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Abstract Undoped lead phosphate glass of the compo-
sition PbO 50 mol%, P,05 50 mol% together with samples
of the same ratio doped with various WOj3 contents were
prepared. UV-Visible spectroscopic studies were measured
out in the range 200-1100 nm before and after successive
gamma irradiation. Infrared and Raman spectroscopic
measurements were carried out for the undoped and WO;3-
doped samples. All the prepared samples are observed to
absorb strongly in the UV region due to the combined
contributions of absorption from trace iron impurities and
sharing of lead Pb®" ions. The bluish WO;-doped lead
phosphate samples reveal visible absorption bands which
are attributed to the existence of pentavalent W>" jons.
ESR measurements support this assumption. Infrared and
Raman spectra indicate the presence of metaphosphate
chains as the structural main building units and the possible
presence of appreciable pentavalent (W>"05) of W™ units
together with hexavalent WO, units. Gamma irradiation
reveal the shielding behaviour of the studied tungsten-
doped lead phosphate glasses due to the combined presence
of heavy Pb®" ions and tungsten ions.
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Introduction

Tungsten oxide, WO3, like molybdenum oxide, MoO; can
be added to glasses with high PbO contents to manufacture
vitreous colours or enamels [1]. WO3, even in excess of 3%
by weight, is known to give no visible colouration to
sodium silicate or sodium borate glasses melted under
oxidizing conditions [2]. Although tungsten can exhibit six
different oxidation states, 0, +2, 43, +4, +5 and +6 in its
compounds [3], yet in glasses, tungsten is accepted [4—11]
to be found as trivalent W>*, tetravalent W4+, pentavalent
W>T or as hexavalent W®" or combination of some of
them. The ability of tungsten to have several oxidation
states opens possibilities for electro-optical applications
especially with phosphate glasses [4, 6, 10]. The presence
of W " jons imparts to phosphate glasses bluish colours
that change with composition [12]. It is evident that the
fraction of W™ ions imparting the bluish colour decreases
as the alkali oxide in phosphate glasses increases [12, 13].
Further study is needed to justify and confirm the exact
nature of bluish tungsten W>" ions in glass and particularly
in phosphate one.

It is accepted that when subjected to ionizing irradiation
(e.g. gamma rays, UV rays, etc.), most glasses acquire
radiation-induced defects which may give rise to optical
and/or ESR absorption bands. Owing to the non-periodic
nature of the glass structure, the radiation-induced
absorption in glass generally consists of overlapping
absorption bands rather than discrete bands as formed in
ionic crystals. The principal effect of ionizing gamma
irradiation results from almost purely electronic processes
[11, 13]. Specifically, these effects occur because electrons
are excited to leave their normal positions and move or
travel through the glass network. In particular, the addition
or the removal of one or more electrons from intrinsic
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defects or impurity centers results in the formation of
induced colour centres which can absorb light. Some of the
radiation damage processes involve photochemical reac-
tion especially for the transition metal ions. However, some
glasses containing heavy metal ions or transition metal tons
exhibit shielding behaviour towards successive gamma
irradiation [11, 13].

This study aims to conduct UV—Visible, infrared,
Raman and electron spin resonance spectroscopic studies
of some lead phosphate glasses of the basic composition
(PbO 50 mol%, P,0O5 50 mol% and with increasing WOj;
contents. Moreover, this study is extended in order to
study the effect of successive gamma irradiation on the
UV-Visible absorption spectra and the induced defects
generated through the irradiation process. The final goal
of this study is to provide further ideas or confirmation
about the proper status of bluish colour of tungsten ions
present.

Experimental details
Preparation of the glasses

The glasses were prepared from chemically pure raw
materials. Lead oxide was introduced as red lead oxide
(Pb30,), and P,Os was added in the form of ammonium
dihydrogen phosphate (NH4;H,PO,). Pure WO3; was used as
the source of tungsten. The weighed batches were melted
in porcelain crucibles at the temperature of 800 °C for 1 h.
The melts were rotated several times, and the homogenized
melts were poured in slightly heated stainless steel molds
of the required dimensions. The prepared samples were
immediately transferred to an annealing furnace regulated
at 200 °C. The muffle was switched off after 1 h and
allowed to cool to room temperature at a rate of 20 °C/h.
Table 1 depicts the chemical compositions of the undoped
and WOs-doped glasses.

Table 1 Composition of lead phosphate glasses

Glass samples Composition wt%

PbO P,05 WO; add. %
Base 50 50 0
1w 50 50 0.01
2W 50 50 0.05
3w 50 50 0.5
4 W 50 50 2.5
5W 50 50 5
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UV-Visible absorption spectral measurements

The optical UV-Visible absorption spectra of highly pol-
ished samples of the undoped and WOs5-doped glasses of
the dimensions 1 x 4 x 0.1 cm® were recorded at room
temperature before and after each successive gamma dose
by a recording spectrophotometer in the range 200-
1100 nm type JASCO, Corp., V-570, Rel-00, Japan.

Infrared absorption measurements

The infrared absorption spectra of the undoped and WO;-
doped glasses were measured at room temperature in the
wave number range 4004000 cm™' by a Fourier Trans-
form computerized infrared spectrometer from JASCO
Corp., FT/IR-430, Japan.

The samples were investigated as fine powders which
were mixed with KBr in the ratio(2.200 mg glass powder
to KBr, respectively). The weighed mixture was then
subjected to a pressure of 5 tons/cm® to produce clear
homogeneous discs. The IR spectra were measured
immediately after preparing the discs.

Raman measurements

Raman measurements of some WOs5-doped samples were
made for fine glass powder using a Fourier Transform
Raman spectrometer (model Nexus 760 Nicolet-Madison,
WI, USA) equipped with a 2 W Nd: YAG laser (1064),
which eliminates the problem at 0.7 W laser power, 64
scans and 4 cm™! resolution. The samples were measured
in the range from 3700 to 100 cm ™).

Gamma irradiation facility

A®Co gamma cell (2000 Ci) was used as a gamma ray
source with a dose rate of 1.5 Gy/s (150 rad/s) at a tem-
perature of 30 °C. The investigated glasses were subjected
to the same gamma dose every time. Using a Fricke
dosimeter, the absorbed dose in glass is expressed in terms
of absorbed dose in water, rather than in terms of dose in
glass. No cavity theory correction was made.

Electron spin resonance measurements

Electron spin resonance spectra were recorded at room
temperature on an ESR spectrometer (Bruker, E 500;
Germany) operating at 9.808 Hz and using 100 kHz field
modulation. The magnetic field was scanned from 480 to
6480 Gauss. The ESR measurements for some selected
WOs-doped samples were taken as an evidence for the
presence of the states of tungsten containing unpaired
electrons.
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Results
UV-Visible absorption spectra

UV-Visible absorption spectrum of base undoped lead
phosphate glass

Figure 1 illustrates the UV-Visible spectrum of the base
lead phosphate glass before irradiation. The spectrum
reveals strong and broad ultraviolet charge transfer
absorption extending from 200 to about 300 nm with its
central peak at about 255 nm. The spectrum shows no
visible absorption bands. On subjecting the glass to suc-
cessive gamma irradiation, the intensity of the central peak
increases with progressive irradiation accompanied by a
marked shift to longer wavelength reaching 250 nm in the
final gamma dose. The visible spectrum remains showing
no visible bands, but the intensity of the absorption curves
shows progressive but slightly lower values with irradiation
reaching almost saturation, revealing marked resistance to
the effect of gamma irradiation.

UV-Visible absorption of WOj3-doped glasses

Figure 2 illustrates the measured UV-Visible absorption
before and after gamma-irradiation of WOs3-doped sam-
ples. Before gamma irradiation, the WOj3-doped glass
containing 0.05% WO; reveals, beside the strong UV
absorption as in the undoped glass, an obvious broad
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Fig. 1 Absorption spectra of base lead phosphate glass before and
after successive ray irradiations

visible band centred at about 780 nm. When the concen-
tration of WO; reaches 0.5% in the glass, the sample
reveals a sharp UV band as shown in the undoped glass
with two distinct separate regions of absorption: the first
UV region extends from the beginning of measurement
with 200 nm up to about 400 nm and comprises five peaks
at about 205, 240, 275, 310 and 380 nm. The visible
spectral region consists of a very broad absorption band
revealing three peaks at about 680, 760 and 870 nm. The
previous sample and all the subsequent samples containing
higher concentrations of WO;5 exhibit distinct bluish col-
our. The WO;-doped glasses containing 2.5% or 5% WO;
reveal the same spectral characteristic as in the 0.5%
sample with two distinct separate UV and visible absorp-
tion regions. The visible broad band shows marked
splitting to about seven peaks at about 630, 650, 680, 720,
770, 800 and 890 nm.

The glass containing the highest WO3 content (12%)
exhibits deep bluish colour and shows extended and con-
tinuous or combined UV-visible spectrum revealing peaks
at about 240, 320, 350, 380, 420, 480, 660, 780 and 920 nm.

Induced spectra

Figures 3 and 4 reveal the induced spectra of the undoped
and WO;-doped samples which are obtained by subtracting
the optical densities obtained from the unexposed speci-
mens from those of the same samples after each specified
dose of gamma rays. Thus, the given results express the net
results of undoped and WO5-doped samples showing AD,
which is the difference in optical density against wave-
length for each specimen. The induced spectra are
summarized as follows:

(a) Base undoped glass Figure 3 illustrates the induced
spectrum of the base undoped glass which reveals a
strong and wide induced UV band centred at about
300 nm. The intensity of this induced band progres-
sively increases with continuous gamma irradiation.

(b) WOjs-doped samples Figure 4 reveals the induced
spectra of WO5_doped lead phosphate glass compo-
sition (PbO 50 mol%, P,Os 50 mol%) with varying
concentrations of tungsten oxide. At low WO;
content (0.05%), the induced spectra reveal strongly
induced UV spectra with two peaks at about 230 and
275 nm. Increasing the WOj3 content to 0.5%, the
spectra show extended five high-intense UV-induced
bands at about 205, 250, 280, 310 and 385 nm,
followed by low and broad visible bands with small
peaks at about 640, 680, 720, 820 and 890 nm. When
the concentration reaches 2.5% WOj; the induced
spectra show two strong and wide, separate, induced
UV bands centred at about 235 and 340 nm, and three
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Fig. 2 Absorption spectra of tungsten-doped lead phosphate glass before and after successive gamma ray irradiations

induced broad visible bands centred at about 675, 800 bands beginning with the high band at about 210 nm
and 940 nm. At high WO; content (5% WO3;), the and followed by very weak peaks at about 280, 340,
induced spectra reveal extended induced UV-Visible 380, 420, 600, 670, 690, 730, 840 and 1000 nm.
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Fig. 3 Induced spectra of base undoped lead phosphate glass

On subjecting the WOj3-glasses to successive gamma
irradiation, the following behaviours are observed:

(a) At low WO;5 content (0.05%), the intensity of the
absorption bands in the UV region progressively
increases with irradiation.

(b) At higher WOj; content (>0.5%), the intensities of all
the induced bands either in the UV or visible regions
are observed to slightly but continuously increase
with irradiation while the overall spectral curves
show resistance to continuous irradiation.

Infrared absorption spectra
Infrared absorption spectrum of base lead phosphate glass

Figure 5 illustrates the infrared absorption spectrum of
parent undoped lead phosphate glass. The observed IR
spectrum is shown to possess the following characteristics:

(a) A strong IR band with two connected peaks at about

520 and 570 cm ™" and with a kink at the ascending
1

lobe at about 430 cm™ .
(b) A medium band with three connected peaks at about
720, 760 and 790 cm ™.
(c) A sharp band at about 950 cm~ ! and with a kink at

the end of the descending lobe at about 1010 cm™".

(d) A very sharp band with three obvious peaks at about
1110, 1150 and 1190 cm™' and with a peak at the
descending lobe at about 1250 cm™".

() A medium sharp band at about 1460 cm ™!, followed
by a small kink at about 1540 cm ™.

(f) A medium broad band at about 1640 cm™".

(g) Three sharp bands at about 1740, 2840 and
2940 cm™ .

(h) A near IR broad band with three peaks 3430, 3520
and 3640 cm™".

Infrared absorption spectra of tungsten-doped glasses

Figure 5 illustrates the IR absorption spectra of WO;-
doped glasses, which indicate the following features:

(a) The introduction of WO;3 up to 2.5% into the host lead
phosphate glass causes no obvious changes in the IR
absorption spectra. The IR data reveal the persistence
of the main phosphate groups vibrations.

(b) At high WOj; content (12%), the main IR bands due to
phosphate network are observed to lose their sharp-
ness and splitting, and the subsidiary bands due to OH
and H,O groups highly decrease in intensity.

Raman spectroscopic measurements

Figure 6 reveals the Raman spectra of three lead phosphate
glasses comprising the undoped base ammonium dihydro-
gen phosphate and two other WOs-doped glasses
containing 0.05% and 5.00%.

The base crystalline ammonium dihydrogen phosphate
Raman spectrum consists of a very sharp peak at 921 cm ™"
and some other medium peaks at 185, 220, 340, 396, 476,
536 and 1657 cm™ !, and a final broad band centred at
about 3159 cm™".

The Raman spectrum of the 0.05 WO;s-doped lead
phosphate is observed to consist of several component
peaks. The spectrum shows a very strong sharp peak at
1147 cm™" and a medium peak at 688 cm™', and eight
small peaks at 213, 306, 462, 501, 945, 1006, 1063 and
1212 em ™.

Electron spin resonance investigation

Figure 7 illustrates the ESR of the two samples, a base
undoped lead phosphate glass showing minor kinks and a
tungsten-doped glass (5% WOj3;). The spectrum of the
W-doped sample reveals high resolution of the resonance
indicating obvious paramagnetic resonance.
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Fig. 4 Induced spectra of tungsten-doped lead phosphate glasses
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Fig. 5 Infrared spectra of undoped and tungsten-doped glasses
Discussion

Origin of ultraviolet absorption in base lead phosphate
glass

It is generally accepted that the UV absorption of the
glasses depends on intrinsic and extrinsic effects [14, 15].
The first intrinsic effect is caused by electronic transitions
mainly because of the addition of dopants which depends
on glass structure and chemical bonding. The second
extrinsic absorption is limited by traces of unavoidable
impurities in the ppm range, mainly because of the charge
transfer transitions of polyvalent ions, such as Fe** and
Fe?*, Cr®* and Cr’", which are introduced through raw
materials and/or melting techniques [14, 16, 17].

Earlier studies by Sigel and Ginther [16] and Cook and
Mader [18] have advanced the postulation that charge
transfer ultraviolet absorption in commercial glasses orig-
inates from the presence of unavoidable trace iron
impurities in the raw materials used for glass preparation.
Ehrt et al. [15, 17, 19] and ElBatal et al. [20-22] recently
have confirmed that charge transfer absorption in the
undoped alkali phosphate and borate glasses originates
from trace iron impurities mainly as Fe*™ ions.

Duffy [14] has assumed that certain metal ions (such as
Pb2+, Bi3+, ...) absorb radiation through electronic tran-
sitions involving orbitals essentially of the metal ions, and
the name ‘Rydberg’ has been suggested for such spectra to
distinguish them from the common electron charge transfer
spectra. Recent study on lead borate glass [11] has exper-
imentally confirmed this postulation for the sharing of Pb*"
ions in the UV spectra of lead borate glass.

It is therefore suggested that the charge transfer ultra-
violet absorption observed in the present studied high lead
phosphate glass is attributed to the co-sharing of absorption
by both trace iron impurities and lead Pb®" ions. The
distinction between the spectrum of each species necessi-
tates further study through a combination of techniques and
with extra pure materials.

Behaviour of lead phosphate glass as a host medium

It is evident that both lead silicate and lead borate glasses
behave like alkali silicate and alkali borate to favour the
presence of higher oxidation valence states of the 3d-
transition metals [2, 23], while lead phosphate is observed
in the present study to resemble alkali phosphate to initiate
mainly the lower oxidation states of 3d-TMs. The host base
lead phosphate with (PbO 0.5%, P,O5 0.5%) compositions
is seen experimentally to produce brilliant and deep distinct
bluish colour with WOs3-doped glasses. This blue tungsten
glass is accepted by various authors [2, 9, 13] as being due
to pentavalent tungsten W>" jons, and somewhat resembles
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Fig. 7 ESR spectrum of undoped and tungsten-doped glass

the blue bronze in crystalline and thin films of tungsten-
doped materials. The same postulation can be attributed to
the persistent blue colour in the prepared WOs-lead phos-
phate glasses.

With respect to the structure of the host lead phosphate
glass, the role of PbO is accepted to be different than the
behaviour of alkali metal oxides which act only as network
modifiers. Lead oxide is known to be unique because it is
able to form glassy materials with B,O3 or SiO, with very
high percent reaching up to =~90% of the content. Lead
oxide plays a dual structural role both as network modifier
and as a network former. When the stoichiometric com-
position of PbO and P,Os reaches 1:1, leading to the
formation of lead metaphosphate (PbP,0Og) glass, PbO finds
itself in the network firmly settled with 4-oxygen coordi-
nation. Thus, the admission of PbO at this stage of
composition into P,O5 glass leads to structural reorgani-
zation. During this formation process, one of the bridging
oxygens is connected into one nonbridging oxygen (NBO)
for each PbO addition. It is suggested that the structure
reveals gradual transformation of the PO437 units to PO3™
groups in lead metaphosphate glass composition [24].

States of tungsten in glasses and origin of blue
colouration in lead phosphate glass

Tungsten can exist in various oxidation states (+2 — +6)
in its compounds [3]; however, in glasses, tungsten is
believed to exhibit hexavalent(W®"), pentavalent(W>") or
tetravalent(W*") states [2, 4-12]. It was originally
assumed that tungsten oxide can from structural units in the
glass network itself [7-10]. Different views have been
introduced regarding the various tungsten groups existing
in glasses, and these views can be summarized as follows:

(a) Some authors [25, 26] believe that WO, tetrahedra are
the only group present in the tungsten glasses.

@ Springer

(b) Some other authors assume the existence of mixed
coordination states made up of both WO, tetrahedra
and WOg octahedra, and even W,0; groups [2].

(c) Few authors [27, 28] are of the opinion that octahe-
drally WOg groups are the only existing units
whatever the glass composition.

(d) Some authors [23, 29, 30] assume that tungsten ions
participate in the glass network with different struc-
tural units such as: WO,(td) and WOg(oct) of W>*
ions and (W5 *05)(oct) of W jons.

The previous observation of blue colour centre in lith-
ium-tungsten borate glass was related to the formation of a
complex which is reminiscent of the electrochemically
induced tungsten bronze centres [31]. Later, Von Dirke
et al. [32] compared the blue tungsten colouration in glass
to the colouration of thin WOj films and advanced four
proposals or models as to be the origin of blue colour in
tungsten glasses:

(a) An intervalence charge tungsten transition (ICTT)
between W' and W' as suggested by Fruchardt
et al. [33].

(b) A ligand field absorption (LFA) of W3*0; molecular
orbital states as proposed by Koffuberg and Benko
[34].

(c) The formation of polarons as mentioned by Salje and
Hoppmann [35].

(d) Polymerization as suggested by Kleperis et al. [36].

Little Flower et al. [20] investigated, by spectroscopic
measurements, tungsten ions in PbO-Sb,03;-As,05 glasses
and identified a broad absorption band at about 800 nm,
and the ESR study attributed this absorption to the presence
of W>™ ions. This broad visible band is assumed to be due
to the excitation of the W>* jons from by(xy) ground state
with crystal field parameters around A = 16,000 cm™' and
8 = 13,000 cm™" [31].

Based on the previous postulations, the authors assume
that the lead phosphate glass favours the presence of
appreciable percent of W' ions in WOs-doped lead
phosphate glass sample, and that further study is needed to
specify the detailed spectroscopic state of W>T ions in such
glass.

Contribution of the effect of gamma irradiation

It is well-known that, when subjected to ionizing radiation
(e.g. 7, UV rays) most glasses acquire radiation-induced
defects which may give rise to optical and/or ESR
absorption bands [37-39]. The radiation damage processes,
which take place in glass, are generally the same as those,
which occur in crystals [39]. In the simplest purview, there
are three basic processess: (1) radiolysis, (2) displacement
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(or knock-on) damage, and (3) electron rearrangement. In
all the cases, what we define as damage is the existence of
post-irradiation local structure (either atomic or electronic)
which differs from the structure which was present before
irradiation. The investigation of radiation effects may well
lead to a better understanding of the intrinsic defects
already present within the glass constituent or network
structure as well as the effects of extrinsic defects related to
the dopants: either introduced or within impurities or
contaminations.

Beekenkamp [40] identified four induced bands in alkali
phosphate and advanced the following reasoning:

(a) The 2.3 eV (~540 nm) center which consists of a
hole trapped on a pair of NBOs with the alkali having
diffused away.

(b) The 2.9 eV (~420 nm) consisting of a hole trapped
by an oxygen ion with the alkali covalently bonded to
the oxygen.

(¢) The induced band near 5.1 eV (~245 nm) is corre-
lated with the 4.8 eV, P, defect band in P-doped
silica, and seems to arise from an electron trapped in
an antibonding orbital of a PO, unit, which has an
analogue in the silicate glasses.

(d) The band at 6 eV (~200 nm) is due to an oxygen
vacancy in a PO, tetrahedron which has trapped two
electrons.

Later, Archidi et al. [41] identified in alkali phosphate
glasses an induced defect based on a hole trapped on a pair
of NBOs bonded to a single phosphorus atom. Moreover,
additional defect centres are identified which are related to
the peroxy linkages -P—-O—-O-P- and/or -P—-O-O-Mo-.

Recent studies by Moncke and Ehrt [19] have identified
the formation of 6-9 induced bands in irradiation phos-
phate glass. These bands are observed in the visible and
UV region and assigned to phosphate anions. Three bands
are observed in the visible region which are assigned to a
phosphate-bonded oxygen hole centers (POHCs), and three
bands are related to oxygen hole centers (OHCs), and
further three bands within the UV region which are related
to electron centers (PECs).

The present experimental UV—Visible absorption indi-
cates that gamma-irradiation of the base undoped lead
phosphate glass causes mostly changes in the intensities of
the absorption bands especially that on the UV region
while the visible region shows resistance to irradiation.
This experimental evidence indicates that the lead phos-
phate possesses the potential to resist gamma irradiation to
a measurable extent and that the changes observed in the
UV absorption are virtually originating from the presence
of trace iron impurities. It is obvious that progressive
gamma irradiation generates the released negative elec-
trons and positive holes. It seems that some of the iron

species present in the divalent state (Fe®") capture positive
holes through photochemical reactions during the irradia-
tion process. The net result is the formation of trivalent iron
(Fe*™) species, and these ions are known to absorb in the
UV region, and hence the observed increase in the inten-
sities of the UV region. It is believed that the base host lead
phosphate which is constituted with heavy metal ions
(Pb*") in appreciable content (50 mol%). Glasses con-
taining heavy metal ions (e.g. Pb>", Bi**...) are known to
be potential radiation-resistant candidates, and find appli-
cations as radiation-shielding materials [42—46].

A very recent study by Moncke and Ehrt [47] has
identified an induced defect at 770 nm in W-doped alu-
minofluoride phosphate glasses (with WO; level 50—
5000 ppm), while it is less sensitive in borosilicate. They
can confirm the presence of charge transfer bands due to
iron impurities although they have used high purity
reagents in the preparation of the glasses.

In the WO3-doped glasses, presently studied, prominent
absorption bands could be easily identified before irradia-
tion and are more distinguished with the higher WO;
content. The absorption bands are easily observed in both
the UV and visible regions. The ease of identification of
these specific absorption bands seems to be related to the
presence of appreciable pentavalent tungsten ions which
are stabilized by the presence of high PbO content
(50 mol%). Hexavalent chromium colours are known to be
stabilized in high lead glasses [2].

The failure or the inefficiency of gamma irradiation
effects on undoped and tungsten-doped glasses can be
related to the presence of heavy Pb®" ions which retard the
formation of extra induced defects. The already observed
changes are the slight increases of the intensities of the
absorption bands compared to those present before irradi-
ation. The increase in the WOj; content decreases this effect
to a noticeable degree indicating also the shielding
behaviour of tungsten ions surplus to the same effect as that
of the heavier lead Pb®" ions.

Interpretation of the infrared absorption spectra

In vitreous system, it is assumed [22, 48, 49] that vibrations
of the characteristic groups of atoms in the network are
independent of the vibrations of other groups. Infrared
spectroscopy lends itself as an effective tool, because the
techniques are sensitive to short-range ordering and local
interactions.

Most researches on the vibrational spectroscopy of
phosphate crystals treat information on their structure in
terms of oxygen bridges and terminal groups rather than in
terms of Q" species [50, 51]. It is known [52] that both the
polar and non-polar vibrations of phosphate lattices are
active in both IR and Raman spectra.
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The IR spectra are dominated by intense bands related to
cation- versus anion-made vibrations whereas the Raman
spectra are dominated by intense bands related to modes
involving polarizability variations. In general, the assign-
ment of modes in the glasses is done by reference to what is
known as the crystalline phases of equivalent composition
[50].

It is reported that the strong IR band at about 475 cm™
is assigned to the bending vibrations of O-P-O unit, ¢
(PO,) modes of (POs), chain groups[53], and the con-
nected band at about 512 cm™" is related as a fundamental
frequency of (PO4)*~ [54], or as harmonics of P=O bend-
ing vibrations [55]. The medium peak at about 725-
767 cm~' may be attributed to the symmetric stretching
vibration of P-O-P rings [5]. The IR absorption in the
region 891 cm ™' was found to be sensitive to the different
metaphosphate groups in the form of chain-, ring-, and
terminal groups [56]. The strong band at about 1043 cm™'
is attributed to asymmetric stretching of P-O-P groups,
0,s(P=0) modes [51]. The small band at about 1627 cm ™!
is related to the P-O-H bridges [12—-14]. The broad band
centred at about 3438 cm™! is attributed to H,O or POH
vibration [57-60].

Experimental IR absorption spectra of WOs5-doped
glasses up to the level of 12%, reveal the general mainte-
nance of the main characteristic phosphate network groups,
but they show some different features reflecting the depo-
lymerization effect of WO5 addition on the phosphate
network, which can be interpreted as follows:

1

(a) All the intensities of the main characteristic bands
progressively decrease with the increase of WOj;
content.

(b) The appearance of a kink at about 420 cm™', which
seems to be related to W, (of WOs) mode as
suggested by Maczka et al. [61, 62].

(c) The sharp bands identified at about 1700, 2820 and
2940 cm ™' sharply decreases with the increase of
WO; content. These bands are related to P-O-H and
P-H stretching [58, 60].

Interpretation of the Raman spectra

Raman spectroscopy is accepted as a powerful tool and as
an analytical technique, sensitive to define the local or
structural units in glasses, such as infrared spectroscopy
[63, 64]. Raman scattering spectra have been used for
investigation of the molecular or local structure in phos-
phate glasses [65, 66]. In the Raman spectra of
metaphosphate glasses, there are Raman bands, which
could be easily identified, 685-695 cm™ ! for the vs5(POP)
vibration, at 1165-1175 cm™" for the vs(PO,) vibration,
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and a band at 12701285 cm™" for the v,(PO,) vibration
[65, 66].

The experimental Raman spectra (Fig. 6) can be inter-
preted on the same previous postulations. The very strong
sharp peak at 1143-1147 cm ™' to the symmetric stretch of
PO, vibrations, the medium band to (P-O-P) vibration and
the weak band at about 945 cm™' to the W—O stretching
vibrations.

Interpretation of the ESR measurement

The ESR spectra illustrated in Fig. 7 reveal that the
undoped sample gives no significant resonance but only a
small kink. The W-doped sample (5% WO3) shows high
resolution resonance spectrum indicating the dominance of
W>" jons because these ions possess unpaired electrons
and hence their paramagnetic character. On the other hand,
WO jons possess paired electrons and thus did not share in
the experimental ESR spectrum.

Conclusion

UV-Visible absorption spectra of prepared undoped and
WOs3-doped local phosphate glasses have been measured
before and after successive gamma irradiation. Ultraviolet
spectrum of undoped lead phosphate glass reveal strong
and wide absorption which is proposed to be related to
combined absorption due to of trace iron impurities and
lead Pb®" ions. High content WOs-glasses are coloured
blue and exhibit distinct visible bands which indicate the
presence of appreciable pentavalent W>* ions in these high
lead phosphate glasses. Gamma irradiation is observed to
reflect shielding or resistance behaviour by the host high
lead phosphate glass which is attributed to the movement
of electrons or positive holes in the glass network during
the irradiation process. Infrared and Raman spectroscopic
data indicate and confirm the presence of metaphosphate
units as the main structural units in the lead phosphate glass
considered in this study. ESR measurements confirm the
presence of pentavalent unpaired W>* ions.
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