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Abstract: Nd
2
O

3
 nanoparticles were prepared by solgel method using hydrochloric acid as a catalyst. The silicates transformed

from the amorphous phase, via intermediate oxide phase, into crystalline phase upon heat treatment in air. Characterization
of the Nd

2
O

3
:SiO

2
 was carried out by using X-ray diffraction (XRD), Fourier transformation infrared (FTIR) and Scanning

electron microscopy (SEM). The effect of the annealing temperature and annealing time on the phase evolution of the
silicates has been discussed in detail. It was found that at temperature 850°C, the sample was sintered for 3h and obtained
neodymium silicates.
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1. INTRODUCTION

Rare earth ions play an important role in much of modern
optical technology as the active constituents of materials.
There are an amazing number of applications for these RE-
activated materials and much of today’s cutting edge optical
technology and further innovations rely on their applications
such as photonic devices [1], catalytic systems [2-4] and
photoluminescence [5]. Binary system containing nanometer
sized particles and glass matrix are important in various fields
of technology, including laser, opto-and micro-electronics and
optical fiber, etc [6-9]. Specially for photonics applications,
silica with its higher softening temperatures, higher thermal
shock resistance, and lower index of refraction than the other
oxide glasses, may be an ideal host matrix candidate for a
rare-earth elements and their oxides [10-12].

In the present report, we have studied effect of the
temperature and annealing time on the phase evolution of
the neodymium silicates synthesis by solgel technique. The
stem of this study is in the results of our earlier report [13],
in which, we demonstrated that the thermal annealing plays
crucial role in Iron oxide-silica nanocomposites. The average
size of neodymium oxide nanocrystallites in a silica matrix
was~10nm. The X-ray diffraction (XRD), Fourier
transformation infrared spectroscopy (FTIR), scanning
electron microscopy (SEM) data are presented of neodymium
silicates.
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2. EXPERIMENTAL

2.1. Samples

Neodymia – silica (binary oxide) silicates were prepared
by solgel technique. The high purity reagents: Tetraethoxy
silane (Aldrich 99.999), ethanol (Aldrich 99.9995), and
deionized water were mixed in the presence of hydrochloric
acid as catalyst (Aldrich 99.995). To prepare the samples,
the ratio of starting solutions was taken as
0.38:0.162:0.0923:0.031for H

2
O: C

2
H

5
OH: HCL: TEOS.

13wt% Neodymium oxide was introduced in the pre-
hydrolyzed solution in the form of nitrate under heating.
The hydroscopic nature of the Nd(NO)

3
 salt does not allow

its exact weighing, thus the salt was dissolved in deionized
water and metal content was determined by standard
titration. The pH of the resultant solutions was 2. The
solutions were filled in a quartz (10 × 20 × 45mm) and
kept in a drying oven at 90°C. It was observed that the
gelation act after approximately 5 days. Even after the
gelation the samples were still kept inside the oven for 18,
25 and 32 days for aging. The aging process allows further
shrinkage and stiffening of the gel. It was found that after
18 days, the percentage of shrinkage of the samples was
very low. To this end, it was noticed that the samples were
transparent and colorless while the color of the doped
samples was glassy violet-purple due to the presence of
neodymia. The dried samples were powdered by pestle and
mortar. The powder samples were calcined in muffle furnace
(KSL 1600X, MTI) in air at different heating rates i.e. from
room temperature up to 500°C at 2°C/h and after that
4°C/h from 500°C to 850°C.
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2.2. Methods

Complementary methods were used to characterize the
structure of the doped samples. X-ray diffraction pattern of
samples were carried out by a Philips X-ray diffractometer
PW/1710; with Ni filter, using monochromatised CuKα
radiation of wavelength 1.5418A° at 50KV and 40mA.
Scanning electron microscopy (SEM) of the samples was
done with JEOL-JSM-T330-A 35 CF microscope at an
accelerating voltage of 20KV. Infrared spectra were collected
from with a Perkin Elmer 1600 (spectrophotometer) in 4000-
500 cm–1 range.

3. RESULTS AND DISCUSSION

3.1. XRD

Fig.1 shows the XRD data of Nd
2
O

3
:SiO

2
calcined in air at

different temperatures (500-850°C) for different hours. The
powdered sample calcined at 500°C (3h) shows no particular
reflection peak, which infers that the powder is still
amorphous. When the calcination temperature was increased
up to 650°C and clamped for the 3h, change in the pattern
of reflections can be clearly seen. The two major but broad
reflections appeared at angle 2θ~28.7° and 30.1°. The former
reflection is narrower than the latter one and it could be
attributed to the Nd

2
SiO

5
 structure (JCPDS File No. 33-

0940). It is expected that the heat treatment of the sample
below the sintering temperature for 3h reduces the number
of pores and their connectivity and thus significantly alter
the amorphous phase. A significant phase change in
Nd

2
O

3
:SiO

2
 observed when the temperature was further

increased from 650 to 750°C and calcination was performed
at the temperature 750°C for three hours. It was noticed that
broadening of the reflection pattern (2θ ~30.1°) reduced,
while intensity of the broad reflection 31.1° increased.

Figure. 1: XRD Pattern of the Nd
2
O

3
-doped Silica Powder Sample

Annealed at 500°C (3h), 650°C (3h), 750°C (3h) and
850°C (4h) for Different Times

The broad reflection may be ascribed as initial phase
of tetragonal α-Nd

2
Si

2
O

7
. These observations infer that the

heat treatment around the sintering temperature for 3h
(typically) strongly supports the growth rate of Nd

2
SiO

5

phase in compare to the other phases. The sharpness of the
reflection arises because individual nano-structures merge
together and as a result the activation energy becomes much
larger and therefore cross grain-boundary diffusion
dominates over surface and volume diffusion.

However, at 850°C (4h) the phase (101) disappeared
and a weak and broad reflection occurred at 2θ = 29.2°. In
addition, α-Nd

2
Si

2
O

7
 phase becomes much stronger (JPCDS

File no. 23-1264). Similar results have been quoted in
previous reports [14]. The narrow diffraction pattern around
30.5° was employed to estimate the mean crystallite size
from Scherrer formula and found ~10 nm. These results
suggest that crystallite size increases during sintering for
longer annealing time because of the coalescence of
nanoparticles. One may also infer that, at the constant
sintering temperature, higher the heat treatment time larger
the crystallite size is. This phenomenon can be explained
by the assistance of the heat treatment time in the process of
particle fusion. It has been observed that the around sintering
temperature dislocations (micro-grains) become the main
lattice defect, which decreases with increasing temperature.
At 750°C (3hrs), most probably the dislocations are formed
first and then are arranged into subgrain boundaries and
structure. Therefore, diffraction intensity of (101) plane
decreased and, hence, also the crystallite size of that
structure.

3.3. FTIR

The infrared absorption spectra of the heat treated gel
samples provide some important information about the
structural changes as the dried gel is converted into a
densified medium. Fig. 2 shows FTIR spectra (range 4000-
500cm–1) of the heat treated doped powdered samples. In
temperature range 650-850°C, many discrete bands appeared
between 560 to1040cm–1. At 650°C (3h), a very broad and
strong band centered at 3459.2cm–1 was observed. In general,
in FTIR spectrum 3450 and 3400cm–1 are assigned to the
peaks of the H

2
O and hydrogen bonded Si-OH band,

respectively. In present the study, the water band overlaps
with the surface hydroxyl group vibration and results in the
broadening of the band. The band at 1640cm–1 is due to the
bending modes of H-O-H adsorbed at the silica surface [14].
One may notice that 650cm-1 and 900cm-1 absorption bands
are also appeared and they indicate presence of the Si-O-
Nd bonds in the sample [14]. Beside, a broad band at
1040cm–1 is also observed and can be ascribed to Nd

2
O

3
.

However, at 750°C (3h), absorption of the band 650cm–1

and broad band (3400 to 3500cm–1) decreases, while the band
at 1640cm–1 completely disappeared. The elimination of this
band indicates that sintered binary oxide is almost transparent
between 2550 and 2850cm–1. In contrast, the Si-O-Nd bond
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and Nd
2
O

3
 band become stronger which indicates further

improvement in the structure of Nd-silicates. Finally, at
850°C (4h), elimination of water molecules, Si-OH and
volatiles in FTIR spectra confirm that the densification of
the Nd

2
O

3
:SiO

2
 and also enhances this transmission of spatial

frequency 2700 to 4000cm–1. The presence of cubic Nd
2
O

3

is distinctly seen in the spectra at 1040cm–1 and agrees well
with those given in Ref [15].

Figure. 2: FTIR Spectra of Nd
2
O

3
-doped Silica at Different

Temperatures: 650°C (3h), 750°C (3h) and 850°C (4h)

2.3. SEM

In order to study morphology of the heat treated samples,
SEM micrographs are shown in figure 3. With increasing
annealing temperature and time duration, improvement of
crystallinity. One may notice that Nd

2
O

3
 are not being

dispersed uniformly through out the silica matrix, as a result
the structure of the clusters is irregular for this samples
calcination <750°C for three hour. It is expected that
concentration quenching screens uniform distribution of
neodymium oxide in the silica matrix. In order to overcome
from this problem, introduction and effect of the glass
modifiers such as aluminum or phosphorous in Nd

2
O

3
/SiO

2

binary system shall be the subject for further communication.
At 750°C (micrograph) exhibits that the most of the structure
of Nd

2
SiO

5
 similar to rod shaped [7]. At 850°C (4h), the

structure of the clusters were intended to form roughly
spherical structure.

Figure. 3(a): SEM Photograph of Nd
2
O

3
: SiO

2
 at Sample “a” :

650°C (3h)

Figure. 3(b): SEM Photograph of Nd
2
O

3
: SiO

2
 at Sample

“b”:750°C (3h)

Figure.3(c): SEM Photograph of Nd
2
O

3
: SiO

2
 at Sample “c” :

850°C (4h)
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3. CONCLUSIONS

Using solgel method Nd
2
O

3
:SiO

2
 binary oxides in different

structures were successfully obtained upon heat treatment
in air. At 650-850°C various intermediate Nd silicates grow
depending on the annealing temperature and annealing time.
During annealing, the aggregation in powders is due to solid
state bonds formed between nanoparticles and the gel.
Finally, monosilicates Nd

2
SiO

5
 nanocrystallites phase was

found at 850°C (4h) (size~10nm).
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