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Glasses with the Na2O–ZnO–P2O5 composition and doped with single CeO2, Sm2O3, or mixed dopants were melted and studied.
Collective optical, photoluminescence, and FT-infrared spectral studies were carried out. CeO2-doped glasses show two extra
UV absorption bands due to Ce4+ and Ce3+ ions while Sm2O3-doped samples reveal pronounced peaks collected into two
segments from 367 to 472nm and from 950 to 1623 nm which are characteristic of absorption from Sm3+ ions. The mixed dopants
glasses show combined UV-visible–near-IR absorption peaks due to cerium (Ce4+, Ce3+) ions and samarium (Sm3+) ions. The
photoluminescence spectra (PL) of the single CeO2-doped and Sm2O3-doped glasses and even the mixed dopant sample reveal
luminescence spectra after excitation which are characteristic of the rare-earth ions. The intensities for both excited or emitted
peaks are found to increase with the increase of the rare-earth percent. FTIR spectra of the glasses show pronounced vibrational
peaks related to phosphate groups (Q2 and Q3 units) in accordance with the P2O5 percent (70mol %).

1. Introduction

Phosphate glasses possess unique and interesting optical,
thermal, and electrical properties which make them can-
didates for a wide range of applications [1, 2]. The low
chemical durability of phosphate glasses has been changed
by the addition of multivalent oxides (such as Al2O3, PbO,
ZnO, Fe2O3), the resulting glasses have extended applications
including sealing glass, optical glass, and biocompatible and
bioactive glasses, and even iron phosphate has been studied
extensively for encapsulation of some radioactive wastes [3,
4].

Phosphate glasses doped with a transition metal or rare-
earth ions are considered as valuable materials for both
optical and electrical applications [4–7]. They can incorpo-
rate high percent of TMs or REs with brilliant colors and
distinctive optical and electrical properties [4, 6].

Extended studies of 3d transitionmetal ions dopedwithin
different phosphate glasses [8–12] indicated that most of the
TMs ions exhibit their lower valences.Thiswas assumed to be

due to the oxidoreduction equilibrium being shifted towards
the reduced lower valence states [8]. On the other hand, most
rare-earth ions are stable in trivalent valence state and their
characteristic optical spectra remain unaffected by the host
glasses when melted under normal atmospheric condition
because their electronic shell is protected from the effects of
the ligand fields by the outer 5s and 5p electrons [13–15]. An
exception is sometimes found in the lighter rare-earth cerium
ions which are frequently identified in both the three- and
four–valence states [15].

Glasses with dopants of rare-earth ions have continuously
drawn the attention through their potential applications in
solid-state lasers, optical amplifiers, and three-dimensional
displays [16, 17]. Samarium ion (Sm3+-4f5) is one of the highly
distinguished lanthanide ions for being able to characterize
the fluorescence properties such as its emitting 4G5/2 level.
This mentioned level possesses relatively high quantum
efficiency besides different quenching emission channels [18].

Cerium ions have the ability to exist in two possible
valence states, i.e., Ce3+ and Ce4+, whose percents depend
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Table 1: Chemical composition of the prepared glasses.

Sample Mol %
P2O5 ZnO Na2O Al2O3 CeO2 Sm2O3

G1 70 20 10 1 0 0
G1 70 20 10 1 0.5 0
G2 70 20 10 1 2 0
G3 70 20 10 1 5 0
G4 70 20 10 1 0 0.5
G5 70 20 10 1 0 2
G6 70 20 10 1 0 5
G7 70 20 10 1 0.25 0.25
G8 70 20 10 1 1 1
G9 70 20 10 1 2.5 2.5

on the host material as well as on the preparation condition
[19, 20].

In a previous publication [21], combined optical, FTIR,
and photoluminescence spectral analysis have been carried
out for Sm2O3 (0.2 → 3%) doped in host NaF–AlF3-
phosphate glasses before and after successive gamma irra-
diation. Spectral data indicate the stability of the Sm3+ ions
with their characteristic absorption bands distributed into
two regions at 350–900 and 1100-1600nm even after gamma
irradiation. The same behavior holds for the luminescence
spectra. FTIR spectra of the mentioned fluorophosphates
glasses show phosphate groups (mainly of Q2 and Q3) with
the assumption of the formation of (PO3F), AlF4, or AlF6
groups, and the spectral data also show obvious stability
towards gamma irradiation.

In the course of the present study, the main objective
is to study combined optical, FTIR, and photoluminescence
spectra of prepared single doped rare-earth oxide of either
CeO2 or Sm2O3 or with both the two RE oxides as mixed
dopants in a host Na2O–ZnO–P2O5 glass with added 1%
Al2O3 for stability. The two selected rare-earth oxides are
known to exhibit different characteristics. CeO2 is able to
exist in two different valences (Ce3+, Ce4+) and their specific
spectra are within the UV–near visible region. On the other
hand, Sm2O3 is accepted to be stable as trivalent Sm3+ ions
under normal conditions and exhibits extended visible near-
IR optical absorption.

It is expected that the collective spectral studies will throw
more insight to find out the interferences or themixing effects
of both the two rare-earth oxides, specifically the ability of
CeO2 to act as oxidoreduction agent in the studied host
glasses.

2. Experimental Details

The glasses were prepared from laboratory chemicals includ-
ing ammonium dihydrogen phosphate (NH4H2PO4) for
P2O5, Na2O was added in the form of anhydrous sodium
carbonate (Na2CO3), and ZnO and Al2O3 were added as
such. The dopant rare-earth oxides were introduced as CeO2
and Sm2O3. The detailed chemical compositions of the
glasses are given in Table 1.

The weighed batches were melted in covered alumina
crucibles at 1100∘C for 90 minutes in an electric SiC heated
furnace (Vecstar, UK) under ordinary atmospheric condition.
The melts were rotated at intervals of 20 minutes to reach
mixing and homogeneity. Then the melts were poured into
the stainless steel mold with the required dimensions. The
prepared glasses were transferred immediately to an anneal-
ing muffle regulated at 300∘C to obtain samples free from
stress or strains. The annealing muffle was switched off after
1 hour with the samples inside and left to cool to room
temperature at a rate of 30∘C/h.

Characterizations of the produced glasses were carried
out according procedures of the previouswork [22] as follows:

Optical (UV-visible–NIR) absorption spectral measure-
ments were carried out on polished glasses of equal thickness
(2mm ± 0.1mm) using a recording spectrophotometer (type:
JASCO V-570, JAPAN) covering the range 200 to 2500nm.

Photoluminescence measurements were measured at
room temperature under different excitation wavelengths
using a fluorescence spectrophotometer (type: JASCO, FP-
6500, JAPAN) equipped with a xenon flash lamp as the
excitation light source. The scan speed is 0.15 step-1 with a
step length of 0.25 nm and slit width of 0.2 nm.

The thermal expansion characteristics of the studied
glasses were measured through specified samples using a
recording dilatometer (type: NETZCH, 1- 402 PC, Geratebau,
GmbH, Selb, Germany) with a heating rate of 10∘C/min up
to both transformation region and dilatometric softening
temperature. The thermal data were collected and analyzed.

FTIR measurements of the prepared glasses and their
corresponding glass-ceramic derivatives were carried out at
room temperature in the wavenumber range 4000–400 cm−1
by a Fourier transform computerized spectrometer (type:
FTIR–4600, JASCO Crop., JAPAN). Through the KBr disc
technique glasses or glass-ceramics in the form of pulverized
powder were examined by mixing 2mg of the powdered
samples and 200mg KBr, and the mixtures were subjected
to a load of 5 tons/cm2 in an evocable die to produce
clear homogeneous discs. The prepared discs were measured
directly to avoid moisture attack. Infrared spectra were
correlated for the dark current noises and background using
the two-point baseline correction.
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Figure 1: Optical absorption spectrum of base undoped Na2O−
ZnO–P2O5 glass with the deconvoluted spectrum of the UV region
200–400 nm.

3. Results and Discussion

3.1. Optical Absorption Spectra of the Prepared Glasses.
Figure 1 shows the spectrum of the base undoped
Na2O–ZnO–P2O5 glass. The spectrum reveals distinct
and broad UV absorption with the deconvoluted spectrum
showing two peaks at 234 and 305 nm and without any
further absorption to the end of measurements.

The undoped Na2O–ZnO–P2O5 glass shows strong UV
absorption (Figure 1) which is attributed to unavoidable
trace iron impurities present within the chemicals used for
the preparation of such glass. This assumption is based on
extended postulations introduced by various scientists in the
past [23, 24] and in recent studies on undoped phosphate
glasses [7, 11–15, 24]. The strong support of this assumption
comes from the review article by Duffy [25] who classified
charge transfer UV spectra identified in undoped glasses.
He claimed that the presence of traces from some transition
metals (e.g., Fe3+, Cr6+) produces UV absorption bands
developed through electron transfer mechanism, finding that
even the traces of impurities are in the ppm level.

We are accepting the previous assumptions about the
relation between the observed UV absorption in the studied
undoped phosphate glass and traces iron (Fe3+) ions present
in the chemicals used.

Figure 2 illustrates the UV-visible absorption spectra of
the three glasses containing varying CeO2 contents (0.5, 2,
5% CeO2). The three glasses reveal the same strong UV
absorption extended from 200 nm to about 330 nm and the
attached deconvoluted spectra show three peaks at 210, 264,
and 300 nm. The spectral curves are very close to each other
without any change with the increase of CeO2 content.

The optical spectra of CeO2-doped glasses exhibit
extendedUV absorption with three distinct peaks at 210, 264,
and 300 nm and without any variations with the increase of
the CeO2 content. The interpretation of the optical spectra of
CeO2 -doped glasses can be introduced as follows:
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Figure 2: Optical absorption spectra of CeO2-doped glasses with
the attached deconvoluted spectrum (200–400nm).

(1) The cerium ions belong to the lighter portion of the
lanthanides and are recognized to be solely able to
exist in two valences in glasses as Ce3+ and Ce4+ with
the electronic configuration of f4 and f0, respectively
[15, 26, 27].

(2) The optical spectrum of Ce3+ ion is an allowed
transition (f4 →d1) which is accepted to appear as an
intense broad band in many solid materials and the
absorption depends strongly on the host materials,
but in glasses, the absorption of Ce4+ is charge transfer
(O2+ →Ce4+) in nature and normally occurs at
longer wavelength in comparison with that for Ce3+
[15, 26, 27].

(3) Based on previous considerations, the optical absorp-
tion band at 264 nm can be related to Ce4+ ions, the
band at 300 nm is correlated with Ce3+ ions, and the
band at 210 nm is the same as the undoped sample
related to trace iron impurities.

Figure 3 reveals absorption spectra of the three Sm2O3-
doped glasses. The optical spectrum of the first 0.5% Sm2O3
glass shows extended UV-visible to near IR absorption.

The optical spectrum consists of strong UV absorbed
bands in the range 200–300 nm followed by the characteristic
absorption of Sm3+ ions extending into two regions, the first
part with 3 bands from about 367 to 472 nm and the second
part extends within the region from about 950 to 1623 nm
with 10 peaks.The samples containing higher Sm2O3 contents
(2, 5%) show an increase in the intensities of the peaks and are
specifically prominent in the second series.

The spectra of the Sm2O3-doped glasses reveal distinct
UV absorption besides distinct two absorption regions: the
first comprises three peaks from about 367 to 472 nm, and the
second consists of 10 peaks and extends from 950 to 1623 nm.
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Figure 3: Optical absorption spectra of Sm2O3-doped glasses with
attached deconvoluted spectrum (UV 200–350 nm).

The overall extended optical spectrum covering the range
from 200 to about 1700nm is explained as follows:

(i) The UV absorption band at 210 nm is correlated with
trace iron (Fe3+) present as impurities.

(ii) It is recognized by many scientists [14–18, 21, 28–30]
that the Sm3+ ion belongs to a d5 electron config-
uration which is characterized by 1982s+1Lj free ion
levels. In glasses, the crystal field fine structure is not
resolved due to an inhomogeneous line broadening,
and the only absorption between 2s+1Lj manifolds
is observed experimentally. The identified peaks are
observed to decrease with the presence of high atomic
weights ions (Pb2+, Bi3+) [17, 21].

(iii) The identified absorption peaks are considered to
originate from transitions from ground state 6H5/2 to
the various excited states as cited in Table 2.

Figure 4 presents the absorption spectral bands of the
three glasses containing mixed and equal dopants (0.25+0.25,
1.0+1.0, 2.5 +2.5) of both Sm2O3 and CeO2 .The spectra reveal
the combination of theUV spectra due to cerium ions and the
characteristic spectra of the two series of characteristic peaks
due to Sm3+ ions.

3.2. Photoluminescence Spectra of the Studied Glasses. Fig-
ure 5 reveals the PL spectra of the three CeO2-doped glasses
(0.5, 2, 5%). The PL spectra show two broad emission bands,
a highly intense one at 335nm and the second with medium
intensity at 658 nm after the excitation with 𝜆ex = 290nm,
and they increase in intensity with the increase of CeO2
content. On the other hand, with the emission at 𝜆em =
658 nm, a very broad band extending to 290nm is identified
with its deconvoluted peaks. The emission spectrum shows
two broad bands: the first is at 332 nm and the second is

Table 2: Absorption peaks from Sm2O3-doped Na2O–ZnO–P2O5
glasses and their excitation levels, ground state 6H5/2 →.

Peaks / nm Excited state
367 4D1/2 +

4P7/2
405 6P5/2,

4K11/2
472 4I1/2+

4I13/2+
4M15/2

950 6F11/2
1038 6F9/2
1238 6F7/2
1385 6F5/2
1489 6F3/2
1552 6F1/2
1623 6H15/2
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Figure 4: Optical absorption spectra of CeO2 + Sm2O3-doped
glasses with attached deconvoluted spectrum (UV 200–350nm).

a broad curvature centered at about 658 nm after excitation
with 235nm. The first band increases with the sharp peak
with the increase of CeO2 while the second band is retaining
its broad feature.

Figure 6 illustrates the PL spectra of the three Sm2O3-
doped glasses (0.5, 2, 5%). Figure 6(c) reveals the excitation
spectra after 𝜆ex = 595nm showing 7 peaks extending from
320 and 450 nm with the highest peak at 402 nm, and their
intensities increase with the Sm2O3 content. On the other
hand, the emission spectrum after 𝜆ex = 365 nm reveals four
broad bands which are identified at about 570, 600, 640, and
700nm and their intensities increase with the increase of
Sm2O3 content.With excitation at𝜆ex = 402 nm, the emission
spectra show the same peaks.

Figure 7 shows the PL spectra of the samples with
mixed dopants of (CeO2 + Sm2O3). The excitation spectra
after excitation with 𝜆em = 595 (Figure 7(c)) show multiple
extended peaks from 320 to 450 nm with the highest peak
at about 402 nm and with two attached small peaks. The
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Figure 5: Photoluminescence spectra of CeO2-doped glasses: (a) emission at 235 nm, (b) emission at 𝜆ex = 290 nm, and (c) excitations at 𝜆em
= 658 nm.

emission spectra reveal three peaks at about 560, 595, and
640 nm in both the excitations at 𝜆ex = 365 nm and at 𝜆ex
= 402 nm, and the second peak is the highest one. On the
other hand, upon excitation at 𝜆ex = 290 nm, three peaks are
identified at about 570, 598, and 650 nm with the last one
having the highest intensity. Also, the intensities increasewith
the increase of dopants.

The PL spectra of the studied single or mixed doped
glasses are illustrated (Figures 5, 6, and 7). The PL data are
explained as follows:

(a) For CeO2 doped glasses:

(i) The previous optical absorption data confirm
the assumption of the presence of cerium ions
in both the two valence states as both Ce3+ and
Ce4+ ions.

(ii) The excitation spectra of CeO2-doped glasses
are identified to be with different responses with
the excitation peaks 𝜆ex = 290 nm or 𝜆ex =

332nm. In the first case, two emission bands are
observed at 335 and 658 nm with high intensity
while in the second case the identified bands
are low in intensity. These observed emissions
and excitation data point out that the two
valence states of cerium ions can be realized and
identified in some excitations.

(iii) The excitation spectra of CeO2-doped glasses
reveal the main broad band at 290 nm.

(b) For Sm2O3-doped glasses: The PL spectra, shown
in Figure 6, of the Sm2O3-doped glasses agree to
a large extent with the PL spectra identified by
Sm2O3-doped in fluorophosphate glasses previously
published by the same authors [21]. These results
are comparable with that reached by various authors
[31, 32] for Sm2O3-doped in binary alkali phosphate,
mixed alkali phosphate, and also lead phosphate
glasses.The four emission bands at 570, 600, 640, and
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Figure 6: Photoluminescence spectra of Sm2O3-doped glasses: (a) emission at 365 nm, (b) emission at 𝜆ex = 402 nm, and (c) excitations at
𝜆em = 595 nm.

700nm can be assigned to transitions 4G5/2 →
6H5/2,

4G5/2 →
6H7/2,

4G5/2 →
6H9/2, and

4G5/2 →
6H13/2,

respectively, of Sm3+ ions as assigned by different
authors [31, 32].

(c) For mixed dopants of CeO2 + Sm2O3–glasses: The
PL spectra of the mixed dopants glasses reveal quite
similar data to that obtained by Sm2O3-doped glasses.

This refers to the dominance of the photolumines-
cence spectra of the Sm3+ ions than that for Ce3+
ions which are restricted to absorption of a lighter
lanthanide.

3.3. �ermal Expansion Measurements. Figure 8 illustrates
the thermal expansion behavior of selected four glasses
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Figure 7: Photoluminescence spectra of mixed CeO2 + Sm2O3-doped glasses: (a) emission at 𝜆ex =290 nm, (b) emission at 𝜆ex = 365 nm, (c)
emission at 𝜆ex = 402nm, and (d) excitations at 𝜆em = 595 nm.

including the undoped sample, 5% CeO2 doped sample,
5% Sm2O3-doped sample, and sample containing mixed
dopants of 2.5 CeO2 + 2.5 Sm2O3. All the glasses show either
negative or low thermal expansion coefficient within the
temperature range 25–250∘C, which then increases steadily
with temperature until reaching the transformation range fol-
lowed by a high increase in expansion until the dilatometric

softening temperature. After that, a rapid drop is observed.
The dilatometric softening temperature is very close in the
first three samples (412–418∘C) and thenhighly increaseswith
the mixed sample to reach 453∘C.

It is accepted that glass, like most solids, generally
expands on heating. The possible dimensional changes which
can occur with heating are very interesting and of particular



8 International Journal of Optics

Temperature ∘C

dL
/L

o∗
10

-3

0 % Base
5 % CeO2
5 % Sm2O3
2.5 CeO2+ 2.5 % Sm2O3

435 ∘C

418 ∘C412 ∘C

412 ∘C

500450400350300250200150100500

3.0

2.5

2.0

1.5

1.0

0.5

0.0

−0.5

Figure 8: Dilatometric thermal expansion of some selected glasses.

importance for the application in sealing purposes and the
capability of the glass to withstand thermal shock or cycling
[4, 33].

Thermal expansion of close-packed structure (such as
NaCl) is a direct result of an increase in bond length with
increasing temperature. While the simple lattice vibration
model works well for close-packed structures, an additional
process can occur in less tightly packed network structures
or nonperiodic arrangement state such as those found in
glasses. Bond bending can alter the positions of atoms as
can rotation about an axis. These processes can counterpart
the expansion of the bond length due to the increased
amplitude of vibrations, resulting in a very low expansion
coefficient. Filling of interstices inhibits these mentioned
vibration processes and tends to cause an increase in the
thermal expansion coefficient.

The thermal data can thus be realized by the assumption
that rare-earth ions are accepted to be situated within inter-
stitial positions and thus lead to the identified increase of the
dilatometric softening temperatures. The more filling of the
interstices bymixed dopants is observed to givemore increase
in the dilatometric softening temperature.

3.4. FT-Infrared Absorption Spectra. Figure 9 shows the FTIR
spectra of the three CeO2-doped glasses. The IR spectra in
general are almost similar and condensed extending from400
to 1400 cm−1 with distinct broad band at the far-IR region
peaking at about 496 cm−1 followed by a medium broad with
two peaks at about 725 and 790 cm−1 and succeeded by a very
broad and distinct connected bands extending from about
850 to 1400 cm−1 with four peaks at about 880, 980, 1086, and
1246 cm−1. The deconvoluted spectrum shows the following
8 IR peaks: 410, 490, 725, 788, 878, 970, 1089, and 1246 cm−1.

Figure 10 illustrates the FTIR spectra of Sm2O3-doped
glasses. The IR spectra are observed to be the same as
shown in Figure 9 and with similar spectral details. The

deconvoluted spectrum shows 9 IR peaks at 417, 463, 535, 684,
770, 880, 941, 1072, and 1273 cm−1.

Figure 11 reveals the FTIR spectra of the glasses contain-
ing mixed dopants of the two RE oxides. The IR spectral
curves are comparable to the spectra shown in Figures 9 and
10. The convoluted spectrum shows the following 8 IR peaks:
410, 515, 721, 784, 889, 945, 1083, and 1282 cm−1.

The FTIR spectra are shown in Figures 9, 10, and 11
revealing the detailed IR vibrational bands due to CeO2-
doped glasses, Sm2O3-doped glasses, and selected mixed
dopants glasses. The IR spectral curves show composite and
extended peaks extending from400 to 1400 cm−1 and they are
clearly analyzed through the deconvoluted process to indicate
all the hidden or overlapped peaks of the glasses.

The interpretation of the IR results can be clearly under-
stood on the following basic parameters [34–38]:

(a) The IR vibrational bands are considered to be fin-
gerprints of the structural building units within the
studied glasses in comparison with that obtained
from crystalline analogs.

(b) The structural building units are virtually emanating
or formed in relation to the chemical composition of
all the constituents. The basic host glass is composed
of main glass forming oxide (70% P2O5) which
indicates that the expected glass forming phosphate
groups are (Q2–Q3). The true modifier oxide consti-
tutes of (10% Na2O) while ZnO which is considered
as conditional oxide has the ability to be a modifier
or can share as (ZnO4) groups in some cases where
oxygens are available from alkali oxide to be able to
form such tetrahedral groups. The 1% Al2O3 is added
only to maintain chemical stability or preventing
devitrification.

(c) Thedetailed attributions of the vibrational peaks from
the deconvoluted spectrum of the base undoped glass
are summarized as follows [22, 34–39]:

(i) The far-IR peaks at 410–490 cm−1 can be related
to O–P–O bending or lattice mode vibrations of
𝛿(PO2).

(ii) The mid peaks at 725–790 cm−1 are related
to symmetric stretching vibrations of P–O–P
bonding.

(iii) The peaks at 878–970, 1089 cm−1 can be related
to asymmetric stretching vibrations of PO2
groups.

(iv) The peak at 1296 cm−1 can be correlated with
asymmetric stretching of doubly bonded oxy-
gen vibrations (P = O) modes.

(v) The IR vibrational curves of the single doped
(CeO2, Sm2O3) or mixed dopants reveal no dis-
tinct variations but only some limited changes
in some of the vibrational peaks and these can
be related to some limited depolymerization of
rare-earth oxides as dopants.
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doped glasses.
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4. Conclusion

Combined optical, FTIR, and photoluminescence spectra
have been carried out for CeO2- or Sm2O3-doped host
Na2O–ZnO–P2O5 glasses or with combined mentioned
dopants. Optical data show UV absorption for the undoped
glass with an extension to two additional UV bands due to
both Ce4+ and Ce3+ ions, while Sm3+-doped glasses show two
further additional series in the visible and near IR regions.
Photoluminescence spectra reveal characteristic excitation
and emission bands for the CeO2– and Sm2O3–glasses. FTIR
spectra show extended vibrational bands within the region
400–1700 cm−1 correlated with phosphate groups (mainly Q2

and Q3 units). The IR spectra did not show additional bands
due to the dopants indicating their housing in modifying
positions. Thermal expansion measurements confirm the
previous assumption and are reflected on the dilatometric
softening temperature in the mixed dopant glasses. The
various doped glasses reveal closely similar IR spectral curves
with minor variations in the intensities of some bands due to
depolymerization effects of the rare-earth ions. The thermal
expansion measurements indicate the housing of rare-earth
ions in modifying positions, and the mixed dopants are
assumed to cause more filing of the network structure.

All the studied properties indicate that the optical spectra
of the single dopant (CeO2, Sm2O3) are different although
they belong to the lanthanides. On the other hand, the IR
spectra reveal similar spectral details for the two dopants
(CeO2, Sm2O3) because they are housed in interstitial posi-
tions and their low percent did not affect the vibrational
bands due to phosphate groups. The same holds for the
thermal properties. The mixed dopant glasses show the
combined optical spectra for lanthanides.While FTIR spectra
cause no distinct effect, the thermal data revel combined
effect of two dopants.
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“Mössbauer and IR investigations of iron ultraphosphate
glasses,” Journal of Non-Crystalline Solids, vol. 328, no. 1-3, pp.
199–206, 2003.

[5] C. R. Bamford, Colour Generation, and Control in Glass, Glass
Science and Technology, vol. 2, Elsevier Science Publisher,
Amsterdam, Netherlands, 1977.

[6] N. F. Mott and E. A. Davis, Eds., Electronic Processes in
Non-Crystalline Materials, Clarendon Press, Oxford, UK, 2nd
edition, 1979.

[7] D. Ehrt, “Phosphate and fluoride phosphate optical glasses -
Properties, structure and applications,”Physics andChemistry of
Glasses: European Journal of Glass Science and Technology Part
B, vol. 56, no. 6, pp. 217–234, 2015.

[8] C. Mercier, G. Palavit, L. Montagne, and C. Follet-Houttemane,
“A survey of transition-metal-containing phosphate glasses,”
Comptes Rendus Chimie, vol. 5, no. 11, pp. 693–703, 2002.

[9] S. Y. Marzouk and F. H. Elbatal, “Ultraviolet–visible absorption
of gamma-irradiated transition metal ions doped in sodium
metaphosphate glasses,” Nuclear Instruments and Methods in
Physics Research Section B: Beam InteractionswithMaterials and
Atoms, vol. 248, no. 1, pp. 90–102, 2006.

[10] F. H. Elbatal, M. A. Marzouk, and A. M. Abdelghany, “UV-
visible and infrared absorption spectra of gamma irradiated V
2O5-doped in sodium phosphate, lead phosphate, zinc phos-
phate glasses: A comparative study,” Journal of Non-Crystalline
Solids, vol. 357, no. 3, pp. 1027–1036, 2011.

[11] A. M. Abdelghany, H. A. ElBatal, and F. M. EzzElDin, “Gamma
ray interaction with vanadyl ions in barium metaphosphate
glasses; spectroscopic and ESR studies,” Journal of Molecular
Structure, vol. 1147, pp. 33–39, 2017.

[12] A.M. Abdelghany, I. S. Ali, and H. A. ElBatal, “Reducing power
of phosphate matrix in binary barium phosphate glasses doped
with 3D transition metals and effects of gamma radiation,”
Silicon, vol. 10, no. 3, pp. 1181–1186, 2018.

[13] M. J.Weber, “Chromium - rare-earth energy transfer in YAlO3,”
Journal of Applied Physics, vol. 44, no. 9, pp. 4058–4064, 1973.

[14] A. Mohan Babu, B. C. Jamalaiah, T. Sasikala, S. A. Saleem, and
L. Rama Moorthy, “Absorption and emission spectral studies of
Sm3+-doped lead tungstate tellurite glasses,” Journal of Alloys
and Compounds, vol. 509, no. 14, pp. 4743–4747, 2011.

[15] M. A.Marzouk, A.M. Abdelghany, and H. A. Elbatal, “Bismuth
silicate glass as hostmedia for some selected rare-earth ions and
effects of gamma irradiation,” Philosophical Magazine, vol. 93,
no. 19, pp. 2465–2484, 2013.

[16] E. Malchukova, B. Boizot, D. Ghaleb, and G. Petite, “Optical
properties of pristine and 𝛾-irradiatedSm-doped borosilicate
glasses,” Nuclear Instruments and Methods in Physics Research
Section A: Accelerators, Spectrometers, Detectors and Associated
Equipment, vol. 537, no. 1-2, pp. 411–414, 2005.

[17] R. Praveena, V. Venkatramu, P. Babu, and C. K. Jayasankar,
“Fluorescence spectroscopy of Sm3+ ions in P2O5- PbO-Nb2O5
glasses,” Physica B: Condensed Matter, vol. 403, no. 19-20, pp.
3527–3534, 2008.

[18] V. Venkatramu, P. Babu, C. K. Jayasankar, T. Tröster, W. Sievers,
and G. Wortmann, “Optical spectroscopy of Sm3+ ions in
phosphate and fluorophosphate glasses,” Optical Materials, vol.
29, no. 11, pp. 1429–1439, 2007.

[19] J. Bei, G. Qian, X. Liang, S. Yuan, Y. Yang, andG. Chen, “Optical
properties of Ce3+-doped oxide glasses and correlations with
optical basicity,” Materials Research Bulletin, vol. 42, no. 7, pp.
1195–1200, 2007.

[20] A. D. Sontakke, J. Ueda, and S. Tanabe, “Effect of synthesis
conditions on Ce3 + luminescence in borate glasses,” Journal of
Non-Crystalline Solids, vol. 431, pp. 150–153, 2016.



International Journal of Optics 11

[21] M. A. Marzouk, Y. M. Hamdy, H. A. Elbatal, and F. M. Ezz
Eldin, “Photoluminescence and spectroscopic dependence of
fluorophosphate glasses on samarium ions concentration and
the induced defects by gamma irradiation,” Journal of Lumines-
cence, vol. 166, pp. 295–303, 2015.

[22] M. A. Marzouk, A. M. Fayad, and H. A. ElBatal, “Correlation
between luminescence and crystallization characteristics of
Dy3+ doped P2O5–BaO–SeO2 glasses for white LED applica-
tions,” Journal of Materials Science: Materials in Electronics, vol.
28, no. 17, pp. 13101–13111, 2017.

[23] G. H. Sigel Jr. and R. J. Ginther, “The effect of iron on the
ultraviolet absorption of high purity soda-silica glass,” Glass
Technology, vol. 9, pp. 66–70, 1968.

[24] L. Cook and K. H. Mader, “Ultraviolet transmission character-
istics of a fluorophosphate laser glass,” �e American Ceramic
Society, vol. 65, pp. 597–601, 1982.

[25] J. A. Duffy, “Charge transfer spectra of metal ions in glass,”
Physics and Chemistry of Glasses: European Journal of Glass
Science and Technology Part B, vol. 38, pp. 289–294, 1997.
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