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Luminescence properties of Eu-doped SnO2
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Abstract
SnO2 samples were sintered with an addition of Eu2O3 in nitrogen ambience by means of conventionally mixed oxides (CMO). The effects of

Eu’s addition on the luminescence properties are studied by photoluminescence (PL) at room temperature and low temperature, as well as

photoluminescence excitation (PLE) spectroscopy. Structural properties are further studied by X-ray diffraction (XRD) and Raman spectroscopy.

The addition of Eu results in efficient sharp luminescence peaks at 590 nm associated with d to f transition. The excitation energy higher than

3.6 eV yields an efficient energy transfer.
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1. Introduction

Tin oxide (SnO2), an n-type semiconductor with a wide band

gap (Eg = 3.6 eV at 300 K), is extensively used as a functional

material for optoelectronic devices [1], conductive electrodes

and transparent coatings due to its good conductivity and

transparency in the visible spectrum [2,3], solar cells [4,5], and

catalyst support [6]. The variation of grain size, the

concentration of oxygen vacancies and electrical properties

of tin oxide as bulk as well as forms of thin films are also widely

studied. A large number of research works have been focused

on the electrical properties of SnO2, especially for sensor and

catalyst. Whereas, only a small amount of work is devoted to

the luminescence properties of SnO2, namely SnO2-based

phosphors. The reported luminescence bands from SnO2 are

around 2.4–2.5 and 2.9–3.1 eV [7–9]. The origins of these

luminescence bands are not clearly understood. In general,

oxygen vacancies, which usually act as radiative centers, play

an important role in the luminescence properties of the metal

oxide semiconductors.

Rare-earth europium oxide has been potentially useful and

studied extensively for various optical and electronic properties

such as optical waveguide, optical filter, and capacitors [10–
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12]. Further, rare-earth-doped luminescent materials, namely

phosphors, are widely applied for emissive displays and

fluorescent lamps. Phosphors are mostly composed of solid

inorganic materials consisting of a host lattice with intentional

doping of impurities. The properties of luminescence depend

on the host material. Rare-earth added inorganic materials

exhibit several sharp emission lines in the visible spectral range.

Further, rare-earth-doped semiconductors have been studied

extensively for optoelectronic devices. This paper reports the

feasibility of SnO2-based phosphors. The luminescence

properties of SnO2-based phosphors are investigated by

photoluminescence (PL) spectroscopy at room temperature

and low temperature. The photoluminescence excitation (PLE)

spectra are obtained to investigate the energy transfer between

host SnO2 and added Eu2O3. Further, the structural properties

are examined by X-ray diffractometry (XRD) and Raman

spectroscopy.

2. Experimental

The inorganic reagents are SnO2 and Eu2O3. The initial

composition is (1�x) SnO2�xEu2O3, where x varies 0 to 0.04.

The pertinent composition is weighed and ball milled in

ethanol for 24 h, dried, and pressed into pellets 5 mm in

diameter and 1 mm thick. The samples are sintered at 1350 8C
for 2 h in N2 ambience of a tube furnace and cooled down in N2

ambience.
d.
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Fig. 2. (a) Room temperature PL spectra of bulk SnO2 and SnO2 with Eu2O3.

(b) The deconvoluted peaks of the luminescence. The fitted spectra are depicted

as dotted lines. Gaussian curve fitting is assumed in the figure.
The PL equipment consists of a He–Cd laser with an output

power of 30 mW, 50-mm collection optics, a 0.5-m scanning

grating monochromator and an air-cooled GaAs photo multi-

plier tube (PMT). The emitting light from the sample was

focused into the entrance slit of a monochromator that had a

spectral grating of 1200 groves/mm and then it was amplified

by a PMT. A long-pass filter was inserted after the sample to

block any scattered laser light. The cut-off wavelength of the

filter at the UV side was about 340 nm.

For PLE measurements, a 1000 W Xe lamp was used to

generate white light. The white light passed through a 0.15-m

single grating scanning monochromator into a sample chamber.

The 2 mm � 3 mm beam size of scanning light was detected by

a Si detector before illuminating the sample and then the

excitation spectrum was dispersed by a 0.5-m single grating

monochromator. The spectrum was collected by an air-cooled

GaAs PMT. X-ray diffraction measurements were performed at

room temperature. Raman spectra were measured at room

temperature in backscattering geometry with a microscope

using a diode pumped semiconductor laser with l = 532 nm, as

the excitation source.

3. Results and discussions

Fig. 1 shows XRD patterns of SnO2 along with Eu2O3

addition. The diffraction patterns of SnO2 correspond to the all

the reported peaks in JCPDS (21-1250). No characteristic peaks

of impurities are observed from sintered SnO2. The calculated

lattice constants and unit cell volume of sintered tetragonal

SnO2 are a = 4.738, c = 3.187 Å, and 71.55 Å3, respectively,

and are agreed to the values obtained from JCPDS. All the

peaks pertaining to Eu2O3 are depicted as closed circles.

Reduction of diffraction peak intensities and a slight diffraction

angle shift to high angles are observed, and result in a small

contraction of lattice constants (a = 4.732, c = 3.183 Å) and a

decrease of unit cell volume (71.27 Å3) with the addition of

Eu2O3. Further, the diffraction peaks associated with Eu2O3

become strong with the increase of Eu2O3. It is further noticed
Fig. 1. X-ray diffraction patterns of SnO2 with Eu2O3 addition. The addition of

Eu2O3 is indicated.
that even 0.01 mol addition of Eu2O3 on SnO2 yield the

diffraction peaks of Eu2O3. The diffraction peaks associated

with Eu2O3 become strong with the further addition of Eu2O3.

Room temperature PL spectra of the bulk SnO2 as well as the

addition of Eu2O3 are depicted in Fig. 2 (a). The bulk SnO2

shows a broad luminescence covering the whole visible spectral

range with PL peak max at 590 nm. There exist some

interesting results with the addition of Eu2O3. Specifically, a

small addition of Eu2O3 (0.01 mol) shows an almost identical

PL peak compared to the bulk SnO2. Further addition of Eu2O3

yields a slight blue shift of the PL peak max position to 550 nm

of host material. The PL intensity reaches maximum (about two

times increase) with the 0.02 mol addition of Eu2O3 and then

decrease with further addition of Eu2O3. The most distinct

change with the Eu addition is the evolving of rare-earth related

luminescence bands near 590 nm. In order to see clearly on the

Eu-related luminescence emission, the narrow region of spectra

are depicted in Fig. 2 (b), along with deconvoluted peaks

assuming a Gaussian peak. Emission bands with a dominant

peak at 586 and 606 nm are detected. The emission spectrum of

Eu3+ is usually sharp and discrete in nature. These peaks

correspond to the 5D0–7F1 and 5D0–7F2 transitions for Eu3+,
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Fig. 3. Low temperature PL spectra of SnO2 with Eu2O3 addition. Measure-

ment temperatures are indicated.
Fig. 4. Photoluminescence emission spectra with different excitation wave-

length. Excitation wavelengths are indicated.

Fig. 5. Photoluminescence excitation spectra obtained for SnO2 with Eu2O3

addition. Detection wavelengths are indicated.
respectively [13]. The 5D0–7F1 emission lines consist of three

components at 586, 592, and 597 nm, respectively. The 5D0–7F2

transition lines display weak peaks at 606, 612, and 616 nm,

respectively. The 5D0–7F1 transition exhibits more intensity

than that of 5D0–7F2 transitions due to localized energy

transfers. It is known that the 5D0–7F1 and 5D0–7F2 transitions

corresponds to orange-red and red color. The red emission

(5D0–7F2) is due to electric dipole transition, while orange

emission (5D0–7F1) corresponds to the magnetic dipole

transition. The relative intensity ratio between the red emission

(5D0–7F2) and orange emission (R/O value) is in the range

between 0.6 and 0.8. The emission peak intensity (5D0–7F1)

increases with the addition of Eu2O3 up to 0.02 mol, then the

further addition of Eu results in a decrease of intensity of
5D0–7F1 transition. Whereas, the PL peak positions of 5D0–7F1

and 5D0–7F2 transitions remain unaltered with the addition of

Eu2O3. The low temperature PL spectra of Eu-added SnO2 are

depicted in Fig. 3. The blue shift of luminescence peak

associated with host material is detected with decrease of

temperature. However, the PL peak position and shape of
5D0–7F1 are quite similar at low temperature with decreased

intensities.

The room temperature emission spectra of SnO2 with 0.02

mol Eu2O3 addition are shown in Fig. 4. Excitation energy

higher than 3.6 eV clearly exhibits 5D0–7F1 transitions. In

contrast to this, excitation energy below 3.6 eV displays no
5D0–7F1 transition corresponding to the Eu3+. The reported

band gap of SnO2 is 3.6 eV at room temperature. Thus, the

excitation energy higher than 3.6 eV would cause excitation

from valence band to conduction band transition and some of

the excited photons relax to the defect states, which act as

radiative centers, and other electrons are transferred to the Eu3+,

and result in the characteristic emission pertaining to 5D0–7F1

transitions. However, ZnO with the addition of rare-earth

material by solid-state reaction only yields green emission from

ZnO, which present as electronic defects in the forbidden band.

The PL spectra exhibit typical emissions of ZnO with traces of

the rare-earth. However, no emission of rare-earth is detected
when the excitation wavelength is smaller than 385 nm [14,15].

Thus, no energy transfer can be inferred from ZnO with rare-

earth addition. It is quite interesting to note that one could

observe the energy transfer between host SnO2 lattice and rare-

earth ions, even though there might be small amount of

europium ions into the SnO2 lattice by solid state sintering (see

Fig. 1. Even 0.01 mol addition of Eu2O3 on SnO2 still yields

Eu2O3 diffraction peaks).

The photoluminescence excitation (PLE) spectrum of SnO2

with 0.02 mol addition of Eu2O3 reveals one broad band at

330 nm corresponding to the transition from valence band to

conduction band of SnO2 and three weak peaks at 430, 480, and

520 nm, as shown in Fig. 5. (All the PLE spectra of Eu2O3

addition yield similar results.)

Fig. 6 depicts the room temperature Raman spectra of the

bulk SnO2 along with the addition of Eu2O3 on SnO2. Rutile

SnO2 belongs to the space group D4h and four first order Raman

active modes are B1g, Eg, A1g, and B2g [16]. The bulk SnO2

(Fig. 6) displays the distinct Raman peaks at 475, 634, and

781 cm�1, corresponding to the Eg, A1g, and B2g, respectively
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Fig. 6. Room temperature Raman spectra of bulk SnO2, and SnO2 with Eu2O3.
[16]. Two weak Raman peaks at 501 and 692 cm�1 are also

detected. These two peaks can be assigned to the A2u and Eu(2)

mode, respectively [17]. The addition of Eu2O3 yields some

interesting results of Raman spectra. Specifically, the major

vibrational peak position corresponding to SnO2 (Eg, A1g, and

B2g) remains unaltered with the addition of Eu2O3. However,

the intensities of these vibrational modes decrease with the

increase of Eu addition. Furthermore, two vibrational modes

(A2u and Eu(2)) at 501 and 692 cm�1 are shifted to 503 and

694 cm�1 at 0.04 mol addition of Eu2O3. Raman spectra of Eu-

added SnO2 exhibit three additional well resolved novel peaks

at 304, 400, and 502 cm�1 along with SnO2 vibrational modes.

The more Eu2O3 are added on SnO2, the stronger the intensities

of these newly detected vibrational modes become. The

reported Raman peaks of Eu2O3 are 315, 412, 579, and

610 cm�1 [18]. Thus, the observed vibrational modes are not

related to Eu2O3. It is usually detected that the disorder induces

the spectral changes of bulk crystal spectra. It can be further

seen that the intensity of these new bands are increase with a

decrease of the major vibration mode corresponding to SnO2,

indicating the increase of disorder. This result is consistent with

the reduced diffraction peak intensities of XRD analysis in

Fig. 2.

4. Conclusions

In this work, the luminescence properties of Eu-added SnO2

are carried out to find out the feasibility of SnO2-based

phosphor. The Eu-added SnO2 displays efficient emission lines

at 586, 592, and 597 nm, which is associated with the 5D0–7F1

transitions, along with a broad emission in the 580 nm. It is
concluded that the excitation wavelength above 340 nm

(3.6 eV) results in energy transfer between host SnO2 lattice

and Eu.
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