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Abstract
The sol-gel preparation technique of transparent silica
monoliths containing up to 0.5 M of samarium have been described.
The sol-gel processing parameters are: acid catalyzed hydrolysis and
controlled drying. The prepared monoliths are analyzed by X-ray
diffraction, pycnometer measurements, Fourier transformation
infrared spectroscopy and optical spectroscopy. The oscillator
strengths of the Sm3+ ions in the silica monoliths are calculated. The
results show a linear concentration dependence of some Sm3+
transitions in UV/Vis absorption spectra and formation of Sm3+
clusters inside the pores structure of silica monoliths at high Sm3+
concentration.
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Xerogel دراسة مطيافية السماريوم المغلف بمصفوفات السيليكا
 وسام عبد علي تويج و محمد عبدهللا حميد، فراس جواد المالكي،بهاء طعمة جياد
 العراق، بغداد، الجادرية/ جامعة بغداد، كلية العلوم،قسم الفيزياء
الخالصة
 تركيز0.5  لتحضير كتل حجمية من السيليكا الشفافة المطعمة بتراكيز مختلفة لغايةSol-Gel تم وصف تقانة ال
 العامال المساااد الحامضام لعملياة: كاناSol-Gel موالري من ايوناا الساماريوما اا المتغيارا الخاصاة بعملياة ال
،الهدرجاة والساايطرل الااي امليااة التجفياافا تاام تحلياال نمااا ا الكتاال الحجميااة المحضاارل بايااتخدام حيااود اال ااعة السااي ية
 الحمراء و المطيافية البصريةا تم حساب دل التذبذب النتقاال ايونا الساماريوم: مطيافية اال عة تح،قيايا الكثافة
فاام نمااا ا الساايليكا الحجميااةا لقااد ائهاار ال تااا خ وجااود ااتماااد نطاام لقمااة حاازم بعا انتقاااال ايااوا السااماريوم ما
 كاذل ائهار ال تاا خ تشاكل مجاامي مان ايوناا الساماريوم دانال، مر م/التركيز ضمن المدى الطيفم الفوق ب فسجم
المساما التركيبية ل ما ا السيليكا الحجمية ا د التراكيز العالية للسماريوما
chemical – vapor- deposition, ion
implantation, flame hydrolysis, and ion
exchange [4]. An alternative technique to
prepare rare earth doped silica films or
monoliths are by using a wet chemical
process. The preparation of transparent
monoliths, containing Sm3+ - coumarin
complexes [Sm (K4)2 (H2O)4]×(NO3)3 or
[Sm(K2)2(H2O)2]×(NO3)3
was
demonstrated. Here, K4 and K2 are
different coumarine molecules, K2 is 3(3-4-(dimethyl-amino)
phenyl)-2Hchromen-2-one and K4 is ethyl 2-(7-

Introduction
The sol-gel process is a convenient
and versatile method of preparing
transparent optical materials at low
temperature [1]. Sol –gel derived
inorganic network materials doped with
Lanthanide
compounds
have
demonstrated
interesting
optical
prosperities like luminescence, coloration
and energy transfer [2,3].
Several methods have been developed
to fabricate Lanthanide (rare earth) ions doped silica, including plasma- enhanced
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hydroxy-2-oxo-2H-chromen
-4-yl)
3+
acetate. It was shown that sm -doped
ceramic powder or sol-gel glass is
promising material for luminescent light
filters [5].
In this paper, we investigated the
spectroscopic prosperities of the highly
doping levels of Sm3+ ions in silicate solgel materials in order to obtain more
information about the nature of rare–earth
optical centers in such materials.

This process was achieved at 60 ºC for
two days.
TEOS + EtOH+ SmCl3.6H2O

Mixing

H2O + EtOH

Added 0.5 ml C3H7NO
Final sol

Experimental:
Chemicals
The chemical materials used in the
synthesis of silica Xerogel samples doped
with
samarium
ions
were:
tetraethoxysilane (TEOS, purity > 98%),
spectroscopic grade ethyl alcohol
(C2H5OH), N,N dimethaylformamide
(C3H7NO), analytical grade samarium
chloride (SmCl3.6H2O), deionized water
catalyzed by hydrochloric acid (HCl, 0.15
M).
Sample preparation
The preparation of the monoliths was
based on the sol-gel scheme described in
figure (1). TEOS and absolute EtOH
were mixed together in a molar ratio of 1:
2. For the Sm3+-doped monoliths, a 1 ml
of 0.5 mol/l solution of samarium
chloride with pH 3 was added to the
mixture of TEOS and absolute EtOH,
before
the
hydrolysis.
After
homogenization of the mixture, deionized
H2O (pH 1) and absolute EtOH mixture
in a molar ratio of 2:1 was added for the
hydrolysis. The final solution was left for
30 minutes under magnetic stirring, after
this stage 0.5 ml of C3H7NO, as drying
control chemical additive, was added. pH
value of the final solution was 2, and this
solution was left 2 hour at room
temperature. The gelation of monoliths
was achieved by pouring the sol into
covered glass tube at room temperature.
After aging for 24 hour, the covers were
removed in order to permit solvent
evaporation through the drying process.

Pouring

Covered glass tube
Aging

Gel state
Drying

Monoliths

Fig. 1: Sol-gel preparation scheme for
samarium doped monoliths.
The described procedure allowed to
prepare transparent monoliths with
diameter of 0.37 – 0.40 cm, length of
1.20-1.42 cm and weight of 0.22030.3942 gm.The density of the obtained
monoliths were measured depending on
gas
displacement
method,
using
pycnometer device. The results show
that the density of prepared monoliths is
1.4 ± 0.1 g/cm3. Transparent non-doped
monoliths, as well as monoliths
containing 0.01, 0.05, 0.1 and 0.5 molar
concentration of Sm3+ were prepared.
Photographs of some monoliths were
presented in figure (2). At high
concentrations of Sm, the color of the
samples turned slightly yellow due to the
4f-4f Sm3+ transitions.
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Fig. 2: Photographs of transparent
monoliths with different Sm content,
(a) non-doped, (b) 0.01M (c) 0.05M ,
(d) 0.1M and (e) 0.5 M
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Fig. 3: X-ray diffraction patterns of
some monoliths ;( a) non-doped
monolith, (b) 0.01M Sm doped
monolith and (c) 0.1M Sm doped
monolith.

Results and discussion
Crystalline phases were not observed
in the samarium doped samples in
agreement with the X-ray diffraction
measurements as shown in figure (3). The
broad peaks presented in figure (3 b, c),
of Sm doped monoliths at about 2θ =
43.5°, show that the activator ions (Sm3+)
can be randomly distributed in the SiO2
network. This broad peak was
disappeared for the sample of 0.5 M Sm3+
(maximum level of Sm concentration in
the present work), which give an
indication about the clustering of these
ions in the pores structures of sol-gel
materials. The question about the state of
rare-earth clusters in silica networks is
still open and requires additional
investigations.

The FTIR spectrum of one monolith
was illustrated in figure (4). The
characteristics vibrational bands of silica
were found in the FTIR spectra., where;
the absorption bands at about 470 cm-1,
800 cm-1 and 1100 cm-1 which were due
to bending, symmetric stretching and
asymmetric stretching vibrations of Si-OSi groups respectively, while the weak
band at about 960 cm-1 was due to
stretching vibration of Si-OH groups[6,7].
Another two bands were appeared at
about 1600 cm-1and 3400 cm-1. These
two bands were the characteristics
vibration of O-H bond in water
molecules[8], and indicating that the
drying process at 60 ºC dose not
completely trap the water molecules from
the pores of silica Xerogel network.
Therefore, the monoliths produced from
TEOS and samarium chloride solution
needs heating at temperatures higher than
500 ºC to obtain sol-gel silica glass.
Because of silica sol-gel glasses obey
Zickeriazen`s rules [9], which explained
the structure of oxide glasses, the doped
Sm ions, depending on its size and its
high activation energy, can not substitute
the silicon atoms and thus can not form

51

Iraqi Journal of Physics, 2011

Baha T. Chiad , et. al

The absorption bands, due to Sm3+
transitions of 6H5/2→ 4D7/2 ~ 343 nm,
6
H5/2→ 4K15/2 ~ 359 nm, 6H5/2→ 6P7/2 ~
370 nm, 6H5/2→ 4L15/2 ~ 386 nm, 6H5/2→
6
P3/2, 4F7/2 ~ 401 nm, 6H5/2→ 6P5/2 ~ 412
nm, 6H5/2→ 4I13/2 ~ 457 nm and 6H5/2→
4
I9/2, 4M15/2 ~ 470 nm [10,11]. These
transitions indicate the presence of Sm3+
ions and its spectroscopic activity within
the monoliths structure. The Sm3+ 4f-4f
transitions, seen in the spectra, are in
good agreement with existing data[--]. It
can be also seen from in figure (5) that
the intensity of the peak absorption bands
is increased as a result of a corresponding
increase of Sm3+ concentration. This is
due to that the probability of absorption
process is increased as the Sm3+ ions
contribution in the silica network
increases, according to Beer's law.
In figure (6), the integral absorption
for some Sm3+ 4f-4f transitions: 6H5/2→
4
K15/2 ~ 359 nm, 6H5/2→ 6P7/2 ~ 370 nm
and 6H5/2→ 6P3/2, 4F7/2 ~ 401 nm, depends
linearly on the samarium concentration
(mol/l). This indicates that the prepared
sol-gel materials can be used for optical
application such as optical filters for UV
and 401 nm light. Depending on Beer's
law and from the slope of the lines given
in figure (6), the oscillator strengths of
these Sm3+ transitions in the monoliths
have been determined. The oscillator
strength of Sm3+ ions incorporated in
silica Xerogel matrices (assuming the
absorption curve to be Gaussian) can be
calculated using the relation[11]:

any ligands in the silica network. FTIR
measurements in the present work proved
this suggestion.
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Fig.4: FTIR spectrum of a monolith
containing 0.5 M Sm3+.
UV/Vis absorption spectra, at room
temperature, of Sm3+ doped monoliths are
presented in figure (5). The spectrum of
pure SiO2- monolith is given for
comparison. It can be seen that the broad
peak at 280 nm due to charge transfer
transition O2-→ Sm3+ in samarium doped
monoliths [10,11]. The absorption band of
the 280 nm transition depends on the
concentration of the Sm3+ ions
incorporated in the monoliths.
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Where ν is the wavenumber (cm1
), ξ(ν) is the molar extinction coefficient
and is equal to 1/Cd (log I0/I). C the
molar concentration, d the thickness of
the prepared monoliths in cm and log I0/I
is the optical density or absorptivity. The
results are presented in table 1. The
values of oscillator strength of Sm3+ are
connected with hypersensitive electricdipole transitions [11] and give an

2
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Absorbance

f = 4.32 × 10−9 ∫ ξ (ν) dν.

650

Fig. 5: Absorption spectra of Sm3+
non-doped and doped monoliths at
different concentrations.
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indication
that
there
is
noncentosymmetrical surrounding of Sm3+
ions in the silica network.

non-centosymmetrical
Sm3+ ions.
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Fig. 6: The integrated absorbance as a
function of Sm3+ concentration for
some Sm3+ transitions.
Table 1: The results of the oscillator
strength of some Sm3+ transitions for
the sol-gel monoliths
Sm3+
Transitions
6
H5/2→ 4D7/2
6
H5/2→ 4K15/2

νmax.
( cm-1)
29154.5
27855.1

6

H5/2→ 6P7/2

27027
24937.6
24271.8

6

6

4

H5/2→ P3/2, F7/2
6

6

H5/2→ P5/2

of
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technique. Formation of randomly
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