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infrared (FT-IR) spectra.

In this work lanthanum hydroxide nanoparticles were synthesized by sonochemical method. La,;03
nanoparticles were obtained after calcination of the La(OH); nanoparticles precursor in air at 600 °C for
2 h. The effect of some parameters such as concentration of precursors, pulse time of sonication, time of
sonication, and addition of PEG as surfactant on the morphology and the particle size were studied. The as-
prepared products were characterized by X-ray diffraction (XRD), scanning electron microscopy (SEM),
transmission electron microscopy (TEM), X-ray photoelectron spectrum (XPS) and Fourier transform

© 2010 Elsevier B.V. All rights reserved.

1. Introduction

The synthesis, production and manipulation of materials on the
nanoscale is currently one of the favorable areas of research which
also attracts the industrialists for designing and fabricating new
functional materials with novel special properties [1,2]. Because
of their unique electronic configuration [4f electrons] lanthanides
have been applied in various fields; also these lanthanide-based
materials have attractive and interesting magnetic [3], optical [4,5],
electrical and therapeutic [6] properties. Among the lanthanides,
lanthanum has been extensively examined for its unique properties
[7-12]. And lanthanum have been synthesized in various composi-
tions such as La(OH)3 [13], LaF3 [5], Lay(CO3)3 [14], LaPO4 [15-17],
LaBOj3 [18], LaOF [19], LapSn,07 [20], Lay 05 [21] nanoparticles.

Although many methods have been developed for the syn-
thesis of lanthanum nanostructures including hydrothermal [22],
solvothermal [23], micro emulsion or reverse micelles [24], sol-gel
[25], laser deposition [26] and other chemical and physical meth-
ods; but some of these methods are affected from long reaction
time, high temperature, high pressure, expensive surface materi-
als)surfactant) and so on.

In 1999 a simple, effective and novel route, i.e. sonochemical
method, developed to prepare nanostructures [27]. Recently, ZnO
nanorod/Ag nanoparticle composites have been successfully pre-
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pared by Li et al. via sonochemical process [28]. A sonochemical
method has been used for synthesized MnO, nanoparticles inside
the pore channels of carbon by Zhu et al. [29]. Nanosized copper alu-
minate particles were synthesized using a precursor method with
the aid of ultrasound irradiation [30].

In this work lanthanum hydroxide nanoparticles were success-
fully prepared from the reaction of lanthanum acetate and NaOH by
sonochemical method. Then, lanthanum oxide nanoparticles were
prepared from the calcinations of resulted product at 600 °C. Also,
effects of weight ratio or molar ratio of NaOH/La(OAC)3 on size
and morphology of products were examined. As-prepared products
were characterized by powder X-ray diffraction (XRD), scan-
ning electron microscopy (SEM) transmission electron microscopy
(TEM), X-ray photoelectron spectrum (XPS) and FT-IR spectroscopy.

2. Experimental
2.1. Materials and physical measurements

All the chemicals reagents used in our experiments were of analytical grade
and were used as received without further purification. A multiwave ultrasonic
generator (Sonicator 3000; Bandeline, MS 72, Germany), equipped with a con-
verter/transducer and titanium oscillator (horn), 12.5mm in diameter, operating
at 20 kHz with a maximum power output of 60 W, was used for the ultrasonic irra-
diation. The ultrasonic generator automatically adjusted the power level. The wave
amplitude in each experiment was adjusted as needed. XRD patterns were recorded
by a Rigaku D-max C III, X-ray diffractometer using Ni-filtered Cu Ko radiation. Ele-
mental analyses were obtained from Carlo ERBA Model EA 1108 analyzer. X-Ray
Photoelectron Spectroscopy (XPS) of the as-prepared products were measured on
an ESCA-3000 electron spectrometer with nonmonochromatized Mg Ka X-ray as
the excitation source. Scanning electron microscopy (SEM) images were obtained
on Philips XL-30ESEM equipped with an energy dispersive X-ray spectroscopy.
Transmission electron microscopy (TEM) images were obtained on a Philips EM208
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Table 1
Experimental condition for the preparation of La(OH); and La,0s.
Sample no.  Pulsation Calcinations’ Amount of Amount of Weight ratio of ~ Molar ratio of Time of sonication Amount of PEG
time at 600°C NaOH (mmol) La(OAC); (mmol) NaOH/La(OAC); NaOH/La(OAC);  (min) (ml)
(h)
1 Off - 7.5 0.63 1.5 12 30 -
2 Off - 7.5 0.95 1 8 30 -
3 Off - 7.5 13 0.75 6 30 -
4 Off - 5.0 2.6 0.25 2 30 -
5 off - 5.0 2.6 0.25 2 30 3
6 Off 2 5.0 2.6 0.25 2 30 3
7 Off 2 7.5 1.3 0.75 6 30
8 2sonlsoff - 7.5 1.3 0.75 6 30 -
9 4sonlsoff - 7.5 13 0.75 6 30 -
10 8sonlsoff - 7.5 1.3 0.75 6 30 -
11 Off - 7.5 1.3 0.75 6 - -
12 Off - 0.5 2.6 0.25 2 15 -
13 Off - 0.5 2.6 0.25 2 45 -

transmission electron microscope with an accelerating voltage of 100 kV. Fourier
transform infrared (FT-IR) spectra were recorded on Shimadzu Varian 4300 spec-
trophotometer in KBr pellets.

2.2. Preparation procedure

Different amounts of dissolved NaOH in 30 ml water were added dropwise to
the solution of lanthanum acetate with different concentration and were sonicated
for 15, 30 and 45 min with high-density ultrasonic probe immersed directly into the
solution according to Table 1. The resulted products were collected by centrifuga-
tion 6000 rpm and were washed three times with distilled water and dried at 50°C
inoven (Scheme 1).In order to investigate the effect of pulsation on the morphology
and size of obtained nanoparticles, pulses were carried out with different periodic
time to the solutions (Table 1). To investigate the role of surfactant 3 ml of polyethy-
lene glycol 600, (PEG), were added to the lanthanum acetate solution and then the
resulted product was washed with distilled water several times for removing all of
the PEG and then, pure sample was obtained.

Ultrasonic irradiation .
La,(CH;C00), + NaOH -
H,0 ol
La(OH),

PEG= _V\;/ \fOO °C

Scheme 1. Materials produced and formation methods of La,0s.

E : PEG removig

La(OH),

(b)
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]
ol s
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Fig. 1. XRD patterns of (a) sample no. 10 and (b) sample no. 7.

Fig. 2. TEM images of (a) sample no. 10 and (b) sample no. 7.

3. Results and discussion

Shown in Fig. 1a is the wide-angle XRD pattern of sample no.
10. All of the diffraction peaks can be indexed to the hexagonal
structure of La(OH)s (space group P-3m1) which is very close to
the values in the literature (JCPDS No. 36-1481 with cell constant
a=6.5286A, b=6.5286 A and c=3.8588 A). The broadening of the
peaks indicated that the particles were of nanometer scale. The



4100

M. Salavati-Niasari et al. / Journal of Alloys and Compounds 509 (2011) 4098-4103

(a)
T 3dmLa 3d,,
El
)
; Ladd C 1s(284.62)
=
0 100 200 300 400 500 600 700 800 900 1000 1100
Binding energy (eV)

= La3d,, (851.50) =

a .

La 3d,,, (834.75) ' GlE(25%:55)
3 e
& e S
-y 2
e g
2 2
£ £ /
830 840 850 860 870 524 528 532 536
Binding energy (eV) Binding energy (eV)

Fig. 3. XPS spectra of the La, 03, (sample no. 7): (a) survey spectrum, (b) La 3d region and (c) O 1s region.

average particle size of the obtained products was estimated from
Debeys-Scherrer equation:
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Fig.4. FT-IR spectraofthe as-synthesized products: (a) sample no. 10 and (b) sample
no. 7.

where f is the breadth of the observed diffraction line at its half-
intensity maximum, K is the so-called shape factor, which usually
takes a value of about 0.9, and A is the wavelength of X-ray source
used in XRD [31], was about 12 nm.

Fig. 1b shows the XRD pattern lanthanum oxide, sample no. 7,
resulted from calcination of sample no. 10 at 600°C for 2 h, from
which we concluded that the La;03 with high purity obtained
and the pattern matches with La,Oswith hexagonal structure
(space group P-3m1 with cell constanta=3.9381 A, b=3.9381 Aand
c=6.1361 A, JCPDS No.83-1344), the sharp diffraction peak the sam-
ple indicated that well crystallized lanthanum oxide crystals can be
prepared under current synthetic procedure. The broadening of the
peaks indicated that the particles were of nanometer scale. Average
size of the particles was estimated from Scherrer equation, average
particles size of the particles was 45 nm.

TEM photographs of the products have been given in Fig. 2.
Fig.2a and b show TEM images of La(OH)3, sample no. 10, and La; O3,
sample no.7, respectively. The size of nanoparticles obtained from
the XRD diffraction patterns are in close agreement with the TEM
studies which show sizes of 1542 nm for sample no.10, also the
particles are observed to be agglomerated (Fig. 2a). Fig. 2b shows
TEM image of La, 03 nanoparticles, sample no. 7, which also shows
the average particle size of La; O3 is about 40 &2 nm.

Further evidence for the composition was illuminated by the
XPS of the Lay03 (sample no. 7). The binding energies obtained in
the XPS analysis were corrected for specimen by referencing the C
1s to 284.62 eV. The survey XPS spectrum of the product (Fig. 3a)
suggests that there are no other metal elements on the surface of the
sample except for La. Fig. 3b which shows that the binding energy of
La3ds); and La3d;p, are 834.75 and 851.50 eV, respectively [32,33].
In Fig. 3c, it can be seen that the O 1s profile is asymmetric, indi-
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Fig. 6. SEM images of (a) sample no. 8, (b) sample no. 9, (c) sample no. 10 and (d) sample no. 11.
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Fig. 7. SEM images of the La(OH); nanoparticles: (a) sample no. 12 and (d) sample
no. 13.

cating that two oxygen species are present in the nearby region.
The peak which is about 529.89 eV can be indexed to the 02~ in the
La203

FT-IR spectra were recorded to show the functional groups for
every product at each step of the synthesis. The infrared spec-
tra of sample no. 10, and sample no. 7 are shown in Fig. 4. In IR
spectrum of sample no. 10 we see that lanthanum hydroxide was
synthesized but we see carbonate anion absorption (Isolated, pla-
nar CO32~ anion has a Dsh symmetry (Fig. 4a)). The absorption
peak at 3360cm~! in Fig. 4a is attributed to the stretching vibra-
tion of the O-H bond and the bending vibration of H-O-H from
water molecules on the external surface of the samples during han-
dling to record the spectra. According to Fig. 4b a sharp peak at
3607 cm~! is appeared which is assigned for stretching mode of
OH~ in La(OH)3 (sample no. 10). The weak broad absorption bands
at 1500-1435cm™! are attributed to asymmetric stretching mode
of CO32~ group. The absorption bands at 848 and 688 cm~! can be
assigned to the bending out of plane vibrations and in plane vibra-
tions [34], respectively. These absorption bonds were related to
the absorbed water and CO, on the surface of lanthanum hydrox-
ide. A sharp peak was observed at about 462 cm~! which can be
attributed to stretching vibration of the La-O bond. Fig. 4b shows
IR spectrum of sample no 7 from which we can conclude that lan-
thanum oxide was synthesized from the calcinations of lanthanum
hydroxide at 600°C for 2 h. The carbonate and water absorption
bonds can be seen at this temperature because of basic character
of lanthanids that absorb atmosphere water and carbon dioxide. In
fact after absorption of water absorbed CO, form carbonate anion.
It has been reported that La,O3 and La(OH)3 are very sensitive to

atmospheric conditions. When they are exposed to atmospheric
carbon dioxide under ordinary conditions of temperature and pres-
sure, the process of carbonation occurs, leading to the formation of
surface carbonates or hydroxyl carbonates. For this reason storing
of these compounds away from atmospheric condition is neces-
sary [35-38]. In Fig. 4b the absorption band of carbonate ions were
reduced and the absorption band of cubic phase La,03 appears at
571 and 464cm™1.

In addition, some other conditions were examined to inves-
tigate the morphology changes of products, if any, and compare
them with each other. One of key parameters which can be effec-
tive on particle size is molar ratio NaOH/La(OAC)s. Fig. 5 shows
SEM images of the lanthanum hydroxide nanoparticles prepared
at different molar ratio for NaOH/La(OAC)3 sonicated for 30 min. In
sample no. 1 (sonication at highest ratio of NaOH/La(OAC)3) we see
smallest particles that have stuck together because the concentra-
tion of lanthanum acetate in solution is low and therefore causes
concentration of resulted lanthanum hydroxide to be low on the
other hand sonication power is primarily consumed for fragmen-
tation and remained excess energy causes particles collide and stick
together (Fig. 5a). In sample no. 2, (Fig. 5b), (sonication at low ratio
of NaOH/La(OAC)3 in comparison with sample no. 1) increasing
amount of lanthanum acetate causes increasing concentration of
resulted lanthanum hydroxide and consequently more consump-
tion ultrasonic power for fragmentation lower excess energy for
collision and lower stuck of particles in comparison with sample
no. 1. We see this trend in sample no. 3 at which we increase the
amount of lanthanum acetate and as a consequence the separa-
tion of particles increases (pay attention that in the samples 1 to 3
molar amount of NaOH is excess need for formation of La(OH)3 and
amount of lanthanum acetate limits amount of La(OH)3), (Fig. 5¢).
In sample no. 4 the amount and concentration of La(OH)s is equal
to sample no 2 but in sample no. 2 we have excess amount of NaOH
and therefore pH is high so increasing pH value causes the particles
stuck together (Fig. 5d).

In order to investigate the effects of pulsation on the size of
obtained nanoparticles, pulsing was carried out on the solution
with different periodic times (Fig. 6). In SEM image of sample no. 8
(2s on 15 off) it can be observed that the product mostly is aggre-
gated (Fig. 6a). In SEM image of sample no. 9, (Fig. 6b), (4 s on 1 s off)
fine particles are formed but stuck one another and sonication can
not separate them, in fact sonication time was adequate only for
forming tiny particles, not for separating particles from each other.
Fig. 6¢ shows sample no. 10 (8s on 1s off) which tiny and sepa-
rated particles were formed. Taking a look at Table 1, makes it clear
that sample no. 3 (sonication at continuous state) and no. 10 (8 s on
1s off) (Table 1) have the same conditions except pulsation. Figs.
5c and 6¢ show that both samples contain small particles; how-
ever, pulsation results in more separated particles. Fig. 6d shows
the SEM image of sample no. 11 which was synthesized without
ultrasonic treatment as a reference experiment. This image can help
us to see the advantage of using ultrasonic treatment in the syn-
thesis of La(OH); nanoparticles. As can be observed, the successful
preparation of nanosized products is indeed due to the ultrasonic
treatment.

For investigating the effect of sonication time on the morphol-
ogy of the lanthanum hydroxide, the reaction carried out in 15 and
45 min as well as. As Fig. 7a shows with decreasing aging time to
15 min (sample no. 12), the obtained particles were bigger than
the particles of sample no. 4 with the aging time of 30 min. With
increasing of the aging time to 45 min (sample no. 13) the nanopar-
ticles with average size of 100 nm in diameter is produced, Fig. 7b.

Fig. 8 shows the surfactant effect on the morphology and size of
nanoparticles of lanthanum hydroxide. In Fig. 8a (sample no. 5) we
can see that added PEG keep particles Close together and spherical
particles were formed (see Fig. 5d and compare with Fig. 8a). But
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Fig. 8. SEM images of the La(OH); nanoparticles: (a) sample no. 5, and (b) sample
no. 6.

in Fig. 8b (sample no. 6) we see that spindle shape particles were
formed in fact at Fig. 8a as well as spindle were formed, we con-
cluded that in the presence of PEG formed nanoparticles absorb
on the surface of PEG and nanowires were formed (presence of
PEG cause formation of nanowires) this nanowires are winding and
form spindle [25].

4. Conclusion

In summary, La(OH); nanoparticles with the hexagonal struc-
ture type were synthesized by a sonochemical method. This method
brings forward a broad idea to synthesize other rare-earth com-
pounds with various morphologies and novel properties. Also, we
have found a simple route to prepare La;O3 nanoparticles by facile
thermal treatment of La(OH);. The XRD, TEM, SEM, XPS, and FT-IR
were used to characterize the products. The effect of some param-

eters such as time of sonication, time period of pulse sonication,
weight ratio or molar ratio of NaOH/La(OAC)s, and addition of PEG
as surfactant on the size and morphology of the obtained products
were also investigated.
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