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Abstract 
 
(30-x) BaO-xAl2O3-69.5B2O3-0.5MnO2 (0 ≤ x ≤ 15 mol%) (BABM) glasses 

have been prepared using melt quench method.  In the present work, the 
main focus on the role of Al2O3 in the glass composition. Differential 

scanning calorimeter (DSC) studies show that a glass transition 
temperature (Tg) decreases with an increase of Al2O3 content which was 

explained on the basis of NBO’s. The FTIR spectra exhibit to know 
BO3 and BO4 structural units, band assignments confirms Ba2+, Mn-
O and bending vibration of Al-O in [AlO4]. The Raman band at~786 cm-

1 has clearly shown the presence of aluminium bond.  It has been found 

that an increasing the Al2O3 content increases the bond length of the Al-O 

bond in AlO4 which leads to an increase in molar volume and decrease 
density.   

 
Keywords: Barium alumino borate glasses, Physical properties, 

Structural studies. 
 

 

 

1. Introduction 
 

In recent years, the examination over the oxide glasses doped with transition metal ions (TM) has 
received widespread attention because of their attractive physical and chemical combinational 

properties.  Several researchers are motivated towards transition metal ions doped glasses due to the 
fact regarding their interesting properties in accordance with spectroscopy and many other practical 

applications like fiber optical communication, fiber amplifiers, fiber lasers, memory devices, photo 

conducting properties, microelectronics, radiation sensitive materials and solid state laser [1,2]. In the 
class of all TM ions, manganese ion is especially fascinating as it exists in several valance states in 

several glass networks relies on the quantitative properties of modifier and glass formers, the size of 
ions , their field strength, mobility of the modifiers cation [3,4]. EPR is magnificent technique to 

capable of obtaining the information about the transition metal ions in oxide glasses and the ligand 
field changes around TM ions. In oxide glasses, dopant ions like manganese act as a probe for 

determination of glass structure and its application in solid state devices like zinc-carbon batteries, 
wide applications in ceramic industry [5,6]. In general, B2O3 is recognized as excellent glass former, 

with triangular borate units generally as boroxol groups. Primarily, borate glasses are prevalently 



Bulletin of Pure and Applied Sciences/ Vol. 37-D (Physics), No .2 / July-December 2018 

[147] 
 

recognised for their good transparency, lower melting temperature, higher refractive index and 

dielectric constant values [7]. As per conditions of glass formation, some of the glass formers like Si4+ 
and B3+ ions (in B2O3 and SiO2) have a rather high field strength that makes an absence of oxygen ion 

in the glass. In this way, low field strength alkaline earth oxides, which have generally introduced 
into the glass network [8]. When alkaline earth metal oxides add to the borate oxide, a part of the 

boron is modified to tetrahedral coordination to a particular limit after which nonbridging oxygens 
are formed [9]. A portion of the advantages in utilizing modifiers (alkali/alkaline) in borate glass 

details are  to increase the  thermal resistance and mechanical strength, enhanced aqueous capacity to 
concentrate TM ions, chemical durability and also reduced of melting temperature[10]. Barium oxide 

(BaO) act as a network modifier and break the network bonds, in the broken network strontium ions 

invade interstitial positions surrounded by non-bridging oxygens [11]. Aluminium oxide enters in the 
glass network as tetrahedron (the network forming) and octahedral (modifying) is depending on the 

Al2O3/BaO ratio when Al2O3/BaO ≤ 1 only four coordinated ions formed in the form of AlO4 and for 
Al2O3/BaO > 1 form of AlO6 groups[12,13].In glass composition, TM ions  react with aluminium oxide 

forming Al-O-M bonds instead of sitting together to form M-O-M bonds. Accordingly, there will be 
huge changes within the optical and electrical characteristics of the glass material [14]. The presence 

of optimal quantity of Al2O3 within the glass network enhances mechanical, chemical resistance [15]. 
 

In the present work, FTIR, Raman spectra and physical properties are studied. We observed changes 

in structural units of BABM glass. The point of this article is to consider the impact of the addition of 
Al2O3 on the glass network and know the site symmetry around Mn2+ ions.  
 
2. Experimental 
 
2.1. Glass preparation 

Mn doped Barium alumino borate glasses have been synthesized through a melt quenching process 
with composition (30-x) BaO-xAl2O3-69.5B2O3-0.5MnO2 (0 ≤ x≤ 15 mol %)(BABM Glasses) in an 

electrical silicon carbide heating element furnace at a temperature 1100˚C in the air atmosphere. The 
chemicals used were analar grade of H3BO3, BaO, Al2O3 and MnO2. These were weighed according to 

molar ratio and weighted for 10 grams. This mixture of raw material was filled in platinum crucible 
and placed in an electrical-heated furnace, which took nearly 50-60min to melt and get complete 

homogeneous melt. At room temperature, the prepared melt was quenched through pouring it over a 

preheated (150˚C) steel plate. The glasses were then annealed at 300˚C for 3 hr to relieve residual 
internal stress. BABM glasses have been observed to be transparent, brown in colour and thickness 
varied in the range 0.5-1.5mm shown in Fig.1. Table.1 shows the fine glass composition with their 
glass code used in the present investigation. 

 
Figure 1: Images of prepared glass samples of BABM 

 
 
 
 
 
 
 
 
 
 



Mohamad Raheem Ahmed / Physical and Structural Studies of (30-x) BaO-xAl2O3-69.5B2O3-
0.5MnO2 Glasses 

[148] 
 

Table 1: Details of the glass composition and glass transition temperature (Tg) values 

 

Glass code 

Composition (mole %) 

Tg (oC) 
BaO 

Al2O3 

(x) 
B2O3 MnO 

BABM0 25 5 69.5 0.5 597 

BABM1 22.5 7.5 69.5 0.5 589 

BABM2 20 10 69.5 0.5 586 

BABM3 17.5 12.5 69.5 0.5 578 

BABM4 15 15 69.5 0.5 577 

 
2.2. Characterization 

Prepared glass samples are immersed in xylene to measure density utilizing Archimedes principle. 
Glass samples were analyzed by X-ray Diffractometer Philips Xpert pro model with scanning speed of 

20(2θ) per minute to identify the amorphous nature. DSC measurements were carried out on a 
NETZSCH DSC 404F3 spectrometer system in the temperature range of 200–6500C with a heating rate 

of 100C/min. FT-IR spectra of present glasses are noticed in the region from 400-2000 cm-1 by 
Shimadzu 8400S spectrometer. The Raman Spectra was recorded on JOBINYVON HR800 (HORIBA) 

Raman Spectrometer with a solid state diode laser; in the range 220-2000cm-1. All the experimental 

measurements were carried out at room temperature (RT). 
 
3. Result and discussion 
 
3.1. XRD studies 
The XRD pattern of an Mn2+ ion doped strontium alumino borate (BABM) glass samples has been 

manifested in Fig 2. X-ray diffraction is a valuable procedure as a result of its potential to find crystals 
in glasses if the crystals are of dimensions larger than usually 100nm [16]. The XRD graph of an 

amorphous solid material is unique in relation to that of crystal and has it an existence of a broad 
hump over the region rather than the sharp peak. The obtained XRD pattern of all the BABM glass 

samples showed a broad hump around 20˚-30˚, which clearly indicates amorphous nature.    

 
Figure 2: X-ray diffraction pattern for BABM glasses 
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3.2. Thermal analysis 

DSC studies are mandatory for solids, especially for all types of organic and inorganic glasses since 
they provide glass transition temperature (Tg) and crystallization temperature (Tc). Tg is susceptible to 

variation of co-ordination number and formation of NBOs and strongly depend on the nature, 
strength of the chemical bonds. Increment of NBOs demonstrates the breaking of regular bonds 
which decrease the Tg. This behaviour is noticed an account of Al-O [ALO4] bond count increases in 

the glass system which are much feeble than B-O bond [17,18]. Present glasses fall under this category 
and the corresponding DSC graph is shown in Fig.3  and its values are listed in Table.1. DSC for the 

present glass system are restricted to take upto 700˚c beyond this temperature samples are completely 
melted and damaged the boat. To know Tm and Tc, one sample is carried out upto 1200˚c is shown in  
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Figure 3:  DSC curve of BABM glasses 
 
3.3. Physical properties 

Among various experimental techniques available to measure the density, the Archimedes principle 
is considered as the best choice to know structural changes in the glass. From the literature, it was 

observed that a slight change in the glass network causes abrupt changes in density values. A molar 
volume suggests an arrangement of building units and network modal of glasses. Boron and 

Aluminium familiar to possess over one stable configuration, i.e., boron exists as triangles of boron 

(BO3) and tetraborate (BO4), aluminium exists as a triangle of alumina (AlO3) and tetrahedral alumina 
(AlO4) [19,20]. Density values measured practically. These density values are employed to evaluate a 
corresponding molar volume of the glass samples. Both density (ρ) and molar volume (Vm) variation 

with Al2O3 content shown in Fig.4 and its values are given in the Table 2. It has been found that 

increasing the Al2O3 content increases the bond length of the Al-O bond in AlO4, which successively 
is in direct proportionality to the Vm resulting in the creation of  non-bridging oxygen (NBO). From 

the previous literature, it is understood that BaO acts as a modifier and convert BO3 to BO4 units 
which in general should decrease molar volume. But in the present case, BaO is being replaced by 
Al2O3 i.e., Al2O3 concentration increases from 5 to 15 mole percentage while BaO decreasing keeping 

other B2O3 and MnO content. Al2O3 consumes some of the oxygens form BaO readily converted to 
AlO4. The remaining aluminium reacts with CuO suppress the process of converting BO3 to BO4 
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thereby resulting non-binding oxygens (NBO’s) in the form of BO3 units.The molar volume has a 

special association with the bond length and also plays an essential part in the experimental process. 
The bond length increases, which prompts an increase in molar volume is observed from different 

literature [19, 21].  
 

��� =
���

�������
× ��                                                            (1)

     

Where  ��� is weight without liquid, i.e., in the air, weight in liquid, i.e., ��� in xylene respectively, 
and  �� is 0.863 g/cm3.  

 

�� =
��

	���
                                                              (2) 

                                                                
Equation (2) is used to calculate the molar volume (��) and the corresponding terms in the above 

equation are mentioned in the reference [19] 

 
Figure 4: Density and Molar volume as a function of Al2O3 content of BABM glasses 

 
To affirm the increase in molar volume the average boron-boron separation < ���� >  calculated [19] 

by using      ��
� =

��

�(����)
   in which ��

�  represents the volume that contains one mole of boron within 

the given structure while		��  is the molar fraction of boron trioxide < ���� >= �
��

�

��
�

�

�
 

 
where  ��  is  6.0221×1023 being the Avogadro number. The values of boran-boran distance increases 

(0.478 to 0.522) progressively with an increment of Al2O3 (Table 2). The presence of Al2O3 helps to 
increase average boran-boran distance consequently leads to an increase in molar volume. 

 
The refractive index (��) of BABC glasses has been related to the energy gap (Eg) through the relation 

is given by [6]  
 

(��
���)

(��
���)

= 1 − �
��

��
              (3) 
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where ��	is the energy band gap 

 

The increment noticed in the values of refractive index	(��)  from 2.391 to 2.635 of  the present system 

is as results of the raise in the NBO’s count. 
 

The refractive index (��) and dielectric constant (ɛ) are related as [6,19] 
  

   ɛ = ��
�                                                  (4)    

            
The values of ɛ and �� are presented in Table 2. The molar refractivity �� of the glass samples was 

evaluated using [6,19] 
 

�� = �
��

���

��
���

�*��           (5)

            
where  �� -refractive index, �� - molar volume. 
In search of understanding the parameters like polaron radius (��) and inter-ionic separation	(��)  the 

need arises for calculation of transition metal (TM) ion concentration per cc. In BAB glass system Mn2+ 
being TM ion, its concentration is calculated by the formula [17, 19] 

 

�� =
��∗�(���%)∗�

�
                                                      (6)                               

                                                                          

 where  �(���%)  refers to a transition metal ion, d- density, �  - average 
molecular weight. The polaron radius (��) and inter-ionic separation (��) is calculated through the 

following relation [6,19] 

                                                                              

�� =
�

�
�

�

���
�

�

�
                (7) 

    

and     

 �� = �
�

��
�

�

�
                        (8)                              

                                                                              
The field strength is calculated using the oxidation number (Z) from the following formula [6,19] 

 

  � = �
�

��
��                                                                                                                    (9)                            

              

 
 

Table 2: Physical properties of BABM glasses 
 

Physical  property parameters x=5 
mole% 

x=7.5 
mole% 

x=10 
mole% 

x=12.5 
mole% 

x=15 
mole% 

Glass code BABM0 BABM1 BABM2 BABM3 BABM4 

Average molecular weight M(g) 92.249 90.965 89.681 88.396 87.111 

Density 
ρ(g/cm3)(±0.001) 

Experimental 3.837 3.067 3.053 2.908 2.766 

Theoretical 2.990 2.925 2.863 2.801 2.741 
Molar volume (cm3/mole)( ±0.01) 24.037 29.656 29.861 30.390 31.492 

Refractive index  nd 2.391 2.476 2.507 2.566 2.635 
Molar Refractivity  Rm(cm-3) 14.692 18.713 19.048 19.769 20.928 

Dielectric constant   ɛ 5.716 6.130 6.285 6.584 6.943 

Reflection loss R% 0.1682 0.1803 0.1846 0.1928 0.2023 
Transition metal ion 1.25 1.02 1.01 0.99 0.95 
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concentration (Ni) 1022(ions/cc)  

( ±0.01) 
Polaron radious(rp) (A˚)(±0.005) 2.06 2.2 2.21 2.23 2.26 

Inter-ionic distance (ri) 
(A˚)(±0.005) 

5.11 5.46 5.48 5.51 5.59 

Molar  polarizability αm (A˚)3 5.83 7.42 7.55 7.84 8.30 
Field strength (F)  (1015cm-2) 4.71 4.13 4.09 4.02 3.92 

Average boron-boron distance(dB-

B) (nm) 
0.478 0.512 0.513 0.516 0.522 

Optical band gap (Eg)(eV)( ±0.01) 3.02 2.72 2.62 2.44 2.25 

Urbach energy(eV)( ±0.001) 0.167 0.368 0.260 0.385 0.507 
 
In general polaron radius (��) and field strength should show the opposite trend which is clearly 

observed in the present work. The value of 	��  increases from 2.06 to 2.26 A0. This increment is 

attributed to the open structure caused by Mn2+ addition; the value of field strength (F) decreases also 
supports the open structure, which resulted in an increase in molar volume [17] as seen earlier.  The 
polaron radius (��) and interionic distance (��) results are in tune with each other. The polaron radius 

in all the glasses (BABM series) is less than the corresponding interionic distance which in accordance 

with the usual prediction of the polaron theory that the polaron radius should be smaller than the site 
separation. [22]   

 
3.4. FTIR studies 

The FT-IR is an imperative tool for the examination of structure and dynamics of glass materials and 
providing information regarding functional groups. FT-IR spectra of SABM glasses in the span of 400 

- 2000cm-1 are shown in Fig 5. The FT-IR band obtained for present glasses are centered at ~452, ~690, 
~887, ~1032, ~1208, ~1375, ~1493, ~1594 cm-1. The glass composition, band position and their 

assignment are summarized in the Table 3. 

 
Figure 5: FT-IR spectra of BABM glasses 

 

 According to literature survey borate groups are mainly clarified into three regions: 
(i) The first region 400- 887cm-1 which is assigned to the bending modes of different borate groups 

and the vibration of transition metal groups.  
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(ii) Second region 890- 1100cm-1 is due to the stretching of B-O in BO4 due to the vibration of diborate 

to a penta borate group. 
(iii) The third region fall in 1200- 1600cm-1 which label as stretching vibrations of borate units in  BO3 

[23-30]. 
 

In the present work, the spectra exhibited a conventional band at 452cm-1 due to the vibration of metal 
cations (Ba2+) and Mn-O(MnO4) bond vibrations [23-26].The observed band around 690 cm-1 is 

allocated to the combined bending vibration of B-O-B in [BO3] triangles and bending vibration of Al-
O[AlO4]. Consequently, an increase in the number of BO3 units is expected causing an increase in the 

intensity of the bending band of these units and it is shifted towards longer wavenumber with 

increasing of Al2O3 mole percentage [26,27,28].The transmittance band ~ 887 cm-1 may be due to 
vibration of different borate groups [29,30]. By increasing Al2O3 content a considerable change in the 

position and intensity of ~690cm-1 peak was observed. The band is identified at 1032 cm-1 may due to 
the formation of B–O symmetric stretching vibrations of BO4 units [27-31]. An additional band ~1208 

cm-1 is  due to B–O bond stretching vibrations and B–O bridging between B3O6 and BO3 triangles [32, 
33].  The band at 1375 cm-1 observed due to B–O stretching vibrations of trigonal BO3 units[24-31]. 

Stretching vibrations of trigonal BO3 groups are observed at 1493 cm-1 wave number [29].The 
presence of three bands around 1602 cm-1 is assigned to bending of O-H bonds and water molecules 

[24, 29, 31]. 

 
Table 3: FT-IR band assignment for BABM glass system 
 

Glass code 

 

Band assignment References 

BABM0 BABM1 BABM2 BABM3 BABM4 
 

460 

 
 

452 

 
 

454 

 
 

455 

 
 

 

452 Vibration of metal cations  

(Ba2+) and Mn-O (MnO4) bond 
vibrations. 

[23-26] 

682 685 685 685 690 Bending vibration of B-O-B in 

[BO3] triangles and bending 
vibration of Al-O [AlO4] 

[26,27,28] 

888 908 871 881 887 Vibrations due to tetrahedral 

tri-, tetra- and penta borate 
groups 

[29,30] 

 

1029 

 
 

1214 
 

1028 

 
 

1200 

1020 

 
 

1214 

1020 

 
 

1208 

1032 

 
 

1208      
 

B–O symmetric stretching 

vibrations of BO4 units 
 

B–O bond stretching vibrations 
and B–O bridging between 

B3O6 and BO3 triangles 

[ 27-31] 

 
 

[32, 33] 

1369 

 
 

1444 

1373 

 
 

1522 

1373 

 
 

1507 

1373 

 
 

1527 

1375 

 
 

1493 
 

B–O stretching vibrations of 

trigonal BO3 units 
 

Stretching vibrations of 
trigonal BO3 groups 

[ 24-31] 

 
 

[29] 

1527 1602 1602 1602 1594 Bending of O-H 
 

[24,29,31] 

 
3.5. Raman studies 
Recorded Raman spectra of present BABM glasses are exhibited in Fig. 6. The de-convoluted Raman 

spectra of BABM4 glass is shown in Fig 7. The BABM de-convoluted spectra have clearly revealed the 
Raman bands at ~286, ~326, ~484, ~527, ~647, ~757, ~918, ~1136,~1475, ~1650cm-1.  
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Figure 6: Raman spectra of BABM glasses 

 

 
Figure 7:  Deconvoluted graph of BABM4 glass 

 

The BABM Raman band assignments are listed in Table 4. It is observed that the position, shape and 
intensities of the spectra changes with Al2O3 content. The band around 286 cm-1 is due to the metal 

cations observed in Raman spectra at lower Raman shift (<300cm-1) [34]. The observed band near 
326cm-1 is due to vibration of isolated tetrahedra. The band at ~484 cm-1 is assigned as existence of 
both B-O-B bend and Al-O-B bond. The band at ~527 cm-1 is observed as B-O-B stretching in BO4 unit 

and corresponds to Al site( bridging Al-O-Al units). IR band nearly at 686 cm-1 is assigned as the 
symmetric vibration of metaborate rings. In the present composition, the fingerprints of the Al2O3 are 

clearly shown at peak nearly ~757 cm-1. It is observed that the peak intensity is increasing with an 
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increment of Al2O3 content and shifting to higher Raman shift. An isolated six-membered ring of AlO4 

formed by corner-sharing of two oxygens per tetrahedron to give a structure with two non-bridged 
oxygens per AlO4 tetrahedron. The Raman peak at ~918 cm-1 is observed due to assigned to the 

symmetric stretching of the B–O–B bridges and to the stretching of the terminal B–O bonds of the 
pyroborate groups.  The centered band at ~1136 cm-1 is indicates the diborate units. The broad band at 

~1475cm-1 is assigned as B–O Stretching vibration in BO3 units in meta, pyroborate and orthoborate 
groups. The Raman band around 1650 cm-1 is due to B–O- vibrations of the BO3 units attached to the 

large segment of borate network. 
 

Table 4: Raman band assignments for BABM glass system 

 

Glass code 

 

Band Assignment References 

BABM0 BABM1 BABM2 BABM3 BABM4 
 

274 288 278 267 286 Metal cation bond vibration(Ba-O) 
 

[32] 

336 369 345 331 326 Vibration of BO4 isolated tetrahedra 

 

[33] 

484 493 478 482 484 B-O-B bend  and Al-O-B,  aluminate 

network 

[32, 33, 34] 

584 576 565 557 527 B-O-B stretching in  BO4 unit and 

corresponds to Al site( bridging Al-
O-Al units) 

[37, 38, 39, 

40] 
 

 
695 680 693 643 647 Symmetric breathing vibration of 

metaborate rings 

[35] 

784 792 794 796 757 Ring breathing vibration of six 
membered rings contains both BO3 

triangles and BO4 tetrahedral and 
stretching of AlO4 units. 

[41, 39, 40, 
43] 

897 892 896 912 918 assigned to the symmetric 
stretching of the B–O–B bridges and 

to the stretching of the terminal B–
O bonds of the 

pyroborate groups 

[42] 

1135 1139 1133 1135 1136 Diborate group 
 

[43] 

1467 1480 1467 1451 1475 B–O- vibrations of the BO3 units 
attached to the large segment of 

borate network 

[44,45] 

1612 1653 1663 1652 1650 Stretching vibrations of BO3 

triangles 

[46,44] 

 
4. Conclusions 

 
It is from encapsulation, the overall features of the XRD patterns revealed the amorphous natures of 

BABM glasses.  The experimental and theoretical values of density was calculated and observed that 
values are decreasing with increment of Al2O3 content and molar volume is increasing trend. This is 

due to higher Al-O bond length compare to nearby B-O bond length in BO3 or BO4.  Al2O3  enters in 
the glass matrix and absorb some of the oxygens from BaO, creats AlO4 with more number of  NBOs 
which in turn decrease the Tg is observed by DSC. The concentration of BO4 decreases in the glass 

network, whereas the concentration of BO3 increases, it is also observed from FTIR and Raman 
bands.  FTIR and Raman data were given the information about structural changes in the glass with 

an increment of Al2O3. 
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