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Abstract Eu3?-doped SiO2–Gd2O3 materials were pre-

pared by the sol–gel process changing the Si4?:Gd3? molar

ratio of 100:0, 70:30, 50:50, 30:70 and 0:100 mol%. The

amount of Eu3? was fixed at 0.2 mol% in relation to the

total number of moles of [Si4? ? Gd3?] in the systems.

The xerogels obtained from sols were heat-treated at 900,

1000 and 1100 �C for 8 h. By TGA/DTA, XRD and

Raman spectroscopy analysis, the formation of Gd2O3

crystalline was detected. The microstrains and crystallite

size were calculated by the Williamson-Hall and Scherrer’s

equation, respectively. The results showed the direct

dependence of microstrain and crystallite size as a function

of the heat-treatment temperature. By the FTIR analysis

was observed the elimination of species like H2O, O–H and

C–H groups, which can act as photoluminescence

quenchers. All materials obtained in this work showed

intense photoluminescence emission in the red region due

to the 5D0 ? 7F2 transition of Eu3?. The emission can be

observed through the naked eye. The excited state lifetime

shows to be dependent on values of refractive index and

heat-treatment temperatures. The microstrain values

affected the lifetime values and consequently the photo-

luminescence properties. In summary, the materials

obtained in this work showed great absorption in the

ultraviolet region promoting intense emission in the visible

region, making them potential candidates for future appli-

cations in devices such as solar cells, image generator,

biomarkers, among others.
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1 Introduction

Nowadays, there is a considerable growing quest for

materials that present optical properties capable to con-

tribute with the current demands of technological devel-

opment [1]. In this sense, materials containing Rare Earth

ions (RE3?) have been one of the highlights in the devel-

opment of new systems or even improving the properties of

the existing ones. Among the RE3?, different properties

can be obtained due to different characteristics in the

electronic configuration of these elements. When the RE3?

is embedded in the adequate host matrix, through doping

process for instance [2], different properties like photolu-

minescence [3], magnetic [4], energy conversion [5],

among others, can be obtained. The RE3? has a low

absorption coefficient assigned to the Laport rules, and

when inserted in adequate matrix, the host can act as great

sensitizer for these ions [6].

The Eu3?, for instance, presents specific spectroscopic

characteristics, which makes them an excellent ion for use

in image generating devices, solid-state lasers, and more-

over, its optical properties can be used as a structural

probe. It is possible to excite the matrix in the ultraviolet

region, and it transfers energy to the RE3?, which emits

light through intraconfigurational f–f transitions [7]. This

property makes the materials containing RE3? promising

in the development of more efficient energy-conversion

devices [5].

However, the photoluminescence phenomena of RE3?

are directly dependent on process that contributes to the

excited states deactivation. The excited states responsible

for photoluminescence can be deactivated by the presence

of groups like as C–H, N–H and O–H [8], non-radiative

process [9], among others.

The search of adequate host matrix for RE3? has been

extensively discussed and reported in the literature. The

search for an effective methodology to incorporate these

ions in matrix is essential for the development of efficient

photoluminescent systems. Many routes have been repor-

ted in different works in literature about the versatile and

good way to prepare RE3?-doped materials. Among them

are solid-state synthesis [10], combustion method [11], co-

precipitation method [12], sol–gel process [13], and others.

The sol–gel process is very interesting because it allows to

control the molar ratio as well as the chemical composition of

precursors. Consequently, the sol–gel process allows to

control the refractive index of materials [9], and enables to

increase the solubility of the ions in the host matrix [14, 15].

In literature, there are many works reporting about

binary systems based on RE3?-doped metal oxide–SiO2

obtained by sol–gel process with excellent optical and

structural properties very well discussed. Among some

works, it is possible to cite SiO2–ZrO2 [16], Ta2O5–SiO2

[9], HfO2–SiO2 [17] and SiO2–TiO2 [18] used as a host for

RE3?. These studies have also shown the influence and

properties of RE3?-doped metal oxide embedded in the

silica amorphous phase as matrix.

In this work, the choice of the Gd2O3 as host matrix for

Eu3? is due to the fact that this oxide has a low phonon

energy of lattice, around 600 cm-1 [19], good chemical
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stability, and high thermal stability, allowing it to be pro-

cessed with high temperature of synthesis [20]. Addition-

ally, a few studies reports the use of Gd2O3–SiO2 binary

system as a host for RE3? [21, 22], but still it is necessary

to understand with more detail as the ratio between SiO2

and Gd2O3 affect the photoluminescence of RE3?, and as

the sol–gel process allows to control with accuracy the

composition of the materials.

In this sense, the aim of this work is to obtain and

optimize the system Gd2O3–SiO2 as host matrix for Eu3?

obtained by the sol–gel process. The changing of molar

ratio between Si4? and Gd3? in the matrix composition,

heat-treatment temperature, studying the optical and

structural properties, comparing the behavior of materials

based on Eu3?-doped Gd2O3 and Eu3?-doped SiO2 are the

main focus and challenge of this work.

2 Materials and methods

The experimental procedure used in this work was based on

the same way reported by Ferrari et al. [9]. TEOS (Te-

traethoxysilane—Sigma Aldrich—98 %) was used as pre-

cursor, and the oxides Eu2O3 (Europium oxide—Sigma

Aldrich—99.99 %) and Gd2O3 (Gadolinium oxide—Sigma

Aldrich—99.99 %) were dissolved in hydrochloric acid, and

then, the solvent exchange was performed by anhydrous

ethanol, obtaining individual alcoholic solutions of Eu3? and

Gd3? with concentrations of 0.1 mol L-1. These solutions

were standardized via complexometric titration using EDTA

0.01 mol L-1. To obtain the Eu3?-doped SiO2–Gd2O3-based

materials, the various Si4?/Gd3? ratios were 100:0, 70:30,

50:50, 30:70 and 0:100 mol%, respectively. The systems were

doped with 0.2 mol% of Eu3? in relation to the total number of

moles of [Gd3? ? Si4?]. The corresponding amount of TEOS

was added into a beaker, and HCl was added with 50:1 ratio

TEOS/HCl, and the total volume was diluted to 10 mL with

anhydrous ethanol P.A. In the second beaker, the exact vol-

ume of anhydrous ethanol solution containing Gd3? and the

exact volume of solution containing Eu3? were added, and

finally, the volume was diluted to 10 mL with anhydrous

ethanol, under constant stirring. Both solutions were stirred

for 15 min. Then, the TEOS solution was added to the metal

solution, and constantly stirred for 15 min to homogenize the

solution to obtain the sol. Then, the sols obtained containing

different relationships between Si4? and Gd3? were kept in an

oven of approximately 100 �C for 24 h to obtain the xerogel,

which was crushed in an agate mortar and submitted to heat

treatment at 900, 1000 and 1100 �C for 8 h.

The thermal stability of xerogels obtained were analyzed

from room temperature up to 1000 �C operating a Ther-

mogravimetric and Differential Thermal Analyzer (TGA/

DTA; DTG-60H, Shimadzu, Maryland, USA) under

synthetic air atmosphere, and a heating rate of 10 �C/min.

The powders crystalline structures were characterized by

X-ray diffraction spectroscopy (XRD) using the diffrac-

tometer model XRD 6000, Shimadzu, using Cu

Ka = 1.5418 Å radiation, graphite monochromator, step of

0.02� degrees with 2h region between 10� and 80�. Based

on the diffraction patterns obtained, the crystallite sizes

were calculated using Scherrer’s equation. The materials

were also characterized by Raman spectroscopy using a

Raman spectrometer (LabRAM HR, Horiba Jobin–Yvon

Inc., New Jersey, USA) with laser as excitation source at

632.8 nm. The materials obtained were also characterized

by Fourier transform infrared spectroscopy (FTIR) to ver-

ify the presence of possible photoluminescence deactivator

groups. The samples were macerate in an agate mortar with

100 mg of KBr. and were kept under pressure of 10 tons

for 1 min, obtaining the pastilles. The FTIR spectra were

obtained in the region between 4000 and 400 cm-1 oper-

ating a Fourier transformed IR spectrometer (FTIR; Perkin

Elmer, Spectrum GX, Wellesley, MA) in transmission

mode with resolution of 4 cm-1. The shape of materials

was evaluated by scanning electron microscopy (SEM;

Hitachi TM3000, Hitachi High-Technologies Co., Ltd.,

Tokyo, Japan) with energy dispersive X-ray diffraction

spectroscopy (EDX; Bruker, Quantax 70, Berlin, Ger-

many). The materials obtained after thermal treatments at

Fig. 1 TGA/DTA analysis of Eu3?-doped xerogels with composi-

tion: a 100 mol% of Si4? and b 100 mol% of Gd3?
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different temperatures were submitted to photolumines-

cence spectroscopy. The emission spectra were collected

operating a (Horiba–Jobin–Yvon Fluorolog 3, Horiba Sci-

entific, New Jersey, USA) with excitation source at 255 nm

using a Xe lamp of 450 W. The photomultiplier was used

as detector. The emission spectra were collected at room

temperature in the region between 550 and 750 nm with

excitation and emission slits of 5 and 1 nm, respectively,

using filter cutoff below 399 nm. The photoluminescence

of the signals was measured at an angle of 22.5� in relation

to the excitation source. The excitation spectra were

obtained at room temperature in the region between 200

and 550 nm with excitation and emission slits of 5 and

1 nm, respectively, fixing the wavelength of emission at

612 nm. The lifetime 5D0 of Eu3? was achieved using a

pulsed lamp fixing device having excitation and emission

at 255 and 612 nm, respectively, and all curves were

obtained at room temperature.

3 Results and discussion

By TGA/DTA analysis, the steps of all reactions by which

xerogels were obtained by the sol–gel process were

investigated, and the loss of mass of final product was

determined. Based on Fig. 1a, it can be seen that the sys-

tem containing only silicon depicts one single-step and

exothermic event around 310 �C, attributed to the decom-

position of organic matter from TEOS used as precursor.

Only at 500 �C, all the water and organic matter were

removed. In Fig. 1b, it is shown that, the composition

containing only Gd3?, approximately 54 % of the mass

was lost. During the materials formation, three endother-

mic steps are observed in DTA analysis: first at 130 �C (A–

B), which corresponds to the elimination of all water

remaining, a second step between 242 �C (B–C) and

365 �C (C–D) is assigned to the elimination of organic

matter and as third step around 412 �C, the crystallization

of Gd2O3 phase [23] occurs, and after 800 �C (E–F) no

other change related to the loss of mass it is observed.

Fig. 2 Diffractograms obtained of Eu3?-doped materials heat-treated

at: a 900, b 1000 and c 1100 �C for 8 h

Fig. 3 Crystallite sizes obtained by Scherrer’s equation as a function

of the Gd3? concentration and at different heat-treatment

temperatures
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XRD analysis allowed to evaluate the materials crys-

tallinity and the phases formed at 900, 1000 and 1100 �C.

Fig. 2 demonstrates that in all materials containing Gd3?,

the diffraction patterns showed intense reflections attrib-

uted to the crystalline phase of cubic type with lattice

parameters a = b = c = 10.813 Å, and a = b = c = 90�,
according to the data in JCPDF cards n� = 00–012–0797.

The reflection peaks observed in the diffraction pattern

were attributed to the crystallographic hkl planes: (211),

(222) (400) (440) and (622) localized at 2h = 20.07�,
28.58�, 33.12�, 47.52� and 56.40�, respectively. Increasing

the Gd3? concentration, as well as increasing the heat-

treatment temperature, an increase in intensity of the

reflections is observed. This effect can be associated with

the increasing of the crystalline portion of Gd2O3 phase in

the system.

In materials obtained from the xerogel prepared only

from TEOS used as precursor, it was observed that after

heat treatment occurs the formation of amorphous phase

assigned to the SiO2. This affirmation is due to the presence

of a broad peak in the diffractogram, located in the region

between 15� and 25� with maximum around 21�, charac-

teristic of an amorphous SiO2 system.

Using the Scherrer’s equation (Eq. 1), it was possible to

calculate the crystallite size, based on reflection peak

attributed to the hkl plane (222) positioned at 2h = 28.56�.
In the Scherrer’s equation, D is the size of crystallite, K is

the shape factor (in this work was used 0.89), k is the

wavelength of X-rays (CuKa = 1.5418 Å) and bhkl the full

width of the half maximum (FWHM) of the most intense

peak. The b values were adjusted according to Eq. 2, where

binst is the FWHM of the peak of standard that is related to

the instrumental analysis and bexp is the FWHM of most

intense peak of the sample was experimentally analyzed.

The standard used in this work was the Si (100)

monocrystal.

Dhkl ¼
K � k

bhkl cos h
ð1Þ

bhkl ¼
ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi

b2
exp � b2

inst

q

ð2Þ

The results obtained are shown in Fig. 3. It was

observed that there is an increase in crystallite size as a

function of heat-treatment temperature. This behavior is

due to the coalescence/aggregation of Gd2O3 crystals by

the higher thermal energy applied on system, thereby

reducing the surface free energy, and providing greater

driving force for the growth of crystals [24]. Moreover, it

was observed that increasing the Gd3? amount favors an

increase in crystallite size. This behavior can be explained

by the fact that the larger amounts of Gd3? are available

favoring the increase in crystals size.

Through the Williamson-Hall method (W–H), also

called Uniform Deformation Model (UDM), according to

the Eq. 3, the microstrain values were calculated [25, 26].

The method is also recently reported for analyzing the

behavior of the particle size of ZnO [26] and can be applied

to understand the behavior of other kind of systems, like

the Gd2O3. The microstrain values obtained in this work

are shown in Fig. 4.

bhkl cos h ¼ K � k
D

þ 4e sin h ð3Þ

In Fig. 4, it is observed that the increase in Gd3?

concentration in the system promotes the reduction in

microstrain values. Also it is noted that samples heat-

treated at 1000 �C show lower microstrain values.

Therefore, the decrease in microstrain values as a function

of the heat-treatment temperature is observed, due to the

closing of the pores and the reduction of defects in heat-

treatment process.

The samples heat-treated at 1100 �C that presented

larger crystals were submitted to Raman spectroscopy, and
Fig. 4 Microstrain values as a function of Gd3? concentration and

different heat-treatment temperatures, determined by W–H methods

Fig. 5 Raman Spectra of Eu3?-doped Gd2O3-based materials heat-

treated at 1100 �C for 8 h
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the spectra are shown in Fig. 5. The spectra shows the most

intense band localized around 360 cm-1, assigned to the

mode Eg ? Fg, associated with the Gd2O3 cubic phase with

space group Ia-3 (206) [27]. The results are in agreement

with the XRD analysis. Bands positioned around 117, 313,

442, 565 and 677 cm-1 are also associated with the Gd2O3

cubic phase, compatible to commercial oxide [28]. All

samples containing Gd3? showed a band around 489 cm-1,

attributed to the Ag mode, characteristic of the hexagonal

phase of Gd2O3 [29]. To obtain the cubic phase, during the

heat-treatment, the gadolinium oxide is formed in the

hexagonal structure at lower temperatures, and then,

increasing the temperature of heat-treatment, the cubic

phase is obtained. In this sense, this single band can be

associated with the presence of little amount hexagonal

phase remaining in the sample, undetected by the XRD

analysis.

In Fig. 6 are shown the emission spectra obtained of

the samples heat-treated at 900, 1000 and 1100 �C. In all

spectra obtained were observed bands assigned to the

intraconfigurational f–f transition of Eu3? from 5D0 to
7FJ energy levels, where J = 0, 1, 2, 3 and 4 [7]. The

Eu3?-doped Gd2O3-based materials showed thinner and

well-defined photoluminescent emissions bands. The

Gd3? absorbs energy in the UV region and transfer to

Eu3? efficiently [30], resulting an intense emission band.

In the Eu3?-doped Gd2O3 cubic structure, the Eu3? can

occupy two different sites of symmetry, in which the

probability of occupation is around 25 % of ions in S6

site (with inversion center) and 75 % in C2 site (without

inversion center) [31].

The Eu3? shows a strong emission band in the red

region positioned around 612 nm, attributed to the
5D0 ? 7F2 energy level. This emission, electric-dipole-al-

lowed, known as hypersensitive, occurs when the Eu3? is

positioned in site of symmetry with absence of inversion

center [7, 32]. The intensity of 5D0 ? 7F1 transition, (al-

lowed by magnetic dipole), is not affected by the local

symmetry being independent where the Eu3? is located in

the host matrix [3, 33]. The ratio between the integrated

areas of 5D0 ? 7F2 (allowed by electric dipole) and
5D0 ? 7F1 (allowed by magnetic dipole) transitions were

calculated and labeled as R21. As the intensity of the
5D0 ? 7F1 transition is not affected by the chemical

environment in which the Eu3? is located and the transition
5D0 ? 7F2 is very sensitive to this environment, the ratio

between the areas of both transitions allows to investigate

the Eu3? position in the matrix. The results for R21 are

shown in Table 1. Increasing the heat-treatment tempera-

ture and concentration of Gd3? in the binary system, the

R21 value decreases. This means that the increasing the

heat-treatment temperature and the percentage of Gd3?, the

Eu3? occupies sites with high symmetry, decreasing the

probability of the 5D0 ? 7F2 transition to occur. This ratio

also can be used to compare the photoluminescence

intensities of materials in powder forms. The highest R21

values for the materials obtained in this work indicate that

the Eu3? predominantly occupies sites with lower sym-

metry or some sites with high symmetry slightly distorted,

Fig. 6 Photoluminescence emission spectra under excitation at

255 nm of Eu3?-doped materials heat-treated at a 900, b 1000 e

c 1100 �C for 8 h
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promoting higher photoluminescence intensity. The Eu3?-

doped SiO2 presents high R21 values, but its photolumi-

nescence intensity assigned to the 5D0 ? 7F2 is hundred

times lesser than the materials containing Gd3?. All Eu3?-

doped compositions without Gd3?, containing only Si4?

precursors, showed a large emission bands and low pho-

toluminescence intensity in the red region. The broadening

of the most intense band in the emission spectra is char-

acteristic of Eu3? situated in amorphous systems. These

bands with inhomogeneous broadening are indicative of

Eu3? positioned in different sites of silica host [34]. As

observed by XRD, the silica network presents an amor-

phous system, without structural periodicity, in which

characterizes the enlargement profile of emission bands of

Eu3? present in these kinds of materials [33].

The lowest photoluminescence intensity of the sam-

ples based on Eu3?-doped SiO2 can be attributed to the

lowest absorption of UV radiation of SiO2. In the Fig. 7

are shown the excitation spectra of all materials heat-

treated at 900 �C, with emission fixed at 612 nm. The

SiO2-based materials present low absorption at short

Fig. 7 Photoluminescence excitation spectra with emission fixed at

612 nm of Eu3?-doped materials heat-treated at 900 �C for 8 h

Fig. 8 Emission–decay curve of the Eu3?-doped material with molar

ratio of 70Si4?:30Gd3? heat-treated at 900 �C for 8 h with emission

and excitation fixed at 612 and 255 nm, respectively

Table 1 R21 values for

materials obtained at 900, 1000

e 1100 �C doped with 0.2 mol%

of Eu3?

Sample—ratio between Si4?:Gd3? (mol%) Temperature (�C) R21

0:100 900 4.01

30:70 4.00

50:50 4.13

70:30 4.46

100:0 5.02

0:100 1000 3.85

30:70 3.81

50:50 3.92

70:30 3.82

100:0 4.58

0:100 1100 3.77

30:70 3.77

50:50 3.87

70:30 3.87

100:0 4.69

Table 2 Refractive index values calculated by Lorentz–Lorenz’s

equation

Gd3? (mol%) Si4? (mol%) Refractive index value

100 0 1.80 [35]

70 30 1.66

50 50 1.61

30 70 1.55

0 100 1.45 [35]
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wavelengths, resulting in low efficiency of energy

transfer to Eu3?. The lower efficiency in the energy

transfer also can be related to the presence of defects in

the structure of SiO2.

The refractive index of the binary systems, n, was cal-

culated by the Lorentz–Lorenz Equation (Eq. 4), where na
is the Gd2O3 refractive index, nb the SiO2 refractive index,

fa is the Gd2O3 molar fraction and fb the SiO2 molar frac-

tion. The Gd2O3 and SiO2 refractive index used were 1.8

and 1.45 (at 633 nm), [35] respectively. Comparison of the

final concentrations of each metal in the samples was

determined by the EDX analysis. The refractive index

values are shown in Table 2. The increasing of SiO2 con-

centration promotes the decreasing of refractive index of

the materials.

n2 � 1

n2 þ 2
¼ f a

n2
a � 1

� �

n2
a þ 2

� �þ f b
n2
b � 1

� �

n2
b þ 2

� � ð4Þ

The lifetime values of 5D0 state of Eu3? were obtained

under excitation and emission fixed at 255 and 612 nm,

respectively. The lifetime values were calculated, and in

Fig. 8, the decay curve of the system containing 30 mol%

of Gd3? heat-treated at 900 �C is shown. The profile of

curve is representative for all materials obtained in this

work, and adjusted on the first-order exponential decay,

with a correlation coefficient R % 1. The values obtained

are presented in Table 3.

The radiative lifetime can be related to the refractive

index of the medium [36], and an electronic dipole tran-

sition may be expressed by the Eq. 5. In Eq. 5, the �h is h/

2p, e is charge of the electron, m is the mass of the electron,

xif is the frequency, lif is the dipole moment of the tran-

sition, k0 is the wavelength of the emission in vacuum and

n is the refractive index of the material in the wavelength

of emission [37, 38].

tR � 3�he2

2mxif lifj j2
k2

0

1
3
n2 þ 2ð Þ

� �2
n

ð5Þ

According to the Eq. 5, the radiative lifetime is inver-

sely proportional to the refractive index [37, 38]. On this

way, as calculated by Lorentz–Lorenz methods, the binary

system presents lower refractive index in comparison to the

system containing only Gd2O3, which promotes the

increase in the radiative lifetime. Table 3 presents the

lifetime values of materials obtained in this work. For the

70:30, 50:50 and 30:70, the SiO2 can be acting as shell of

Gd2O3, and consequently contributing to the elimination of

surface defects on the Gd2O3 particles, decreasing the non-

radiative process, increasing the values of total lifetime.

The samples heat-treated at 1000 �C show higher life-

time values in most of compositions. The reduction of

microstrain values in the crystal lattice were observed by

the W–H calculus. Then, probably the decrease in defects

in the structure can contribute to the elimination of non-

radiative process, and consequently contributing to the

higher lifetime values of the excited state of the Eu3?.

The Eu3?-doped SiO2 systems have lifetime values

between 1.30 and 1.87 ms, in which are the lowest values

in comparison with the other materials reported here. This

behavior can be associated with the presence of defects in

the SiO2 systems, as reported previously. The samples

based only Eu3?-doped Gd2O3 showed lifetime values

between 2.38 and 2.67 ms.

Theses lifetime values can be related to the high

chemical compatibility between Eu3? and Gd3? present in

the host matrix. The difference of ionic radii between Gd3?

Table 3 Lifetime values of all

Eu3?-doped samples with

emission and excitation fixed at

612 and 255 nm, respectively

Samples ratio between Si4?:Gd3? (mol%) Temperature (�C) Lifetime (ms)

0:100 900 2.67

1000 2.69

1100 2.38

30:70 900 2.83

1000 3.05

1100 2.49

50:50 900 3.17

1000 3.14

1100 2.79

70:30 900 3.10

1000 3.23

1100 3.06

100:0 900 1.77

1000 1.87

1100 1.30
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(1.078 Å) and Eu3? (1.087 Å) [39] is very small, in which

favors the almost perfect accommodation of the Eu3? in

Gd2O3. Consequently, this characteristic promotes ade-

quate distance between Eu3? in the structure, preventing a

pronounced effect of cross-relaxation process.

In Fig. 9 are shown FTIR spectra of compositions con-

taining 0.2 mol% of Eu3? heat-treated at 900 �C. For better

visualization the bands in the spectra, the region between

400 and 1000 cm-1 was amplified, and the bands assign-

ments based on works reported in literature [3, 35, 40–42].

The A and C-band, located at 410 and 540 cm-1, respec-

tively, are attributed to the stretching of the Gd-O chemical

bonding [3]. These bands are evident as a function of Gd3?

concentration, and absent in the spectra of the system

containing only SiO2. The band positioned approximately

470 cm-1 (B-band) is assigned to the Si–O–Si angular

deformation [35]. The band positioned around 800 cm-1

(D-band) is attributed to the Si–O–Si stretching, and the

band at approximately 1079 cm-1 (E-band) attributed to

the Si–O–Si asymmetrical stretching. The appearance of

these bands in the spectra is an evidence of formation of

SiO2 network [40–42]. The I-band located around

3400 cm-1 is attributed to the stretching of the O–H

groups, and the intensity of this band decreases as a

function heat-treatment temperature. In this sense, the

temperature of heat-treatment contributed significantly to

the elimination of the species, like O–H, C–H and N–H

groups.

4 Conclusions

Eu3?-doped SiO2–Gd2O3 materials were obtained by the

sol–gel process with success, and obtained very easily.

In all materials obtained was observed an intense pho-

toluminescence emission in the red region of the elec-

tromagnetic spectrum, attributed to the 5D0 ? 7F2

transition of Eu3?. The crystallinity of the system was

affected by the heat-treatment temperature, influencing

directly on crystallite size and microstrain values, as

observed by the Scherrer’s and Williamson-Hall calcu-

lus, respectively. The crystallite size and microstrain also

affected the photoluminescent properties of the materials

reported. Controlling the heat-treatment temperature was

possible to control the elimination of groups like as O–

H and C–H, minimizing losses via non-radiative pro-

cesses. Thus, it was observed that the materials heat-

treated at 1000 �C showed better photoluminescent

properties and lower microstrain values in comparison

with the other material obtained. In summary it was

possible to optimize the matrix based on SiO2–Gd2O3,

and verify that the binary system favors the emission of

Eu3?, presenting better results than Eu3?-doped SiO2 or

Eu3?-doped Gd2O3. The composition containing 70 and

30 mol% of Si4? and Gd3?, respectively, showed better

performance as host matrix for RE3? and lower cost of

preparation. The materials obtained in this work showed

potential properties for many applications in photonics

areas and energy conversion, like solar cells.
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GC, Gonçalves RR, Messadeq Y, Ribeiro SJL, Armelini C,

Ferrari M, Zampedri L (2003) Er3?/Yb3? co-activated sı́lica-

alumina monolithic xerogels. J Sol-Gel Sci Technol

26:943–946

14. Livage J, Henry M, Sanchez C (1988) Sol–gel chemistry of

transition metal oxides. Prog Solid State Chem 18:250–341

15. Yamane M, Asahara Y (2000) Glass for photonics. Cambridge

University Press, Cambridge
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