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LaF3 : 10% Eu3þ/Tb3þ monodisperse nanoparticles have been synthesised by
a novel mixed-solvent-thermal technology (N,N-dimethyl-formamide (DMF),
diethylene glycol (DEG)). When the volume ratio of mixed-solvents
(DMF :DEG) is 6 : 12, LaF3 : 10% Eu3þ/Tb3þ nanoparticles show a pure
hexagonal phase structure with space group of P63/mcm. Both the X-ray
diffraction pattern and the transmission electron microscope image present a
uniform microstructure with good dispersibility, and its particle size is around
10 nm. The characteristic green emissions of Tb3þ originate from 5D4!

7FJ

(J¼ 6, 5, 4, 3) transitions and the red emissions of Eu3þ from 5D0!
7FJ (J¼ 1, 2,

3, 4) transitions can be observed. The dominant peaks are situated at 543 and
590 nm, respectively.

Keywords: monodisperse nanocrystal; microstructure; luminescence; mixed-
solvent-thermal synthesis

1. Introduction

Luminescent nanomaterials have attracted considerable attention for their various
potential applications such as optical devices [1,2], chemical or biological labels and
probes [3,4], low-threshold lasers [5], and so on. The research emphasis on nanostructure
materials development has gradually shifted from the preparation of the materials to the
relationship between the nanostructure and the size-dependent properties. Therefore, the
formation of monodisperse nanocrystals with controlled size and shape has recently
become a central topic in the field of materials chemistry [6–10]. Development in the
field not only means a challenge for synthetic chemistry, but also for optoelectronics
[11,12], biomedical sensors [13,14], crystallisation [15] and biomineralisation [16–18], etc.

Solution-based wet chemical processes provide attractive routes to synthesise rare earth
fluoride with nanostructure. Many of them are based on the precipitation of the Ce3þ ion
in all kinds of solution to generate CeF3 and the subsequent separation. For example, all
kinds of microemulsion systems or reverse microemulsion systems are utilised to synthesise
lanthanide fluorides nanometre material [19–24]. Yttrium fluoride nanoparticles with
various crystallinity, shape, and particle size have been prepared by precipitation in reverse
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microemulsions of water in cyclohexane solution stabilised with polyoxyethylene

isooctylphenyl [25]. In this system, the mixtures of monodisperse regular hexagonal and

triangular single nanocrystals can be observed. This method exploits two useful properties

of reverse microemulsion, the capacity to dissolve reactants in the water core and the

constant exchange of the aqueous phase among micelles, but unfortunately the intricate

operation hinders the application of the method in large-scale production.
Because of the excellent coordination ability of N,N-dimethyl-formamide (DMF) to

rare earth ions, the interaction between DMF and rare earth ions may be expected to

change the precipitation process of rare earth compounds. In this article, we adopt an

effective way to synthesise shape-controlled and mondisperse LaF3 : 10% Eu3þ/Tb3þ

nanocrystals under mild conditions. The mixed solvents of DMF and diethylene glycol

(DEG) are adopted to prepare LaF3 : 10% Eu3þ/Tb3þ nanoparticles. The precipitation

reaction process is induced by the heat treatment at 120�C, which is much lower than the

temperature of polyol process.

2. Experimental section

2.1. Synthesis of luminescent LaF3 : Eu
3Y/Tb3Y nanoparticles

In a typical procedure, 1.8mmol of La(NO3)3 � 6H2O, and 0.2mmol of RE(NO3)3 � 6H2O

(RE¼Eu, Tb) were dissolved in 6mL DMF solvent, and 6mmol NH4F was dipped in

12mL DEG. Then the above DMF solution was added into the DEG solution with

magnetic stirring. A gel-like precipitate formed immediately. After continuous stirring

for about 15min, the precipitate was dissolved again and the mixed suspension became

a clear solution. The homogeneous solution was transferred to a Teflonlined stainless-

steel container, sealed and maintained at 120�C for 24 h. Finally, it was allowed to

cool slowly to room temperature. The white products were collected by centrifugal sepa-

ration, washed several times with distilled water and absolute ethanol, and finally dried

at 60�C for 4 h.

2.2. Physical characterisation

Fourier transform infrared (FTIR) spectra were measured within the 4000–400 cm�1

region on an (Nicolet model 5SXC) infrared spectrophotometer with the KBr pellet

technique. X-ray diffraction (XRD) was recorded on a Bruck D8-Advance X-ray

diffractometer with monochromatised Cu-K� radiation (�¼ 1.54056 Å). The micromor-

phology was performed with a JEM1230 (JEOL, Japan) transmission electron microscope

(TEM) at an accelerating voltage of 120 kV, and a JEM2010 high-resolution TEM, at

200 kV. The excitation and emission spectra were determined on a RF-5301 spectro-

photometer whose excitation and emission slits width were both 3 nm.

3. Results and discussion

Figure 1 shows the selected XRD pattern of LaF3 : Eu
3þ nanoparticles by the mixed

solvents (volume ratio DMF :DEG¼ 6 : 12) – thermal synthesis. These samples are in

good agreement with hexagonal phase structure, which crystallises in P3cl space group
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known from the bulk LaF3 crystal (JCPDS database No. 82-0684). Eu3þ replaces the
position of La3þ in the LaF3 host and cannot change the lattice structure. Besides, all
peaks broaden obviously owing to the small size of the particles. The crystallite size can be
estimated from the Scherrer equation, D¼ 0.941�/� cos �, where D is the average grain
size, � is the X-ray wavelength (0.15405 nm), and � and � are the diffraction angle and full-
width at half-maximum (FWHM) of observed peak, respectively. The strongest and
independent peak (111) at 2�¼ 27.8� is used to calculate the grain size of the nanocrystals
and the calculated size of the nanoparticles is around 9.0 nm, which delegates the
dimension in the normal direction of (111) plane.

Figure 2 shows the selected TEM picture LaF3 : 10%Eu3þ nanoparticle, which
shows the homogenerous and uniform microstructure. The aggregation of LaF3 particles
has been hindered and the arrangement of products is close to the monodispersibility.
The particle size can be estimated at around 10 nm, which is in agreement with the
determination from XRD. Owing to the high-boiling point, high viscosity and reduction
properties, the polyol process is an effective way to synthesise very small and metastable
particles at a relatively high temperature, but it is not a better process for shape-controlled
synthesis.

The excitation spectrum of LaF3 : Eu
3þ is shown in Figure 3(a) with the emission

wavelength of 613 nm. Some characteristic excitation bands can be observed. The apparent
broad band is in the near ultraviolet region of 200–350 nm with a maximum excitation
of 285 nm, which is ascribed to be the charge transfer band (CTB) between F� to central
Eu3þ. The wide strong excitation band of CTS is favourable for the energy transfer and
luminescence of Eu3þ. The nano effect on the broadening of the CTB of F� and Eu3þ can
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Figure 1. The XRD pattern of a serial of LaF3 : 10%Eu3þ nanoparticles with volume ratio 6 : 12 of
DMF/DEG.
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Figure 3. Excitation (a) and emission (b) spectra of LaF3 : 10%Eu3þ nanoparticles.

Figure 2. Selected TEM image of LaF3 : 10%Eu3þ synthesised with volume ratio 6 : 12 of DMF/
DEG.
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be observed, which is due to the fact that the nano quantum effect forms the more

extensive continuous energy distribution state. It seems possible that surface states
generated from broken, truncated chemical bonds and the lack of long-range lattice order

may be some possible cause(s) for this situation. For the slightly agglomerated
nanoparticles, the existence of enormous surface states results in additional charge

transfer transition and will provide energy to the 5DJ states of Eu
3+ to enhance the energy

transfer to 7FJ states of Eu3+ [26]. Besides, there exist some narrow excitation bands in the

long wavelength ultraviolet region to visible region, which corresponds to the 4f–4f
transitions of Eu3þ. Among the electronic dipole transition 7F0!

5L6 shows the strongest

excitation intensity, while the magnetic dipole transitions, 7F1!
5D2 and 7F0!

5D1,
present the weakest intensity. Under the excitation of 394 nm, the LaF3 : 10% Eu3þ

nanoparticles exhibit the characteristic orange–red luminescence of Eu3þ, corresponding
to the 5D0!

7FJ (J¼ 0–3) (Figure 3(b)). But the orange emission for 5D0!
7F1 transition

(590 nm) shows the strongest intensity, which is stronger than that of red emission for
5D0!

7F2 transition (611, 616 nm). The orange–red emission lines at around 590 nm

originating from the magnetic dipole transition 5D0–
7F1 are the dominant bands for

LaF3 : Eu
3þ, indicating that the Eu3þ occupied the inversion symmetry site [27]. It is well

known that if Eu3þ occupies in the crystal lattice a site with inversion symmetry, the
magnetic – dipole transitions 5D0!

7F1 of Eu
3þ are dominant, and if there is no inversion

symmetry at the site of Eu3þ, the main emission is the electric – dipole transition
5D0!

7F2. Besides this, both
5D0–

7F1 and 5D0–
7F2 transitions have splits by the crystal

field, so that it can be observed that each transition splits into several components in the
emission spectrum of LaF3 : Eu

3þ phosphors, which is in good agreement with the optical

transitions observed in bulk LaF3 : Eu
3þ.

Figure 4(a) gives the excitation spectra of LaF3 : 10%Tb3þ nanoparticles, which are
obtained by monitoring the 5D4 –

7F5 transition of Tb3þ ions at 541 nm. It can be clearly

shown that the excitation spectra consist of two parts, one broad band in the 240–380 nm
region, resulting from the well-known 2F5/2 – 5d (or 4f–5d) transition of La3þ, and several

sharp peaks in the 320–500 nm region related to the f–f transitions of Tb3þ ions. Figure 4(b)
shows the emission spectrum of the obtained sample under excitation of 366 nm. The sharp

emission peaks originate from the 4f–4f transition of Tb3þ ions : 5D4–
7F6 (488 nm), 5D4–

7F5

(541 nm), 5D4–
7F4 (582 nm) and very weak 5D4–

7F3 (618 nm).
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Figure 4. Excitation (a) and emission (b) spectra of LaF3 : 10%Tb3þ nanoparticles.
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4. Conclusions

In summary, the synthesis of LaF3 : Eu
3þ/Tb3þ nanoparticles has been achieved by a novel

mixed-solvents-thermal (DMF/DFG) technology. Both XRD and TEM images present

the pure hexagonal phase and homogeneous microstructure with particle size of 10 nm
dimension. Under long broad ultraviolet excitation, red and green luminescence of Eu3þ

and Tb3þ ion can be observed which indicates that it is a candidate technology for the

synthesis of rare earth fluoride nanoparticles.
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