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Hexagonal shaped LaF3 nanocrystals (NC) doped by Nd?>* and Sm>3* ions were synthesized using a domestic
microwave oven. The powder XRD study confirmed that the crystalline size of the particle was approximately
20 nm (JCPDS standard card (32-0483) of pure hexagonal LaF3 crystals).The Transmission Electron Microscope
(TEM) analysis indicated the size of the primary and secondary particles were between 15-20 nm. The presence of
fundamental groups was verified by FTIR spectra. The synthesized nanocrystals were also studied for Non-Linear
Optical (NLO) properties. The Second Harmonic Generation (SHG) efficiencies of LaFs: Nd®*, Sm3* containing
rare earth elements were found to be less than that of pure Potassium Dihydroxyl Phosphate (KDP) crystals.
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1. Introduction

In recent years, the fields of luminescence and display materials have undergone a
revival of sorts with the evolution of nano-sized luminescent particles, driven primarily by an
ever-increasing awareness of the unique physical and optical properties that nanometer-scale
particles have when compared to their identical bulk material analogs [1]. Studies on the
luminescent properties of lanthanide-doped nanoparticles have attracted a great deal of interest,
since they have utility in the following applications: phosphors in lamps and display devices [2],
components in optical telecommunication equipment [3], active materials in lasers [4], new
optoelectronics devices [5], up converters [6—8], magnetic resonance imaging (MRI) [9], and
biological fluorescent labels [10-12]. LaF3 nanocrystals are widely used as: lubricants, additives
in steel and metal alloys, electrode materials [13] and chemical- and biosensors [14]. LaFjg
possesses low phonon energy, adequate thermal and environmental stability [15], and hence,
is an excellent host matrix [16-18] for investigating luminescence . Nanoparticles of LaFg
doped with other lanthanide ions, have been studied for their luminescent properties [19-23]. In
Several investigations were performed to investigate the optical properties of LaF5:Nd3* [24] for
their possible use in optoelectronics devices. This paper presents a study of LaF3:Nd?>", Sm3*+
nanoparticles synthesized in laboratory with a simple method utilizing microwave irradiation.
The nanoparticles synthesized in this manner have hexagonal shape and exhibit luminescence.

2. Experimental

LaF3: Nd*>' and Sm®" nanocrystals were synthesized in an aqueous medium using
microwave irradiation for low power heating. The method was characterized by its simplicity
and cost-effectiveness. Water soluble LaCl3+NdCIls+ SmCl3 (1 unit) and NH4F (3 units) were
mixed to obtain a solution in 1:3 molar ratio [25]. A 10 ml solution was prepared with de-
ionized water in a 100 ml beaker using 0.064 mol LaCl3+NdCl3+SmCl;. To this, a 10 ml
solution of 0.576 mol NH4F was added in a dropwise manner via a funnel fitted with a stopper
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to control the addition rate. The whole set up can be placed in a conventional microwave oven
during reaction. The microwave oven was operated using the low power setting (in on-off mode
set at 30 sec) for 30 minutes. The low power range helps to avoid overheating and bumping,
thus improving the yield . A white ultrafine crystalline precipitate identified as doped LaFj
nanocrystals appeared almost instantly at the bottom of the beaker. The precipitate was washed
several times with de-ionized water, absolute methanol and acetone, and then dried it in the
microwave oven for approximately 15 minutes. The dried sample was then stored in sealed
tubes for further characterization.

LaF3: Nd*' and Sm*' nanocrystals were also prepared using methanol in place of
deionized water with the method described above.

3. Characterization

Powder x-ray diffraction (XRD) measurements were performed using a PANALYTICAL
X’PERT PROMPD diffractometer model. Transmission electron microscope (TEM) analysis
was performed t for different magnifications using a PHILIPS (CM 200). Fundamental groups
were verified by FTIR spectra using a Spectrum one: FT-IR Spectrometer. The fluorescence
spectrum was measured with a LS 45 luminescence spectrometer (Perkin Elmer Corp). NLO
studies, as measured by SHG efficiency, was obtained from the crystalline powder sample by
using the method of Kurtz and Perry.

4. Result and Discussion

The XRD results are shown in Fig.1 which indicated that LaF3: Nd**Sm3* nanoparticles
were well crystallized, and the patterns are in good agreement with hexagonal structure (Space
group: Pscl (165), Cell=0.7187x0.7187x0.735 nm?, av = = 90 °, v = 120 °) known for bulk
LaF3; (JCPDS card No. 32-0483) [26]. The calculated cell parameters a = b = 0.7126 nm and
¢ = 0.7255 nm for the LaF5: Nd**Sm3* nanoparticles, are smaller than those of undoped LaF;
nanoparticles (a = b = 0.7187 nm and ¢ = 0.735 nm.

The decrease in the lattice parameters of LaF;: Nd3>T , Sm®" nanoparticles can be
attributed to the smaller radius of Nd** ion (0.99 nm) and Sm3* ion (0.96 nm) in comparison
to the La* ion (0.106 nm) [27-29]. This indicated that Nd®>* ions and Sm®* ions were doped
into the LaF3 lattice and occupied the site of La®>* ions, with the formation of a LaF3: Nd3*,
Sm3* solid solution. The broadening of diffraction peaks for LaFs: Nd**, Sm®* nanoparticles
is also shown by Fig. 1, which revealed the nanocrystalline nature of the samples. According
to the Scherrer equation, D = 0.90\/f3 cos #, where D is the average crystal size, A is the x-ray
wavelength (0.15405 nm); 6 and S being the diffraction angle and full width at half maximum
of an observed peak, respectively. After subtraction of the equipment broadening, the full width
at half maximum (FWHM) of the strongest peak (111) at 260 = 27.9 ° helped to calculate the
average crystalline size of LaFs: Nd**, Sm®* nanoparticles as 15-20 nm.

The transmission electron microscopy (TEM) image in Fig. 2 showed that the particles
were well separated from each other. The nanocrystals had a hexagonal shape and a particle size
of 6-20 nm. When these nanocrystals were incorporated into the polymer matrix, these particles
were so small that the Rayleigh scattering was negligible. The selected area electron diffraction
(SAED) pattern in (Fig. 2 inset) showed three strong diffraction rings corresponding to the (002),
(111) and (300) reflections, which is in agreement with the hexagonal LaF; structure [30],
suggesting that the original structure of LaF; was retained even after the modification. The
particle sizes derived using TEM were in agreement with the values obtained from XRD studies.

Figure 3 has shown FTIR spectrum of the LaF;: Nd**, Sm3* nanocrystals. The charac-
teristic absorption peaks were observed in the 4000-500 cm~! range. The broad absorption band
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FIG. 1. XRD pattern of LaF5: Nd**, Sm3* nanocrystals

FI1G. 2. TEM image of Nd**, Sm3* doped LaF; nanocrystals

at 3434 cm™! can be attributed to v,, (O-H) stretching and bending vibrations. The peaks at
2925 cm~! and 2853 cm~! correspond to the v,, (C—H) group of the long alkyl chain [31-34].
The peak at 1632 cm™! could be assigned to § (H;O) bending vibrations from the residual
water, while the one at 1439 cm~! can be assigned to the asymmetric (v,,) and symmetric
(v4s) bending vibrations of § (O-H) group from methanol. Other absorptions can be assigned to
methanol and acetone as a result of their use in the preparation of the sample.

Nonlinear optics (NLO) is the branch of optics which studies the nonlinear interactions
of electromagnetic radiation and the medium through which it is propagated. The nonlinear
interactions arise when the medium responds in a nonlinear manner to the incident radiation
fields, this being characterized as a change in the wavelength frequency of the incident elec-
tromagnetic waves. Typically, these nonlinear interactions are observed only with very high
intensity (electric field) light. Second-harmonic generation (SHG) is a second-order nonlinear
phenomenon, whereby a fundamental wave is partially converted into a second-harmonic (SH)
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FIG. 3. FTIR spectrum of the of Nd**, Sm3" doped LaF3 nanocrystals

wave with twice the initial frequency. The experimental setup for SHG studies used a mirror
and a 50/50 beam splitter. A Q — switched Nd: YAG laser (1064 nm) was used with input
pulse energy of 6 mJ/pulse and pulse width of 8 ns which is incident on the LaF3 powder. The
particles were grained into fine powder and packed in the micro capillary tube after sieving.
The generation of the second harmonic (SHG) was confirmed by the emission of green radiation
(532 nm).

SHG is a key technology as frequency doublers of laser light. The second harmonic
generation (SHG) efficiency of the LaF; doped Nd*>*, Sm®* nanocrystals was studied by using
modified version of the Kurtz and Perry [35] methodology with Potassium dihydrogen phosphate
(KDP) as the reference material. In comparison to the harmonic signal of 22 mV produced
from KDP, an SHG efficiency of 0.281 (6.2 mV) was recorded in de-ionized water and 0.513

(11.3 mV) for LaF; doped Nd*", Sm*" in methanol. Less work has been done on SHG
efficiency.

5. Conclusions

Nanocrystals of LaF;: Nd®>*, Sm3" have been rapidly synthesized by chemical route
in an aqueous medium using domestic microwave oven at low power range. These hexagonal
lanthanide-doped nanocrystals had particle sizes varying from 15-20 nm, as confirmed by both
TEM and XRD studies. FTIR analysis was used for the identification of fundamental groups
present in the materials. The SHG efficiency of LaF3:Ln*" (Ln®": Nd3*, Sm3") containing rare
earth elements was determined to be less than the value obtained for pure KDP crystals.
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