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a  b  s  t  r  a  c  t

Sm3+ doped  borochromate  glasses  of  composition  [xSm2O3–74.5B2O3–25Li2O–(0.5  −  x)Cr2O3]  with  x =  0,
0.1,  0.2,  0.3,  0.4 and  0.5  mol%  have  been  prepared  by  conventional  quenching  melting  method.  The  XRD
profile  confirm  the  amorphous  nature  of  the  glass  samples.  The  density  measurements  were  made  using
Archimedes’  principle  of  the  prepared  samples.  Molar  volume  VM, rare-earth  ion  concentration  N and
ionic radius  rp as well  as  field  strength  F have  been  estimated  from  the  density  measurements.  The
average  optical  basicity,  �th, electronegativity  �2av and  electronic  polarizability  ˛2− were  calculated  for
are earth material
-ray diffraction

R
SR

the  prepared  glass  samples.  Influence  of rare  earth  ions  on  structural  behavior  in  borochromate  glasses
have  been  investigated  using  infrared  spectroscopy  (IR).  The  structural  changes  have  been  analyzed  with
increasing  rare  earth  concentration.  Partial  BO3 ↔  BO4 conversion  as  a function  of  rare  earth  concentration
was  observed.  From  the relative  peak  areas  of  BO3 and  BO4 in structural  groups  the  ratio  N4 has  been
calculated.  ESR  spectra  were  recorded  at room  temperature.  The  obtain  ESR  signals  were  used  to estimate
the paramagnetic  susceptibility  (�).
. Introduction

Glasses are more preferred as host matrix because of their high
ransparency, ease of mass production and shaping. Moreover,
lasses show high dispersibility of many additives, large inhomoge-
eous broadening, and chemical durability as well as their unique
hermal and mechanical properties [1,2]. Rare-earth ions play an
mportant role in modern technology as active constituents of many
ptical materials. Their peculiar properties are due to the fact that
he 4f electrons are shielded by the outer 5s and 5p bonding elec-
rons, which lead to sharp absorption and emission lines due to
eak interaction with the environment [3,4]. The rare earth ele-
ents (lanthanides) doped glasses have been a subject of interest

n last decades because of their potential applications in optical
evices such as solid state lasers and optical fiber communication.
lthough there has been a considerable number of investigations

n the UV–VIS–NIR regions in order to evaluate the electronic struc-
ure and spectroscopic parameters associated with the lasing action
f these lanthanide ions in crystals and solids. However, little infor-
ation is known about the spectroscopic properties of such ions

n glassy solids. Samarium ion can coexist in different valances in

lass (+3 and +2) depending on the method of preparation. Under
eutral melting condition in air, Sm3+ ions occur predominantly.
he radiative properties of the doped ion depends on the dopant

∗ Corresponding author. Tel.: +20 12 1764 428.
E-mail address: drwael 7@yahoo.ca (W.Z. Tawfik).

925-8388/$ – see front matter ©  2011 Elsevier B.V. All rights reserved.
oi:10.1016/j.jallcom.2011.08.037
© 2011 Elsevier B.V. All rights reserved.

concentration as well as the chemical composition of glass and the
nature of neighboring ions if more than one type of rare earth ion is
present, several workers have been studied Sm spectra in various
glass matrices [5–7].

In order to identify new optical devices for specific utility, or
devices enhanced performance, an appropriate host has to be pre-
pared. Borate glass are considered to be a suitable host for optical
materials because of their special properties [6,8]. But its applica-
tions are restricted due to its high phonon energy. Borate glasses
in particular, have been the subject of numerous infrared studies
in order to study their structure peculiarities [9,10].  The IR spec-
troscopy is the most advantageous tool for the study of structural
features of amorphous materials. The vibration modes of borate
network are seen to be mainly active in three different spectral
regions (1200–1600), (800–1200) and around 700 cm−1 which are
similar to those reported by several workers [11,12].

Transition metal ions are being greatly used in the present days
to probe the glass structure since their outer d-electron orbital
functions have a broad radial distribution and due to their high sen-
sitive response to the changes in the surrounding actions. Among
various transition metal ions, the chromium ion, a paramagnetic
metal ion, when dissolved in glass matrices in very small quan-
tities makes the glasses colored and has a strong influence over
the optical transmission and the insulating strength of the glasses,

since it exists in different oxidation states viz., Cr3+-(acting as mod-
ifier with CrO6 structural units) and Cr6+-(acting as network former
with CrO4

2− structural units). The content of chromium in differ-
ent states with different structural units in the glass depends on

dx.doi.org/10.1016/j.jallcom.2011.08.037
http://www.sciencedirect.com/science/journal/09258388
http://www.elsevier.com/locate/jallcom
mailto:drwael_7@yahoo.ca
dx.doi.org/10.1016/j.jallcom.2011.08.037
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Fig. 1. X-ray pattern for the glass system.
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he quantitative properties of modifiers and glass formers, size of
he ions in the glass structure, their field strengths, mobility of the

odifier cation, etc. Further, the most common optical absorption
ransition, 4A2 → 4T2 (which has a strong bearing on the lumi-
escence efficiency) of Cr3+ ion is found to be very sensitive to

ts chemical environment. Extensive investigations on the optical
bsorption, luminescence and ESR spectroscopy of Cr ion in a vari-
ty of inorganic glasses have been made in the recent years in view
f their importance in the development of tunable solid state lasers
nd new luminescence materials [13–17].

In the present work the physical properties of Sm3+ doped
orochromate glasses were investigated. IR spectra in the range
f (400–4000 cm−1) have been recorded and analyzed. The influ-
nce of the Cr2O3 content on the local symmetry and spectroscopic
eature has been investigated.

. Procedure

The method of glass preparation is the same as that described in
ur earlier paper [18]. The composition of the glasses studied in the
resent work are xSm2O3–74.5B2O3–25Li2O–(0.5 − x) Cr2O3 with

 = 0, 0.1, 0.2, 0.3, 0.4 and 0.5 mol%. The prepared glasses had good
ransparency and were circular in shape with a uniform thickness
f about 0.2 cm.  The glass samples of uniformly transparent were
hosen for optical studies. The powder samples were prepared by
rushing and grinding the glass pieces in an agate mortar. The pow-
er was used for measurements of IR and ESR spectroscopy. The
lass system was examined by X-ray diffraction (XRD) at room tem-
erature. The density of the prepared glass system was  determined
t room temperature by simple Archimedes’ principle using toluene
s immersion liquid (�0 = 0.886 g/cm3). The molar volume was cal-
ulated by using the measured density and molecular weight of
lass. Infrared spectra were measured at room temperature using
T-IR PerkinElmer in the range of 400–4000 cm−1. The ESR spec-
ra were recorded at room temperature using ESR spectrometer
EMX-Bruker)-operating in X-band frequency.

. Results and discussion

XRD patterns of the glass sample are shown in Fig. 1; no diffrac-
ion peaks were observed which confirm the amorphous nature of
he glass samples. The measured and calculated values of the den-
ity (�) along with the molar volume (VM) are listed in Table 1 and
hown in Fig. 2. The density increases linearly from 2.147 to 2.299
g/cm3) as Sm2O3 content increases from 0 to 0.5 mol%. The increase
n density can be accounted for by the difference in the atomic mass
nd atomic radii of Cr and Sm,  where the atomic mass of Cr and
m atoms are 51.9961 and 150.36, respectively and their atomic

adii are 1.66 Å and 2.38 Å, respectively. The difference in ionic radii
eads to higher compactness by Sm addition. In this respect Sm ions
xhibit large coordination number [19]. The observed compactness
lso may  be related to the transformation of BO4 to BO3 structural

able 1
hysical properties of the prepared glass samples.

X mol% 0 0.1 0.2 

�exp. (g/cm3) 2.146908 2.179608 2.21
�th. (g/cm3) 2.153612 2.207324 2.26
Vm (cm3) 27.99253 27.66282 27.29
N  × 1020 (ion/cm3) – 0.218 0.44
rp × 10−7 (Å) – 1.44 1.14
F  × 1015 (cm−2) – 2.98 4.77
X2av 2.609240 2.609044 2.60
�th 0.59559 0.59569 0.59
˛2− × 10−24 (cm3) 1.55608 1.55621 1.55
N4 0.242002 0.253154 0.34
2 3

Fig. 2. Density and molar volume as a function in Sm2O3 content.

units [20]. The behavior of molar volume follows a trend opposite
to that of density which is the normal expected behavior. The rare
earth ion concentration (N) is calculated using the formula [21]:

N(ions/cm3) = [NA(mol% of rare earth)�]
M

where NA is the Avogadro’s number, � is the density and M is

the average molecular weight. The obtained values of N are listed
in Table 1. It is observed that the concentration N increases with
increasing of Sm2O3 content as shown in Fig. 3. It should be
mentioned that the samarium ions are assumed to be uniformly

0.3 0.4 0.5

5853 2.244082 2.26174 2.299055
0004 2.311683 2.362388 2.412147
911 27.04335 26.91923 26.56783
1 0.668 0.895 1.13

 0.993 0.901 0.833
 6.29 7.64 8.94
8848 2.608652 2.608456 2.608260
578 0.59588 0.59597 0.59606
635 1.55648 1.55662 1.55675
0874 0.362265 0.351731 0.36605
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Fig. 3. The relation between the rare earth ion concentration (N) and Sm2O3 content.
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Fig. 4. Field strength (F) and ionic radius (rp) as a function of Sm2O3 content.

istributed in the glass matrix [19]. The obtained values of N are
sed to calculate the ionic radius (rp) according to the relation [22]:

p(A0) = 1
2

[
�

6N

]1/3

he estimated values of rp are presented in Table 1 and are shown
n Fig. 4. From the figure, it is clear that the estimated values of rp

ecreases by the increases of Sm2O3 content in the glass compo-
ition [23]. This may  be attributed to the enhanced compactness
bserved with Sm2O3 addition. It is worth mentioning that the
are earth ions are situated between the layers and thus the aver-
ge rare earth-oxygen distance decreases. As a result of that, the
m–O bond strength increases, producing stronger field strength
F) around Sm3+ ions as shown in Fig. 4 [19]. The field strength
round Sm3+ ion is calculated according to the equation [23]:

 = Z

r2
p

here Z is the atomic mass of the Sm ion and rp is the ionic radius.
he obtained values F are listed in Table 1.

The average optical basicity serves in the first approximation as
 measurement of the ability of oxygen to donate negative charge
ν(cm-1 )

Fig. 5. The IR spectra for the prepared glass samples.

in the glass samples [21]. The average optical basicity, �th, for
the glass system under study was  estimated using the electron-
negativity (�2av) for the oxides used in the glass system through
the formula:

�th = 0.75
�2av − 1.35

The average electronic polarizability ˛2− was estimated according
to the relation [24]:

˛2−
0 = �2av − 1.35

�2av − 1.80

The calculated values of �th, �2av and ˛2− are included in Table 1.
It is clear that the value of �th increases with the increase in mol%
of Sm2O3, i.e. the degree of covalency of the glass is decreased. It
is most likely to assume that the increasing �th with increasing of
Sm content means increasing the polarizability values and hence
the increase of the bond strength. This can explain the observed
increase of density by increasing Sm content.

The IR spectra at the room temperature over the range of
400–4000 cm−1 for the prepared glass samples are shown in Fig. 5.
The boron ion is a glass network forming cation and it may  occupy
the centers of oxygen triangles or tetrahedral [25]. In order to get
qualitative information about the structural groups in the samples,
the experimental observed bands were subjected to deconvolu-
tion (assuming Gaussian line form), Fig. 6 illustrated the results of
the deconvolution for (0.5 mol% Sm sample). The IR spectra show
eight absorption peaks the peaks are sharp, medium, and broad.
The broad bands are exhibited in the oxide spectra, most proba-
bly due to the combination of high degeneracy vibrational states,
thermal broadening of the lattice dispersion band and mechanical
scattering from powder samples [25]. In the present work the mid-
IR region consists of many bands around (690, 920, 1040, 1180,
1350, 1500 cm−1) connected with less intense bands or shoulder
in the ascending or descending lobes of these sharp bands at about
(820, 1250 cm−1). In the samples containing chromium, it is obvious
that the chromium ions have only minor effect on the IR spectra of
the studied glasses this may  be due to the low content of chromium
(maximum chromium value = 0.5 mol%), so the structural groups
remain unchanged giving their characteristic vibration. From the
relative peak areas of BO3 and BO4 in structural groups, which sep-
arated by Gaussian deconvolution, the ratio N was calculated using

the relation [26]:

N4 = BO4

BO4 + BO3
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Fig. 6. The IR spectrum for x = 0.5 is deconvoluted.

here BO4 is the area of BO4 units, calculated in the range
800–1200 cm−1), and BO3 is the area of BO3 units, calculated in the
ange (1200–1600 cm−1). The dependence of the ratio N4 on samar-
um content is shown in Fig. 7 and listed in Table 1. It is observed
hat, the values of N4 are less than unity, showing the predomi-
ance of BO3 units in these glass structure this can be accounted

or by the low content of network modifier (max. value 25% Li2O). It
s clear that, the ratio N4 increases by increasing Sm2O3 concentra-
ion revealing the transformation of BO3 to BO4 units. This is in good
greement with the density measurements (i.e. structure become
ore compact); also similar behavior was observed in europium

oped borate glass [27].
ESR of chromium ions in glasses is very interesting because

ts valence state may  change with the variation of glass compo-
ition and preparation conditions. Fig. 8 reveals ESR signals of the
nvestigated samples. It is clear that, all samples exhibit ESR signal
xcept the chromium-free sample (x = 0.5). This indicates that the
ost glass is free from any paramagnetic centers, which means that

he observed signals are only due to Cr3+ ions (d3 configuration).
s the concentration of chromium ion increased gradually up to
.5 mol% two signals, one at g = 1.98 and the other at g ∼ 5 should
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Fig. 7. The relation between N4 and the Sm2O3 content.
Fig. 8. ESR signal of prepared glass samples.

be observed [28–30]. However, in the present study only one signal
has been observed, which is due to the available range of the mag-
netic fields. The observed behavior suggested that the Cr ions are of
trivalent state and acted up on by octahedral ligand field. In an octa-
hedral field, the ground level of the Cr3+ (d3) ion is 4A2g; under the
action of a low symmetric field component and spin orbit coupling,
the fourfold degenerate spin state splits into two  Kramers doublets
±3/2〉 and ±5/2〉 [31,32]. The separation between these two  dou-
blets leads to the resonance at g = 2 to g ∼ 5. According to the theory
of Landry, the low field line with g ∼ 5 is attributed to the isolated
Cr3+ ions that have local rhombic sites subjected to strong crystal
field effects. This signal arises mainly due to −3/2 ↔ +3/2 that are
allowed due to low symmetry of Cr3+ ions. Comparatively larger
intensity of low field peak (g ∼ 5) indicates higher concentration of
isolated Cr3+ ions in this glass network [31]. In the present work
the resonance signal at g ∼ 5 was  not be observed because it is out
of range of the spectrometer (low external field). The intensity and
the line width of the resonance signal at g ∼ 1.98, arises due to the
exchange coupling between Cr3+ and Cr3+ ion pairs, are observed to
increase with increase in the concentration of chromium ions. Such
an increase indicates the increase of chromium ions in Cr3+ state
in the glass network and also the near absence of antiferromag-
netic interactions between Cr3+ ions [31]. This can be confirmed
from Fig. 9, in which the number of spins participating in reso-
nance (spin density N) increase with the increase of Cr-content. The
obtained spectra were analyzed using axial Spin-Hamiltonanian
[33]. The ESR parameters g‖, g⊥, A‖, and A⊥ are calculated and listed
in Table 2. In the present work the spin of chromium nucleus is
zero (I = 0) gives no orientation, i.e. no coupling constant was  found
(A‖, and A⊥ = 0) as shown from Fig. 8. The value of �g‖/�g⊥, where
�g‖ = (ge − g‖) and �g⊥ = (ge − g⊥) measures the tetragonal distor-
tion around the ions [34]. The values of �g‖/�g⊥ tend to increase
with concentration of Cr-ions (decrease with Sm-content) as shown
in Fig. 10.  This implies that as the concentration increase, the devi-
ation from the ideal octahedral symmetry increase and the CrO4

2−

ions become more tetragonally distorted. The obtained ESR param-
eters were used to calculate the paramagnetic susceptibility of the
sample using the formula:

Ng2ˇ2j(j + 1)

� =

3kBT

where N is the number of spins per m3 (spin density), the rest of the
symbols have their usual meaning, g = (g‖ + 2g⊥)/3. The values of �
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Table 2
The values of ESR parameters.

X mol% g‖ g⊥ A‖ A⊥ �g11/�g⊥ N × 1018 X × 10−9 1/X × 108

0 1.98 – – – 0.011137 5.07 11.4 0.87
0.1  1.9802 – – – 0.011037 3.8 8.59 1.16
0.2  1.98037 – – – 

0.3  1.98073 – – – 

0.4  1.98168 – – – 

0.0 0.1 0.2 0.3 0.4 0.5

1

2

3

4

5

N
 * 

10
18

Sm2O3 (mol%)

Fig. 9. The relation between number of spin density (N) and Sm2O3 content.

0.0 0.1 0. 2 0.3 0. 4 0.5
0.0100

0.0102

0.0104

0.0106

0.0108

0.0110

0.0112

g ll / 
g

a
l
d
t
i

4

x

w
a

[
[

[

[
[
[

[

[

[

[
[

[

[

[
[
[
[
[
[

[

[

[

[
Chem. 180 (2007) 2747.

[33] O. Cozar, I. Ardelean, I. Bratu, S. Simon, C. Cracium, L. David, C. Cefan, J. Mol.
Sm2O3 (mol%)
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s well as the reciprocal of paramagnetic susceptibility (1/�) were
isted in Table 2. It is clear that, it follow the same trend as spin
ensity. Inspection of the table reveals that g-value is slightly less
han that of free electron (ge = 2.0036) indicating that the electron
s slightly more free in a particular orbital about the atom.

. Conclusions

Glassy system of composition:
Sm2O3–74.5B2O3–25Li2O–(0.5 − x)Cr2O3

here x = 0, 0.1, 0.2, 0.3, 0.4 and 0.5 mol% has been prepared by
 conventional quenching melting technique. It is observed that

[

0.010952 3.27 7.39 1.35
0.010773 2.51 5.68 1.76
0.010244 1.14 2.58 3.78

the XRD data confirm the amorphous nature of the prepared glass
samples. The density increases by increasing Sm-content while as
the molar volume follows the opposite trend. On the other hand
the field strength increases by increasing Sm-content. The optical
basicity and polarizability are almost independent of the composi-
tion. IR spectra indicate that both Sm2O3 and Cr2O3 have minor
effect on the boron structural units. However, the ratio N4 was
found to increase with Sm2O3 content revealing the transforma-
tion of BO3 ↔ BO4. No ESR signals are observed for Cr-free sample
indicating the absence of paramagnetic centers and reveals that the
observed ESR signal is only due to Cr3+ ions.
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