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ABSTRACT 
  

Combined optical and FT infrared absorption spectral measurements were carried out for prepared 
undoped barium borate glass of the molecular composition (45% BaO. 55%B2O3) and glasses of the same 
composition containing 0.3, 0.6, 1.0, 1.5% of either AgNO3 or AgBr. The same collective spectral 
measurements were repeated after gamma irradiation. The optical spectrum of the undoped barium borate 
reveals two strong charge transfer UV absorption bands which are attributed to be generated from unavoidable 
trace iron (Fe3+ ions) impurities which are contaminants within the chemicals used for the preparation of this 
glass. The silver-doped glasses show an additional visible band with its position varying with the form in which 
silver ions are introduced. Gamma irradiation produces variable changes in the optical spectra between the 
undoped and Ag-doped glasses. The differences may be attributed to the assumption of shielding of heavy Ba2+ 
ions with higher percent and the possible contribution of silver ions. 
 FT infrared absorption spectra of the undoped and silver-doped glasses reveal extended and 
characteristic vibrational bands due to the sharing of modes due to triangular and tetrahedral borate groups. 
Scanning electron microscopic studies show few small microcrystals of silver scattered in the landscape of the 
micrograph. The origin of the formation of such microcrystals is assumed to be due to the reduction of silver 
ions by traces of Fe2+ ions present as impurities and to the contribution of high temperature during melting. 
 
Keywords: Barium borate glass; Silver ions; FTIR; UV-Vis. spectra; Gamma irradiation and SEM. 

 

Introduction 
  
 Glasses containing B2O3 find both commercial applications and important scientific interest. These 
include thermal insulating glass wool, textile fiberglass, chemically durable glass for laboratory equipments and 
encapsulation of radioactive wastes and recently as biomaterials (Volf, 1990; Ingram, 2004; Liang et al., 2008; 
Ouis et al., 2012). B2O3 is an exceptional glass-forming oxide which exhibits the ability to change the 
coordination of some borons from three to four while both SiO2 and P2O5 retain the four-coordination to their 
cations in all their different glasses. 
 Binary borate glasses containing alkaline earth oxides (CaO, SrO or BaO) are identified by infrared and 
Raman spectral studies to consist and behave as alkali borate glasses (Kamitsos, 2003). Three and four-
coordinated borate groups are identified upon the addition of any of the mentioned alkaline earth oxides and the 
ratio of each borate group depends on the type and amount of alkaline earth oxide added. 
 Recent studies have been made on glasses containing silver oxide with the large interest concerning 
their high ionic conductivity and numerous applications such as biomaterials with anti-bacterial and 
antimicrobial effects, biomaterials for cancer and HIV therapies, chemical sensors, electrochromic displays 
devices and solid batteries (Dubiel et al., 2003; Mulligan et al., 2003; Elechiguerra et al., 2005; Lucacel and 
Ardeleen, 2007; Ahmed and Abdallah, 1995a; Coelho, 2012). 
 The purpose of this work is to prepare host barium borate glasses containing two types of increasing 
silver ions added in the form of silver nitrate or silver bromide with the doping level (0.3, 0.6, 1.0 or 1.5%). This 
study includes combined optical and FT infrared absorption spectral measurements of the prepared glasses. Such 
collective spectral studies are expected to characterize the state of silver ions in such host barium borate glass 
and to justify the structural building units. The effect of gamma irradiation, on the spectral properties was also 
studied. Scanning electron microscopy of high Ag-doped glasses were examined to confirm the state of silver 
ions in such host glass. 
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Experimental Details: 
Preparation of glasses: 
 The glasses were prepared from chemically pure materials including orthoboric acid (H3BO3) for B2O3 
and heavy barium carbonate(BaCO3) for BaO and silver ions were added either as silver nitrate (AgNO3) or 
silver bromide (AgBr) in the doping level:0.3, 0.6, 1.0 or 1.5%. 
 Accurately weighed batches were melted in platinum crucibles at 1200oC for 90 minutes under normal 
atmospheric condition. The platinum crucibles containing the melts were rotated at intervals to ensure 
acceptable homogeneity to the melts. The melts were then casted into preheated stainless steel molds of the 
required dimensions. 
 The prepared glasses were transferred immediately to a muffle furnace regulated at 420oC for 
annealing. The annealing muffle was switched after 1 hour and left to cool with the samples inside to room 
temperature at a rate of 30oC/hour.  
 
Optical absorption measurements: 
 UV-Vis. absorption spectra were measured for some undoped and silver-doped glasses (0.3, 0.6, 1.0 or 
1.5%). Highly polished glass samples of equal thickness (2 mm+0.1 mm) were scanned in the range from 200-
1100 nm using a recording spectrophotometer (T80+, PG Instrument Ltd, England). 
 
FT infrared absorption measurements: 
 The FTIR absorption spectra of prepared glasses were measured at room temperature in the 
wavenumber range 400-4000 cm-1 by a recording Fourier transform computerized infrared spectrometer type, 
(Nicolet iS10, U.S.A.). The prepared samples as pulverized powder were mixed with KBr in the ratio 1:100 
(powder:KBr, respectively). The weighed mixtures were then subjected to a pressure of 5 tons/cm2 to produce 
clear homogeneous discs. The infrared absorption spectra were measured immediately after preparing the 
desired discs and the same measurements were repeated after subjecting the samples to a dose of gamma rays (8 
M rad). 
 
Scanning electron microscope (SEM): 
 Scanning electron microscopic (SEM) investigations were performed on glassy samples at room 
temperature using an SEM model Philips XL30 attached with EDX unit, with accelerating voltage 30 kV, 
magnification up to 400,000. All surfaces of studied samples were coated with gold for morphological 
investigations. The two selected glasses containing higher silver contents (1.5%) as AgNO3 or AgBr were 
examined by an electron microscope to identify the morphological features of high percent (1.5) doped glasses 
 

Results: 
 
Optical absorption spectra: 
 Figures (1, 2) illustrate the UV-visible absorption spectra of the base barium borate glass and samples 
of the same composition containing successive silver ions introduced as either silver nitrate or silver bromide. 
The spectrum of the undoped base glass reveals strong charge transfer ultraviolet absorption with two distinct 
peaks at 240 and 320 nm and with no visible bands. On gamma irradiation with a dose of 8 Mrad as shown in 
figure (3), the spectrum of the undoped glass reveals an increase in the UV absorption with distinct 
identification of the two peaks at 240 and 330 nm. The samples containing silver ions added as silver nitrate or 
silver bromide reveal the following optical absorption spectra (Figure 1): 
(a) The glass containing 0.3% AgNO3 reveals a spectrum consisting of strong UV absorption with three 
distinct peaks at about 235, 320 and 360 nm and with no visible peaks. The two glasses containing 0.6% and 1.0 
% show the same spectral characteristics as observed in the previous sample (with 0.3%) but with slightly lower 
intensity in the UV region but with higher intensity within the visible region. The last sample containing 1.5 % 
AgNO3 reveals an extra broad visible band centered at about 512 nm. On gamma irradiation, the spectra of 
AgNO3-doped glasses reveals slight increase in the UV absorption and the generation of induced visible bands 
at low silver ions and at the highest AgNO3-doped glass, two strong bands are observed at about 420 and 630 
nm. 
(b) The samples containing silver ions added as silver bromide (figure 2) reveal the following spectral 
features. The two samples containing 0.3% and 0.6% AgBr show strong UV absorption with two distinct peaks 
at about 240 and 300 nm and with no identified visible absorption peaks. The glass containing 0.6% AgBr 
reveals an extra small band centered at about 440 nm. The glass containing 1.5% AgBr shows broad strong UV 
absorption beside additional three peaks at 300, 350 nm beside a highly strong visible band with a peak at 440 
nm. The irradiated glasses reveal small increase in the UV spectra at low silver bromide content with the 
generation of two induced bands at about 430 and 630 nm. At the highest AgBr content the spectrum reveals 
three successive UV peaks at 250, 320 and 350 nm followed by a strong visible band at about 460 nm. 



Middle East J. Appl. Sci., 5(5): 7-17, 2015 
ISSN 2077-4613 

9 

200 400 600 800 1000

0.0

0.5

1.0

1.5

2.0

2.5

3.0

3
2

0

2
4

0

5
1

2

A
b

s
o

rb
a

n
c

e

Wavelength (nm)

 AgNO0.3
 AgNo0.6
 AgNo1.0
 AgNo1.5

 
 
Fig. 1: UV-visible absorption spectra of base glass and glasses that containing silver ions introduced as silver  

nitrate. 
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Fig. 2: UV-visible absorption spectra of base glass and glasses that containing silver ions introduced as silver  

bromide. 
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Fig. 3: UV-visible absorption spectra of base barium borate glass before and after gamma irradiation. 
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Fig. 4: UV-visible absorption spectra of barium borate glass doped with AgBr before and after gamma  
irradiation. 
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Fig. 5: UV-visible absorption spectra of barium borate glass doped with AgNO3 before and after gamma 

irradiation. 
 

FTIR absorption spectra: 
 Figure (6) illustrates the infrared absorption spectra of the prepared glasses. The FTIR spectra are 
observed to be repetitive and revealing all the absorption peaks with composite nature consisting of multiple 
peaks which overlap one another due to the presence of both triangular and tetrahedral borate units. Therefore, a 
band fitting was accomplished on the computer with the auxiliary software peakfit. 
 The deconvoluted IR spectrum for the undoped barium borate consists of two distinct far-IR bands 
within the range 400-650 cm-1 and a sharp band at about 722 cm-1. 
 The mid IR spectrum also reveals two very broad bands, the first extends from 800-1200 cm-1 and the 
second broad band occupies the spectra range 1250-1750 cm-1. The rest of the near IR spectrum shows a broad 
band centered at 2496 cm-1 and a second broad band is centered at 3448 cm-1. 
 Careful inspection of the IR spectra indicates that the experimental data revealed the appearance of 
vibrational bands due to collective groups of both BO3 and BO4 units. The IR absorption spectra can be 
described by referring that the intensity of the vibrational groups due to triangular BO3 units at (1250-1700) cm-1 
is higher or more intense than the vibrational groups due to tetrahedral BO4 groups at (800-1200) cm-1. 
 It is obvious that the deconvoluted spectrum of the undoped base barium borate glass will eventually 
facilitate the interpretation of all the bands after making the splitting by the deconvoluted process. 
Figure (7) illustrates the FTIR spectra of the undoped barium borate glass before and after successive gamma 
irradiation by doses 2, 6 and 8 Mrad. Carful inspection of all the spectral curves before and after irradiation 
indicates the following specific changes: 
a) The main characteristic two broad bands extending from about 750-1230 cm-1 and from 1230-1750 cm-1 are 

almost persistent with their intensities. 
b) The near IR band centered at about 3480 cm-1 is persistent but shows higher intensities at higher doses. 
c) Gamma irradiation sharply increases the infrared band at 680 cm-1 with 2 and 6 Mrad and then return to its 

small appearance. 
d) Gamma irradiation causes the identification of a small peak at about 1220 cm-1 and a new peak at about 1640 

cm-1 with higher doses. 
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Fig. 6: FTIR Spectra of base barium borate glass and glasses doped with different amounts of silver ions. 
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Fig. 7: FTIR (a) Spectra of base barium borate glass before and after successive gamma ray irradiation, (b)  

deconvoluted data 
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Scanning electron microscopy studies: 
 Figure 8 illustrates the SEM of the glass containing highest content of silver ions. The electron 
micrographs reveal some scattered microcrystalline metallic species without definite structures and all 
embedded in amorphous texture. 
 

  
(a) 1.0 AgNO3 (b) 1.5 AgNO3 

  
(c) 1.0 AgBr (c) 1.5 AgBr 

 
Fig. 8: SEM of the glass containing highest content of silver ions 
 

Discussion: 
 
Interpretation of the ultraviolet absorption spectrum from the undoped barium borate glass: 
 Various authors (Sigel and Ginther, 1968; Cook and Mader, 1982) recognized strong ultraviolet charge 
transfer absorption bands in some undoped commercial glasses. They attributed such observed UV absorption 
bands to originate from unavoidable trace iron impurities (mainly Fe3+ ions) contaminants within the raw 
materials used for the preparation of these commercial glasses. 
 Duffy, (1997) has classified different strong UV absorption bands identified in various glasses and has 
assumed that some of these strong UV bands are correlated with trace impurities (e.g. Fe3+, Cr6+) and they are 
developed by electron transfer mechanisms and are clearly identified even if the trace impurities are within the 
ppm level. 
 ElBatal et al. (2008) have identified strong ultraviolet absorption bands in undoped lithium borate glass 
and undoped sodium borate glass (El Batal et al., 2014) which are attributed to Fe3+ ions present as trace 
impurities even in the ppm level within chemicals used for the preparation of these two mentioned alkali borate 
glasses. Also, recently the same strong charge transfer UV bands have been identified in barium borate glasses 
undoped and doped with 3d TM ions and are attributed to trace Fe3+ ions present as impurities (ElBatal et al., 
2014). 
 Based on previous assumptions, the observed strong charge transfer ultraviolet absorption bands from 
undoped barium borate glass at 235 and 310 nm are related to trace Fe3+ ions present as impurities contaminated 
within the raw materials used for the preparation of the host barium borate glass. 
 
Interpretation of the absorption spectra due to silver ions: 
 It is assumed that the optical properties of silver atoms are determined in the visible region by their free 
electrons (Ag: [Kr] 4d10 5s1), while that of silver ions are determined in the ultraviolet region (Ag: [Kr] 4d10 5s0) 
(Ahmed and Abdallah, 1995a,b; Doremus, 1965; Chakraborty, 1998) 
 Ahmed and Abdallah, (1995a) observed three absorption bands at 305, 350 and 420 nm in the UV/Vis. 
absorption spectra of silver-containing soda-lime-silica glass prepared by the ion-exchange process. They 
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assigned these three bands to silver ions (Ag+), elemental (Ag0) and silver nanocrystallites (Ag0)n, respectively. 
 Jimenez et al. (2007) studied the optical properties of silver-doped aluminophosphate glasses and 
found that heat treatment produces precipitation of spherical silver nanoparticles with estimated mean particle 
radii in the 10-40 nm range. They assumed that this nanoparticles are the origin of the observed color or 
nominated as plasmon resonance band. 
 The observed additional visible band at high silver ions can thus be related to the presence of silver 
nanocrystallites (Ag0) which are obviously changing its absorption position with different attached anions (Br- 
or NO3

-). Further work is needed to justify this result by combined recent techniques. 
 
Effect of gamma irradiation on optical spectra: 
 Figures (1-5) illustrate the effects of gamma irradiation with a dose of 8 Mrad on the optical spectra of 
the studied glasses. The undoped barium borate glass (figure 3) upon irradiation reveals an obvious decrease of 
the intensity of the UV absorption while the visible absorption shows a broad curvature around 580 nm. 
 The glasses containing additional AgBr contents (Figure 4) reveal some variations in the response of 
irradiation. The sample with 0.3% AgBr shows after irradiation a decrease in the intensity of the UV absorption 
but the visible spectrum exhibits a marked broad band centered at 440 nm.  
 The two samples with 0.6% and 1.5% AgBr show almost similar response to irradiation. The UV 
absorption spectra in both samples reveal quite higher intensity while the visible spectrum reveals two peaks at 
about 420 and 600 nm. 
 The last glass with 1.5% AgBr after gamma irradiation reveals the same spectrum as before irradiation 
but the two peaks shift to 380 and 420 nm. 
 The glasses containing increasing AgNO3 contents (figure) reveal some spectral changes with 
irradiation. The glass with 0.3% AgNO3 shows obvious decrease in the intensity of the UV absorption but the 
visible spectrum reveals two peaks at about 400 and 600 nm. The sample containing 0.6% reveals almost 
constancy of absorption with irradiation. The two glasses containing 1.0 and 1.5% AgNO3 reveal after 
irradiation the same strong UV absorption with two distinct peaks at about 235 and 350 nm and with an attached 
visible band at 420 nm. 
 
Interpretation of the effect of gamma irradiation on optical spectra: 
 Gamma irradiation as one of ionizing radiation, when interacts with glass produces radiation-induced 
defects, which generally give rise to optical and/or ESR absorption bands (Bishay, 1970; Friebele, 1991). The 
principle effect of ionizing irradiation results from almost purely electronic process. Specifically, the effect 
occurs because excited freed electrons travel through the glass network and they are excited from the valence 
band if the incident energy is greater than the band gap. As these electrons travel they will either recombine with 
positively charged holes, or become trapped to form color centers. If the energy is sufficiently high, produces a 
secondary electron cascade by knock-on collisions with other bound electrons. Additional bound electrons are 
ionized by the secondary electrons through Coulombic interactions. Finally, when the electrons energy becomes 
too low to ionize other electrons, they will either be trapped or recombine with positive holes. 
 It is accepted by several authors that some transition metal ions are observed to compete for released 
electrons or positive holes and their valences are changed by photochemical reactions or cause shielding 
behavior towards successive gamma irradiation as revealed by the constancy of the absorption curves with 
irradiation (ElBatal et al., 2011; Abdelghany et al., 2012; Abdelghany and ElBatal, 2012; Abdelghany, 2012). 
 The interpretation of the observed results on the effect of gamma irradiation on the optical spectra of 
undoped barium borate glass and on silver-containing glasses can be summarized as follows: 
(a) Gamma irradiation of the undoped glass produces two important changes, the decrease of the UV 
absorption and the resolution of a small induced broad visible band at about 580-600 nm. The decrease of the 
intensity of the UV absorption bands can be related to some suggested photochemical reactions between some 
Fe3+ ions present as impurities and released electrons during the irradiation process and their conversion to Fe2+ 
ions. These divalent iron ions are known to have their main optical absorption at about 1100 nm and therefore 
the absorption at the UV region 200-400 nm due to Fe3+ shows a decrease in intensity. The small induced visible 
band at 580-600 nm can be related to the formation of positive hole centers as boron-oxygen hole center 
(BOHC) or nonbridging oxygen hole center (NOHC) from the effect of gamma irradiation on the borate 
network itself as suggested by various authors (ElBatal et al., 2008; Bishay, 1970; Friebele, 1991). 
(b)  The glasses containing Ag ions reveal the stability of the UV absorption with the introduction of such 
silver ions. These results can be related to some shielding behavior upon the introduction of silver ions and 
including the disappearance of the induced broad visible previously observed in the host undoped barium borate 
glass. The support of this assumption is the previous work of Ghosh (1969) on optical properties of Ag-doped 
aluminoborate glass which arrived to the conclusion that the Ag+ ions act as both electron and hole traps. 
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Interpretation of the infrared absorption spectra: 
 Figure (6) illustrates the FTIR spectra of the studied glasses and the IR spectral data can be realized 
and interpreted as follows: 
a. The interpretation of the results should take into consideration the concept introduced and adopted by 
Tarte, (1963)  and Condrate, (1972) about the free independent vibrations of various structural groups 
irrespective of the presence of other vibrating groups. 
b. The chemical composition of the base barium borate glass consists of (45% BaO.55%B2O3-mol%) and 
this specific composition is expected to exhibit both borate units with three and four-coordinations. It is 
therefore experimentally observed a composite broad IR spectrum especially in the mid region (800-1700) cm-1 
and the details vibrational bands can thus be identified by applying the deconvolution method. 
c. The higher intensity of the bands at the wavenumber region 1250-1700 cm-1 which are attributed to 
BO3 units vibrations than the intensity of the bands at the wavenumber 800-1200 cm-1 due to BO4 units 
vibrations can be related to the formation of specific percent of BO4 groups which are lower than the percent of 
BO3 groups. The further increase of the percent of BaO than necessary to this limited percent of coordination 
conversion is known to share in the formation of nonbridging oxygens. The same result and comparable 
explanation has been given by Kamitsos et al. (1990) to explain the IR reflectance of alkaline earth borate 
glasses prepared from the progressive introduction of BaO, SrO or CaO up to 0.45 mol to 1 mol B2O3. 
d. Table (1) gives detailed assignment of all IR absorption peaks which are identified in the deconvoluted 
spectrum of the undoped barium borate glass.    
 
Table 1: Peak position and assignments of IR absorption bands 

Peak Position Assignment Ref. 
460-560 Vibrations of metal cations (Ba2+) 5, 32, 33 

685 B-O-B bending vibrations 5, 30-33 
850, 900, 1095 

 
Tri-, Penta-, tetra-, and di borate groups 5, 31, 33 

1285, 1370, 1507 
 

B-O Asymmetric stretching vibrations of BO3 groups 5, 32, 33 

1637 Water, OH vibrations 5, 32, 33 
1734, 1802, 2025, 2114, 2285, 2713, 2890, 

3180 
Hydrogen bending, water vibrations 

BOH 
5, 31 

3445 Molecular water, BOH 5, 31, 33 
3576, 3741, 3906, 3999 OH, BOH, water 5, 30-34 

 
Interpretation of the effect of gamma irradiation on the FTIR spectrum of the undoped glass: 
 Inspection of figure 7 shows that gamma irradiation on the IR spectra of barium borate glass causes 
some limited changes but the main vibrational bands which are characteristics for BO3 and BO4 groups remains 
almost unchanged in their number and position. 
 The limited changes are concentrated on the Ir bands due to non-conventional glass forming units such 
as that due to water and OH vibrations. These species are known to occupy terminal or modifying positions 
within the glass network and are not tightly bonded. Similar results and interpretations have been reached by 
several authors (ElBatal et al., 2011; Abdelghany et al., 2012; Abdelghany and ElBatal, 2012; Abdelghany, 
2012). It can be assumed that the stability of the main network forming units may be related to the presence of 
high content 45mol% of heavy metal oxide (BaO) which makes the main vibrational bands unaffected by 
radiation. Also, Ghosh (1969) assumed that silver ions act as both electron and hole trap and this is expected to 
reduce the radiation induced effects on various spectral properties. 
 
Origin of microcrystals of silver: 
 Ahmed and Abd Allah (1995a) studied Ag-containing soda lime silica glasses prepared by ion 
exchange method using molten NaNO3 at (350-600C). They assumed that the ion-exchange glass at 300C for 
1 hour acquired a faint yellow color which depend slightly with temperature or time of ion-exchange. A single 
band was identified at 305 nm and attributed to Ag+ ions. The beat treatment of the ion exchange samples 
showed two further bands, the band at 350 nm is related to Ag0 (elemental atoms) while the band at 420 nm is 
associated with (Ag0)n (silver crystallites, n is the number of crystallites). They assumed that the development of 
the yellow stain indicated the formation of neutral silver atoms. They continued by stating that thermal treatment 
alone is not sufficient to play the role but it necessitates a reducing agent. They further added that the reduction 
of silver ions is affected by Fe2+ which is capable of releasing one electron through oxidation to Fe3+. The 
authors revealed that different glass scientists agreed about the state of silver responsible for the band at 400-430 
nm to be attributed to colloidal silver particles. The slight variation in the position of this band might be 
associated with differences in either the base glass composition or in the size of the colloidal silver particles. 
 Lucacel and Ardeleen, (2007) introduced MnO to reduce the number and size of the crystalline silver 
particles in lead borate glass system. SEM failed to establish of the small crystalline particles are silver or silver 
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oxide or any crystalline species. 
 

Conclusion: 
 
 Optical spectra of undoped and silver-doped barium borate glasses reveal strong UV absorption with 
two peaks and the generation of an additional visible band with the addition of silver ions in relatively high 
percent. The strong charge transfer UV absorption peaks are assumed to be originating from trace iron 
impurities (Fe3+ ions) contaminated within the chemicals used for the preparation of the glass. The additional 
visible band observed in silver-doped glass at higher concentration is related to the presence of spectral colloidal 
silver or silver atoms. Gamma irradiation reveals variable changes in the spectra of undoped and Ag ions-doped 
glasses. 
 Infrared absorption of the prepared glasses reveal distinct absorption bands due to vibrational modes of 
BO3 and BO4 units with the first groups more intense than the second group. This is attributed to the limited or 
partial transformation of BO3 to BO4 by the introduction of BaO and the excess alkaline earth oxide after this 
conversion causes the formation of nonbridging oxygens. 
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