loss of 3.80%, is due to the decomposition of the organic 
groups present in the [Eu(phen)

3
(H

2
O)

6
]Cl

3 
complex. The 87.01% 

weight loss at 900 °C is ascribed mainly to the silica (SiO
2
) and a 

little fraction of europium (III) oxide (Eu
2
O

3
).

3.5. Transmission Electron Microscopy (TEM)

TEM can provide structural information about materials, such as 
particle shape, size, and crystallinity. Figure 3 presents TEM images of 
the europium complex in the silica matrix SiO

2
:[Eu(phen)

3
(H

2
O)

6
]Cl

3
.

The TEM image revealed the formation of nanoparticles with an 
average size of 30 nm, with an initial process of particle sinteriza-
tion. The form of the particles is not defined, which is probably due 
to incomplete hydrolysis and condensation of the precursor TEOS. 
The material is not formed by dense particles.

3.6. Photoluminescence (PL)

Figure 4 shows the excitation and emission spectra of the silica 
nanoparticles doped with the [Eu(phen)

3
(H

2
O)

6
]Cl

3
 complex.

The excitation spectrum shows a large band centered at 294 nm, 
which is a typical ligand-metal charge transfer band (LMCT). How-
ever, when compared with the spectrum of the [Eu(phen)

3
(H

2
O)

6
]Cl

3
 

complex, this band shifts from 356 to 294 nm, which is attributed to 
interaction between the complex and the matrix.

The emission spectrum presents the characteristic line of the 
Eu (III) ion 5D

0
 → 7F

J
 (J = 0, 1, 2, 3, and 4) transition. The difference 

between the emission spectra of the [Eu(phen)
3
(H

2
O)

6
]Cl

3
 complex 

and the same complex incorporated into the silica is related to band 
width. In this case, the electronic transition can be affected by changes 
in the surroundings of Eu (III), thereby promoting a non-homogeneous 
environment around the ion and leading to band widening.

Figure 2. Emission spectra of the [Eu(phen)
3
(H

2
O)

6
]Cl

3
 complex excited at 

different wavelengths, a) 356 nm, b) 394.5 nm, and c) 465 nm.

Figure 3. Transmission Electron Microscopy (TEM) of the silica matrix doped 
with the [Eu(phen)

3
(H

2
O)

6
]Cl

3
 complex. 

Figure 4. Excitation and emission spectra of the [Eu(phen)
3
(H

2
O)6]C

l3
 com-

plex incorporated into the silica matrix, λ
em

 = 610 nm; λ
exc.

 = 294 nm.



74 Sousa et al. Materials Research

3.7. [Eu(phen)
3
(H

2
O)

6
]Cl

3
 complex incorporated into  

silica thin films

Figure 5 depicts the excitation spectra (monitored at 612 nm) 
of the silica matrix doped with the [Eu(phen)

3
(H

2
O)

6
]Cl

3
 complex 

and deposited on glass substrate at different deposition rates by the 
dip-coating technique.

The spectra display a large excitation band with maximum cen-
tered at 270 nm, ascribed to the ligand-metal charge transfer band 
(LMCT). The shift of the maximum with relation to the complex 
incorporated into the non-deposited silica matrix (294 nm) can be 
due to interaction between the complex, the silica matrix and the 
glass substrate.

Figure 6 presents the emission spectra of the [Eu(phen)
3
(H

2
O)

6
]Cl

3 

complex in the silica films deposited at different deposition rates and 
excited at 270 nm (LMCT).

The emission spectra of the [Eu(phen)
3
(H

2
O)

6
]Cl

3 
complex 

in the films displayed the bands corresponding to the electronic 
transitions from the excited state 5D

0
 to the fundamental state 7F

J
 

(J = 0, 1, 2, 3, and 4) of the Eu (III) ion. The spectra are similar 
to that observed for the complex in the silica matrix, indicating 
that [Eu(phen)

3
(H

2
O)

6
]Cl

3
 is not affected upon incorporation into 

the film. The relative intensity increases with increasing deposi-
tion rate. The spectra of the complex in the film excited at the 5L

6
 

(393 nm) level is very weak; the energy may correspond to ion 
– substrate transfer, and the blue emission in the 500 nm region 
can be due to the substrate.

The excitation spectra of the [Eu(phen)
3
(H

2
O)

6
]Cl

3
 complex in-

corporated into the silica films deposited with different numbers of 
layers had similar behavior. The LMCT appeared at 272 nm. Figure 7 
shows the emission spectra for the complex in the films excited at 
272 nm to films contend different number of layer.

There are not significative difference between emission spectra 
of the europium III complex incorporated in the nanoparticles and 
the films. This is an indicative that the compounds can be doped the 
nanosilica matrix in the particles form or thin films, do not change 
its characteristic luminescente properties.

4. Conclusion

Organic molecules that can absorb energy and transfer it to a 
metallic ion can be used to increase the quantum efficiency in a 
process known as the antenna effect. In this work we observed that 
the 1,10-phenatroline ligand can efficiently absorb and transfer en-
ergy to the Eu(III) ion when i) they form the [Eu(phen)

3
(H

2
O)

6
]Cl

3
 

complex in solution, ii) the [Eu(phen)
3
(H

2
O)

6
]Cl

3
 complex is in-

corporated into a silica matrix, iii) when the silica doped with the 
[Eu(phen)

3
(H

2
O)

6
]Cl

3
 complex is deposited as a thin film. The sol-

gel methodology enabled incorporation of the [Eu(phen)
3
(H

2
O)

6
]Cl

3
 

complex into the matrix, which may be further employed as a light 
emission device.

The silica nanoparticles doped with the [Eu(phen)
3
(H

2
O)

6
]Cl

3
 

complex present good thermal stability (~ 350 °C), suggesting that this 
material can be applied in systems requiring high temperatures.

The luminescence properties of the [Eu(phen)
3
(H

2
O)

6
]Cl

3
 com-

plex are not affected upon its incorporation into the silica nanopar-
ticles or nanoparticle deposition as thin film. This is important for 
its potential applications as luminescent materials, such as photonic 
materials, optical fibers, sensors, among others.

Figure 5. Excitation spectra of the [Eu(phen)
3
(H

2
O)

6
]Cl

3
 complex incorporated 

into the silica films deposited at different rates, a) 10 mm/min, b) 50 mm/min, 
c) 100 mm/min, d) 200 mm/min, and e) 300 mm/min. λ

em
 = 612 nm.

Figure 6. Emission spectra of the [Eu(phen)
3
(H

2
O)

6
]Cl

3
 complex incorporated 

into the silica films deposited at different rates, a) 10 mm/min, b) 50 mm/min, 
c) 100 mm/min, d) 200 mm/min, and e) 300 mm/min. λ

exc.
 = 272 nm.

Figure 7. Emission spectra of the [Eu(phen)
3
(H

2
O)

6
]Cl

3
 complex incorporated 

into the silica films with different numbers of layers, a) 1 layer, b) 2 layers, 
and c) 3 layers. λ

exc.
 = 272 nm.
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