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ABSTRACT 

 
Fourier Transformation Infrared (FTIR) spectroscopy was used to study the structure of borate glasses 

containing nickel and titanium ions before and after subjecting to gamma radiations. All glasses were melted in Pt-
2% Rh crucibles in an electrically heated furnace at 1100°C for two hours. The measurements were carried out in the 
wavelength range of (4000-400 cm -1) and the KBr disc technique was employed. The response of the glasses studied 
to γ- rays radiation is related to the formation, accumulation and annihilation of induced defects or to some effects on 
the bond angle and / or bond lengths of the building units. Hence the observed changes in the FTIR spectra can be 
utilized to confirm the type of structural group and the changes in the structure arrangements of the building groups 
after irradiation. 
 
Key words: Borate glasses, Combined transition metal, FTIR spectra, Gamma irradiation, Ni and Ti ions. 

 

Introduction 
 

Borate glass is considered as one of the most important glasses because of its numerous commercial 
applications such as fiber glass, encapsulation of radioactive nuclear wastes and recently as biomaterial properties. 
For instance, Infrared absorption spectra can provide important information on the structure of different types of 
glasses and the vibrational modes that are present in the glasses (Condrate, 1972; Furukawa and White, 1980). 
Borate glasses provide an ideal case in comparison to other glass forming systems, to demonstrate the effectiveness 
of UV- visible, infrared and Raman spectroscopy in glass science. These glasses are easily melted and are good hosts 
for transition metals ions and from a number of spectroscopy techniques, the properties of glasses have been 
established in terms of stereochemical environment they provide and the oxidation number that they favor for the 
transition metal iron (Barker and Sievers, 1975). These properties can be changed according to the alkali oxide or 
modifiers content (Condrate, 1972).  

Boron has the smallest mass compared to other network forming elements and thus the main vibrational modes 
associated with the glass network appear well above 500 cm-1 in the mid-infrared region. These network modes are 
well separated from the metal ion site vibrational modes active in the far infrared region i.e. below 600 cm-1. Borates 
have a rich chemistry because of the ability of boron to change its coordination with oxygen between three and four 
and this provides a range of anionic environments that can coordinate the modifying metal ions. For these reasons the 
borate glass systems can be considered as prototypes for infrared investigations of the short-range order structure of 
the network in the mid infrared as well as of the metal ion site interactions in the far infrared region of the spectrum. 

El Batal et al. (2008) have studied the optical properties and the FTIR of 3d transition metal doped lithium 
borate glasses before and after gamma irradiation. Infrared spectra reveal distinct and characteristic absorption bands 
in quite different wave numbers for the triangular and tetrahedral borate groups. Gamma irradiation causes a 
decrease in the intensities of the IR bands accompanied by losing sharpness. These results are related to the 
generation of more amorphicity or disorder of the non-periodic arrangement by the effect of gamma irradiation. 
Another explanation is the possible changes of some bonds angles or bond lengths within the structural groups by 
irradiation. Transition metals didn't cause any obvious changes in the FTIR spectral bands due to BO4 and BO3 
groups because of the low doping level 0.2%. Also, ElBatal and  Hamdy, (2008)  have investigated by combined 
spectral techniques 3d TMs – doped sodium borate glasses before and after gamma irradiation. The main structural 
BO3 and BO4 groups are found to be unaffected by 3d TM ions and gamma irradiation but minor changes are 
observed in the intensities of  some bands due to suggested variations in the bond angles and / or bond lengths of 
some groups.  

The infrared absorption spectra of borate glasses containing heavy metals oxides (such as Bi2O3, PbO, BaO, 
SrO) have been shown distinct characteristic bands due to BO3 and BO4 as with IR spectra obtained from alkali 
borate glasses (ElBatal and  Hamdy, 2008; ElBatal et al., 2002; ElBatal et al., 2010; Abdelghany and  Ahmed, 2015; 
AbdelAziz et al., 2014; El-Alaily et al., 1994; El Batal et al., 2014) . The introduction of 3d TMs in the doping level 
(0.1, 0.2) causes no obvious effect on the IR bands because of the presence of TM ions in modifying positions with 
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low percent. On the other hand, heavy metals oxides reveal obvious shielding effects towards successive gamma 
irradiation and the spectral curves remain unaffected. 

The predominant effect of radiation on inorganic solids (ElBatal et al., 2014)  is to displace the atoms or the 
ions producing induced defects in the lattice structure. This effect is becoming increasingly important with the 
widespread use of the semiconductor devices in the radiation field and also in the extraterrestrial communications. 
There are two reasons for the interest in the effects of radiation on the glass (ElBatal et al., 2014); firstly the effect of 
radiation is in itself important because the glass is much widely used as a material of construction as windows for 
hot-cell and secondly it is a useful method for investigating the glass structure and the ability of glass to be used for 
burial or encapsulation of radioactive wastes. 

The aim of this work is to study the effects of gamma irradiation of some borate glasses containing nickel and 
titanium ions through studying of their infrared spectra before and after gamma irradiation. Obtained glass samples 
containing TM-dopant with specified chemical composition found to be suitable candidate for color control in 
amorphous materials especially with successive gamma irradiation regime. 

 

Materials and Methodology 
 
ZnO or BaO-sodium borate based glasses containing 0.2 g nickel oxide and 2.0 g titanium oxides were 

prepared. The raw materials used were of chemically pure grade (Analar quality, BDH, England, max. 0.05% Fe) 
and were finely pulverized. Boric oxide was introduced in the form of orthoboric acid (H3BO3). Soda and barium 
oxide were introduced in the form of their respective carbonates while zinc, nickel and titanium oxides were 
introduced as such (Merck Chemical). The nominal chemical composition was listed in Table (1) where these glasses 
were doped with 0.2 g NiO and 2.0 g TiO2 /100 g. These glasses were subjected to different doses of gamma 
irradiation as listed in table (1). 
 
Table 1: The nominal glass composition along with and without different doses of gamma irradiation. 

Glass No. 
Glass Composition (W %) 

Dose of  Radiation (Mrad./Sec) 
B2O3 Na2O Ro 

1 80 20 -- -- 
2 '' '' '' 12x105 
 B2O3 Na2O ZnO  
3 80 18 2 -- 

 
4 
 

" " " 1x105 
" " " 6 x105 
" " " 12x105 

5 80 10 10 -- 
 
6 

" " " 1x105 
" " " 6 x105 
" " " 12x105 

 B2O3 Na2O BaO  
7 80 18 2 -- 

8 
" " " 1x105 
" " " 6 x105 
" " " 12x105 

9 80 10 10 -- 

10 
" " " 1x105 
" " " 6 x105 
" " " 12x105 

  
Glass melts were prepared using Pt - 2% Rh crucibles in an electrically heated furnace. The temperature of 

melting was 1100°C while the duration of melting was two hours to reach acceptable homogeneity. After complete 
melting, each glass melt was cast into special stainless steel molds and the prepared glass samples were annealed at 
the appropriate temperature (350 - 400 °C) then left to cool inside the annealing muffle to room temperature with a 
rate of 30 oC. The resulted glass samples were grounded for IR measurements.  

All the glasses under investigation were exposed to gamma radiation using an Indian 60Co gamma rays cell 
(2000 Ci) with a dose rate of about 2.3 Gy / sec. in which each glass sample was placed in a manner that it was 
subjected to the same different irradiation dose. Scheme (1) represents a schematic diagram of gamma cell cross 
section used for sample irradiation)   

 
Scheme (1). A schematic diagram of gamma cell used for irradiation process.  
1- Irradiation chamber 2- Irradiation drawer  
3- Co60 irradiation source 4- Inner head plug  
5- Hinged lead collar swing clear of irradiation chamber. 
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Spectrophotometeric measurements in the infrared region of the spectrum were recorded in the range of (4000-

400 cm-1), using a Jasco FT/IR-300E (Japan) infrared spectrophotometer. The KBr disc technique at room 
temperature was used. The experimental results obtained were plotted in terms of optical absorption as a function of 
wavenumber in cm-1. 
 

Results and Discussion 
 
FTIR spectral measurements: 

1) The infrared absorption spectra of the sodium borate glass of the composition B203 80%, Na2O 20%, NiO 
0.2g, TiO2 2.0g were studied. The results obtained are given in Figure (1) from which it can be seen that several 
absorption bands at (3446-2390 cm-1), 1660, 1400, 1080, 940, 700 and 540 cm-1. Also, the glass shows two further 
visible peaks at 430 and 840 nm. These specific visible peaks indicate the presence of nickel ions in both octahedral 
(430 nm) and tetrahedral (840 nm) coordination's due to the close values of legend field stabilization energy of both 
two coordination's. 

In the parent sodium borate glass of the composition mentioned before, it may be attributed to the fundamental 
free OH-stretching vibrations (Ghoneim et al., 2011)  or to very strongly hydrogen-bonded OH-stretching vibration, 
H20 bending vibrations (Ulagaraj and  Kayla, 1984) , B-0 symmetric stretching vibration of various borate groups 
(Kamitsos and  Karakasid, 1987), stretching vibration of metaborate groups, B-O bond stretching of triagonal BO3 
units (Khalifa et al., 1991) or B-0 asymmetric stretching vibration of tetrahedral BO4 unit (Shafi et al., 1985)  , 
vibrations of diborate groups(Shafi et al., 1985)  , vibrational band of titanium group TiO4 tetrahedra (Ezz-Eldin et 
al., 1996) , stretching vibrations of tri, tetra and pentaborate groups (Kutub  and  Elmanharawy, 1988)  or titanium 
oxide vibration in TiO4 tetrahedra (Kutub  and  Elmanharawy, 1988)  bond - bending vibrations of bridging oxygen 
atoms (Banford, 1977) or Ti-O-Ti symmetrical vibrations (Paul, 1990) , common features for glasses with high boric 
oxide content(Kamitsos and  Karakasid, 1987) , the motion of the sodium ion and bending modes for titanate units 
(Krogh, 1965)  or vibrational band of titanium groups respectively. 

 

 
 
Fig. 1: Infrared absorption spectra of glasses No. (1) and (7,9) before irradiation 

 
Fig. 2: Infrared absorption spectra of glasses No. (3) and (5) before irradiation 

 
2.  The infrared absorption spectra of the glass after being subjected to 1.2 x 105 rad / sec. gamma irradiation 

reveal several absorption bands at 3350, 1636, 1431, 1353, 1249,1096,1028, 922 and 696 cm-1 as shown in Figure 
(3). may be due to the stretching vibrations of borate groups  B-0 stretching involving mainly the linkages oxygen 
connecting different groups (Khalifa et al., 1991), B-O asymmetric stretching vibrations of tetrahedral BO4 
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units(Ezz-Eldin et al., 1996), B-O stretching vibration of BO4 tetrahedral in pentaborate units(Ezz-Eldin et al., 1996)  
, vibrations of diborate groups(Banford, 1977)  or vibrational band of titanium groups TiO2 tetrahedra (Paul, 1990), 
deformation modes of network structure (Khalifa et al., 1991) [16], oxygen atom (Abdelghany  and  ElBatal, 2014)  

or Ti-O-Ti symmetrical vibrations (Kamitsos and  Karakassides,1986)  common features for glasses with high boric 
oxide content and band due to the motion of the sodium ion (Kamitsos and  Karakasid, 1987)   respectively. 

 
Fig. 3: Effect of gamma irradiation dose on the infrared absorption  spectra of glass No. (2). 

 
3. The infrared absorption spectra for glasses in which two or ten parts of soda were replaced by one of the 

divalent metal oxides (zinc oxide or barium oxide), cation for cation, are given in Table (1) and are shown in Figs. 
(1, 2), from which it can be seen that;  

i. Several absorption bands were observed at (3583-2360), (1640-1600),(1457-1400),(1375-1340), 
1270,1250,1200, (1093-1033),(960-910), 870, 813, 770, 520 cm-1 absorption spectra given by glass containing zinc 
oxide. 

ii. Numerous absorption bands were observed at (3560-2180), (1660-1620), (1457-1420), 1360, (1270-1230), 
1100, (1050, 1025), (1093-1033), (960-920), 870, 813, (780-740), (700-640), 600, (550-510) cm-1 absorption spectra 
given by glass containing barium oxide.  

iii. The position and intensities of the absorption bands slightly changed with the gradual increase of the 
divalent metal oxide content replacing parts of soda, the absorption bands at 960, 910, 870 and 813 cm-1 were clearly 
identified with the increase of zinc oxide contents. 

The intensities of the absorption bands of the glasses containing zinc oxide decrease with the increase of the 
divalent cations. While that of barium oxide increased with the increase of the cation contents.   

4.The infrared absorption spectra for glasses in which two part of soda were replaced by one of the divalent 
metal oxides (zinc oxide or barium oxide), cation for cation, were subjected to different doses of gamma, irradiation 
ranged from 1xl05 to 12xl05 rad /sec. gamma irradiation reveal numerous absorption bands at (3437-2334 cm-1), 
(1644-1632 cm-1), (1436-1360 cm-1), (1356-1354 cm-1), (1250-1248 cm-1), (1101-1098 cm-1), (1026-1017 cm-1), 
(923-921 cm-1), (782-780 cm-1) and (697-691 cm-1) as shown in Figures (4,6).  

The role of zinc or barium oxides can be explained as follows: when zinc oxide is introduced replacing parts of 
soda in these types of glasses, a considerable proportion of this oxide will be present as ZnO4 groups with some of 
Zn2+ ion enclosed in the structural interstices and the formation of one RO4 tetrahedron requires an additional 
oxygen atom or two single bonded oxygen ion which ion can be provided by the sodium ions. The ZnO4 tetrahedron 
will have in its neighborhood two Na+ ion to establish the electro-neutrality and such Na+ ion will not be in the same 
state of freedom as when they are enclosed in the interstices made up of BO3 alone; as a result the numbers of BO4 
groups decreases and it should be recalled that no BO4 groups will be linked together but are separated by BO3 
triangles or bridge linkages. The oxygen ion which are deformed by the zinc cation are said to be less polarized than 
those deformed by the sodium cation because the oxygen ion are tightly bonded in the former case than the oxygen 
ion in the latter case and also due to the relatively small size and higher field strength of the Zn2+ ion. If increasing 
amounts of zinc oxide are introduced in replacement of soda, the proportion of ZnO4 groups will be reduced since 
less oxygen ion are available from the soda content an Zn+ ion will thus become enclosed in the network structure 
interstices or will act as bridges between the network forming units (Motke et al., 2002). 

When barium oxide is introduced replacing parts of soda in the above types of glasses, the barium ions will act 
partly as bridges between the network forming groups and partly enclosed in the structural interstices which will be 
larger than the average size necessary to enclose Na+ ion, thus the divalent Ba2+ ion will be more strongly held hi the 
structural interstices than the monovalent Na+ ion. Consequently, the structure tends to develop a series of interstices 
of more or less regular type surrounding the Ba2+cation with a proportion of large irregular interstices in which the 
sodium ions had to be housed; moreover the Na+ ion are comparatively weak in the structure and the most of the 
more regular interstices are occupied by the Ba2+ ion (El Batal et al., 2014). 

4. The infrared absorption spectra of the glasses in which ten part of soda were replaced  by the divalent metal 
oxides (zinc oxide), which were subjected to different doses of gamma, irradiation ranged from 1xl05 to 12xl05 rad 
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/sec. reveal several absorption bands at (3440-2334 cm-1), (1645-1626 cm-1), (1437-1434 cm-1), (1381-1354 cm-1), 
(1251-1213 cm-1), (1165-1098 cm-1), (1046-1000 cm-1), (931-924 cm-1), (782-695 cm-1), (593-582 cm-1), (513-507 
cm-1) and 500 cm-1, as shown in Figure (5).  

 

 
Fig. 4: Effect of gamma irradiation doses-1)1x105 2) 6x105 3) 12x105  rad/sec on the infrared absorption  of 

glass No. (4). 

 
 

Fig. 5: Effect of gamma irradiation doses-1)1x105 2) 6x105 3) 12x105 rad/sec on the infrared absorption of glass 
No. (6). 

 
Fig. 6: Effect of gamma irradiation doses-1)1x105 2) 6x105 3) 12x105  rad/sec on the infrared absorption  of 

glass No. (8). 
 
The absorption spectra may be attributed to the free OH-stretching vibrations (Ghoneim et al., 2011) , H20 

bending vibrations, B-0 symmetric stretching vibrations of various borate groups, stretching vibrations of 
metaborate groups (Kamitsos and  Karakasid, 1987) , B-O band stretching involving mainly the linkages oxygen 
connecting different (El Batal et al., 2002), B-O asymmetric stretching vibrations of tetrahedral BO4 units, B-O 
stretching vibrations of BO4 tetrahedra in pentaborate units, vibrations of diborate groups or vibrational band of 
titanium group TiO2 tetrahedral (Abdelghany and ElBatal, 2014) , oxygen bridge between one tetrahedral and one 
triagonal boron atoms (El-Alaily et al., 1994), oxygen atoms or Ti-O-Ti symmetrical vibration (Salem et al., 1994) , 
common features for glasses with high boric oxide content (El-Alaily et al., 1994)  and band due to the motion of the 
sodium ion (El Batal and  Hamdy, 2008) . 

5. The infrared absorption spectra for glasses in which ten part of soda were replaced by barium oxide, cation 
for cation It is observed that the positions and the intensities of the IR bands slightly changed with the increase either 
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with the increase of the divalent metal oxide content or with the increase of gamma irradiation doses and the 
following bands are observed at (3440-2334), (1645-1626), (1437-1434), (1381-1354), (1251-1213), (1165-1098), 
(1046-1000), (931-924), (782-695) and (593-582) cm-1, as shown in Figure (7).  

 

 
Fig. 7: Effect of gamma irradiation doses-1)1x105 2) 6x105 3) 12x105  rad/sec on the infrared absorption  of 

glass No. (10). 
 
The role of nickel and titanium oxides can be explained by assuming that there is no evidence for the 

contribution of the nickel ions in the infrared absorption spectra of the glasses studied since no absorption bands 
characteristic to the state of the nickel ions are observed and presence as modifiers. While the titanium ions may be 
found in a great proportion in the tetrahedral form (TiO4) with a little proportion in the octahedral form (TiO6). The 
state of the titanium ions in the glasses studied can be outlined by considering that titanium dioxide cannot be 
considered as a glass network former by itself (ElBatal et al., 2008)  and it has been demonstrated that this oxide may 
act as a glass network former by forming binary titanate glasses. Almost, all reference of Ti4 ions in the glass, these 
ions can exist in both six-fold and four-fold co radiations, also it was stated that some glasses at certain compositions 
don't contain titanium ions in the trivalent state (Kusabirake,1987)  Figure 1 and Table 2 which depicts the infrared 
absorption bands and their assignments. 
 
Table 2: Position and assignments of infrared absorption bands of the studied glasses 

Assignments Peak Position (cm-1) 
Free OH stretching vibrations and strongly hydrogen-bonded OH Stretching vibrations (Kamitsos  et al., 
1990) 
CO2 Carbon dioxide group (Paul,1990)  
 H2O bending vibration (Husung, 1990)   
Stretching vibrations of metaborate groups (Paul,1990)   
B-O stretching vibrations involving mainly the linkages oxygen connecting different groups (Paul,1990; 
Salem, 1994) or B-O bridge B3O6 rings of BO3 triangles (Krogh, 1965)  
B-O asymmetric stretching vibrations of tetrahedral BO4 units (Kamitsos et al., 1986)  
 Stretching vibrations of tri, tetra and penta borate groups (Villegas et al., 1994)  
Titanium oxide vibrations in TiO4 tetrahedra [Kusabirake, 1987; Villegas et al., 1994)  
Deformation modes of network structure (Salem et al., 1994)   or bending motions in plane and out of plane 
of B3O6 rings (ElBatal  et al., 2011). 
Oxygen bridge between one tetrahedral and one trigonal boron atoms(Kamitsos and Karakassides, 1988) 
Penta borate ion and metaborate or more complex ring structures containing one or two BO4 tetrahedra 
(Kamitsos and Karakassides, 1988) . 
Bond-bending vibrations of bridging oxygen atoms (Lell et al., 1966)  or Ti-O-Ti symmetrical vibratios 
(Villegas et al., 1994).  
Structure containing one or two BO4 tetrahedra (Kamitsos and Karakassides, 1988). 
Common features for glasses with high boric oxide content (Paul,1990)  

3500 - 2400 
 
2300 
1600 
1400 -1340 
1200 - 1250 
 
1200-850 
880 
830 
800 
 
765 
760 - 750 
 
700 
 
630 – 600 
500 

 
Interpretation the effect of gamma irradiation: 

It has been established that when glasses are subjected to ionizing gamma irradiation, numerous changes 
can be expected in the IR spectra and the extents of the induced radiation defect depends on the type and dose of 
the radiation, intrinsic defects already found in glass and the presence of impurities including transition metal 
ions (Lell et al., 1966; Bishay, 197; Friebele, 1991). Gamma irradiation produces excitation to some electrons to 
travel through the glass network and also generates positive holes. The electrons and positive holes can produce 
numerous induced defects by being captured through intrinsic defects including nonbridging oxygen's and affect 
the transition metal ions through some photochemical reactions even if present as impurities within the glass. 
The presence of transition metal ions as dopants can compete to capture electrons or positive holes. Progressive 
gamma irradiation can cause breaking of some bonds within the structural building units and thus brings 
changes in some units including variations in the bond angles and / or bond lengths of the building units and 
thus the observed changes in the intensities of some bands or variations in their positions. 
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 The change in the intensities of the infrared absorption bands specially and the decrease of some bands 
after exposure to gamma irradiation doses may be due to the occurrence of some sort of further disorder in the 
glass structure. The disorder is accompanied by a decrease in the ability of the structural building groups B03 
and B04 to vibrate and reveal their characteristic absorption. This may be interpreted on the basis that 
successive gamma irradiation on such glasses produces displacements, bond breakage or knock-on damage 
beside the electrons rearrangement (Shafi et al., 1985). Such defects are believed not to be permanent but of 
temporary nature. Also, it is accepted that the rate of formation of the induced defects attains saturation or 
equilibrium state when sufficient induced defects are formed after which the rate of annihilation is accelerated 
(Kutub and Elmanharawy, 1988) When the rate of formation and annihilation becomes nearly equal after 
prolonged irradiation, the equilibrium or the saturation state is assumed to be established (El Batal  et al., 2014; 
El Batal et al., 2014; Ghoneim  et al., 2011).  
 

Conclusion 
FT infrared spectra of prepared borate glasses containing additive of NiO and TiO2 have been measured 

before and after gamma irradiation. The FTIR spectra of the glasses before irradiation reveal vibrational modes 
due to characteristic triangular and tetrahedral (BO3 and BO4) borate groups as the main glass consisting 
groups in their spectra wavenumber positions. The results have been analyzed and interpreted on the bases of 
the transformation of part of the boron from 3 to 4 - coordination by the action of alkali oxide or divalent oxide. 
Hence, TM has considering effect with gamma irradiation on such glasses. 

The effects of the small studied concentration of each TM dopants on the FTIR spectra are limited within 
the major glass constituents. Gamma irradiation causes some variations in the optical spectra of the studied 
glasses due to the generation of induced defects through the released electron or positive holes during the 
irradiation process of the studied glasses. 

The effects of the ability of some divalent oxide on the formation of structural forming units and the 
response on IR spectra have been considered. The additions of transition metal oxides on the IR spectra are 
explained. Also, the effects of the gamma irradiation on the IR spectra have been explained by the assumption 
of different responses such as bond breaking, more disorder of the building units i.e. change in the bondlength 
and/or bond angle. 
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