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A B S T R A C T   

The study of transition metal cations containing glass is a very important topic due to the need for new colored 
glass used in several optical applications. One of these transition metal cations is cobalt (Co) which have more 
than valence state (Co3+ and Co2+). Here, alumino-borate glass doped with constant cobalt oxide (CoO) content 
and different contents of barium oxide (BaO) were prepared by the melt-quenching technique. Structurally, the 
samples density increases, and the molar volume decreases with further additions of BaO. Also, FTIR spectra 
confirmed the presence of AlO4, AlO6, BO3, and BO4 structural units. Optically, it is confirmed that the ab
sorption bands at about 574 nm and 1413 nm which are associated with 4A2(4F) →4T1(4P) and with 4A2(4F) 
→4T1(4F) optical transitions, respectively of Co2+ cations in tetrahedral coordination. These two optical transi
tions were used to study the ligand field parameters (10Dq and B). Also, these parameters were used to explain 
the environmental influences of BaO on the bonding nature between Co cations and their ligands. With 
increasing BaO content, the d-orbital shrinkage and high interaction between d-electrons of Co2+ ions result in a 
high tendency toward the ionicity of the bond nature between Co2+ ions and their ligands. Finally, we concluded 
the significant influence of BaO addition on the structure, electronic transitions and ligand field parameters of 
cobalt alumino-borate glasses.   

1. Introduction 

Among all glass families, borate glass is one of the most prevalent 
glass network formers. Due to its distinct properties and applications, it 
has drawn a lot of attention from researchers [1,2]. It is well-known that 
boron atom can exist in glasses in form tetrahedral coordination (BO4) 
and trigonal coordinated units (BO3). The content and transformation 
between these coordination control the properties of borate glass 

materials. In addition to borate glass has an excellent UV and visible 
transparency, required thermal stability, moderate chemical durability, 
and low melting point [3]. Therefore, owing to their appealing proper
ties, borate glasses are highly desirable candidates for several high-tech 
applications such as optical devices, thermal sensors, biomaterials, 
laboratories equipment’s, lasers, and optical fibers [4,5]. 

Bewitchingly, glasses including transition metal ions were found to 
have distinctive colors and, as a result, they acquire distinctive optical 
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features. The transition metal cations, for many decades, have become 
known to the researchers due to their effectiveness for exploiting in 
optical sectors. It is well-recognized that transition metal cations have 
incomplete 3d shells. The optical active 3d electrons are existing in the 
outer shell of cations and interact with the electric fields of the sur
rounding anions, thus, they are used as spectroscopic probes to inspect 
the impacts of structural modifications on the structure-properties re
lationships. A wide range of applications were reported for transition 
metal ions doped glasses such as optical fiber devices for communication 
instruments, solid-states laser, and concentrators of luminescent solar 
panels, solid battery, optical filters, memories, and electronic equipment 
[6,7]. Among different transition metal oxides, cobalt oxide is one of 
such familiar oxides that are used effectively in glass doping. Divalent 
Cobalt cations (Co2+) present in glasses in two coordination sites octa
hedral and/or tetrahedral [8]. In particular, Co2+ ions, with 3d7 

configuration, have unfilled orbitals that allows to electrons to transfer, 
giving distinctive optical transitions in the visible region. These transi
tions impart the glass material their different color. Depending on the 
chemical composition, the color palette varies from blue to pink, passing 
with violet color. Also, the transition from tetrahedral to octahedral 
symmetry and vice-versa contributes these color span [9–11]. Ligand 
field theory is one of such theoretical methods that have concerned to 
study the color variations and the chemical environments surrounding 
the transition metal cations in glasses to explore the 
structural-properties relationships. Numerous researchers have thor
oughly investigated the cobalt ions intercalated into glass material in 
terms of ligand field theory [5,12–15]. Our work is presented to focus on 
the impact of alkalinity modifications on ligand field and its relationship 
with other properties of cobalt ions in borate glass. 

The additions of aluminum oxide (Al2O3) to glass material was 
observed to enhance mechanical features, improve optical re
sponsibility, increase the density, induce a high refractive index, 
enhance chemical resistance, decrease the opacity, and support the glass 
stability of the composition [4,5,16,17]. Trivalent Aluminum ions have 
three coordination states in glass, four-fold coordination (with structural 
unit O4), five-fold coordination (with structural unit O5) and six-fold 
coordination (with structural unit O6) structural units [18]. When it 
associates with boron oxide, a new glass network originates, namely, 
alumino-borate glass network. The alumino-borate glass network has 
combined the features of both borate and aluminate networks. The 
alumino-borate glass material has charming physical properties such as 
the high resistance to moisture, good chemical resistance, best optical 
features, decreased thermal expansion required for working devices, 
acceptable mechanical durability, and low toxicity [4,5,19]. Due to 
these appealing properties of alumino-borate glass, the researchers have 
exploited it in high-technological applications such as microwave cav
ities, dental cements, crucibles, and battery separators [4,5,17]. 
Recently, the physical features of alumino-borate glass such as struc
tural, optical, luminescence, thermal, and electrical properties have 
studied by Morshidy et al. [4,5,19], Doweidar et al. [20], Mohan et al. 
[21], Dias et al. [22], Kaura et al. [23], Sadeq and Abdo [24]. 

In this regard, the alumino-borate glass network exhibits pivotal 
modifications of its physicochemical properties in terms of the alkali- 
alkaline content. The compositional evolution of [B2O3 - Al2O3 - CoO] 
glass system was made through the alkalinity modifications. Here, we 
study the alkalinity modifications by adding the barium oxide at the 
expense of potassium oxide with content variation (0–20 mol %). The 
influence of BaO on structural features including density, molar volume, 
interatomic distances, Co ions concentration, and infrared absorption 
spectra of glass network was described. As well as the influence of BaO 
on optical properties were presented including the electronic transitions 
of Co ions in tetrahedral sites at ⁓ 574 nm and ⁓ 1413 nm. Further
more, the ligand field parameters such as ligand field splitting (10 Dq), 
Racah parameters (B and C), nephelauxetic ratio, covalency reduction 
factor, and Slater-Condon parameters (F2 and F4). 

2. Experimental methodology 

Cobalt-alumino-borate glass system with the following formula were 
successfully prepared employing the conventional melt quenching 
technique; [x BaO – (20-x) K2O – 63.5 B2O3 – 15 Al2O3 – 1.5 CoO]. 
Barium oxide was loaded at the expense of potassium oxide with content 
from 0 mol % reaching 20 mol%. High purity raw materials including 
H3BO3 (Nasr Pharmaceutical, ≥ 98.5, Egypt), K2CO3 (Loba, ≥ 99, 
India), CoO (BDH chemicals Poole, ≥ 99.8, England), BaCO3 (Loba, ≥
99, India) and Al2O3 (Alfa Aesar, ≥ 99.8, USA), were utilized as starting 
ingredients. These substances are weighed in accordance with their mol 
% using an electronic balance with a 0.001 g accuracy, where each 
sample has batch weight of 25 g. Then, they ground in an agate mortar 
until a uniform mixture is achieved. Thereafter, the powder put into 
crucibles, which made from porcelain, in an electrical furnace to 
carbonize at 600 ◦C for 30 min then increasing the temperature at 
1180 ◦C for 45 min. The melting process occurred at [1100◦C–1180 ◦C], 
depending on chemical composition. The resulting molten was carefully 
stirred to ensure some homogeneity of glass specimens. Finally, the 
resulting molten was poured and quenched at room temperature be
tween two smoothed copper plates. The obtained specimens at the end 
of preparation were bubble-free, as shown in Fig. 1. 

To measure the density values of specimens, Archimedes’ principle 
was exploited to do this task. Toluene, with a density of 0.866 g.cm− 3, 
was used as an immersion liquid. Moreover, the density measurements 
were carried out using the above-mentioned digital balance. The density 
measurement was repeated five times and obtaining the averaged and 
the experimenta error. The infrared data were collected using FT-IR 
Spectrometers type of (Nicolet iS50 - Thermo Fisher Scientific). The 
FTIR data were collected at room temperature (RT) in the absorbance 
mode in wavenumbers ranges of (400–4000 cm− 1). To measure the 
optical absorption measurements, the samples were polished finely to 
obtain glass samples with a thickness of about 0.7 mm. Optical absor
bance spectra were measured using UV–VIS–NIR spectrophotometer in 
the wavelength range (200–2500 nm). The optical system of JASCO-V- 
670 spectrophotometer is a double beam single monochromator. The 
photometric mode is an absorbance with a medium response. The res
olution is 1 nm. The spectral bandwidth of UV–Vis region is 2 nm and for 
NIR region is 40 nm. The wavelength repeatability of UV–Vis region is 

±0.05 nm and for NIR region is ±0.2 nm. The data interval is 2 nm, with 
a scan speed of 1000 nm/min, a change source at 340 nm, a change 
grating at 850 nm, and a light source of D2/WI. 

3. Results and discussion 

3.1. Density and molar volume 

Density is a characteristic physical property that is sensitive to the 
internal structural variations of glass material. In this regard, we used 
density technique to observe the impacts of compositions change on the 
structural variations. Here, Archimedean method was utilized to mea
sure the density of all glass specimens. Fig. 2 (a) depicts the increase in 
the measured density with increasing barium contents. It is noticed that 
the experimental density was augmented from 2.120 g cm− 3 reaching 
2.802 g cm− 3 (i.e., increased to 32 %), with an experimental error about 

Fig. 1. Photograph of prepared glass samples.  
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±0.001 g cm− 3, with further addition of barium content. This increase is 

due to the differences in the molecular weight (K2 = 94.20 g mol− 1 and 
BaO = 153.3 g mol− 1). In addition to the change in density of oxides, 
where the density of (BaO = 5.72 g cm− 3) while the density of (K2O =
2.35 g cm− 3). Furthermore, the theoretical density was calculated of the 
studied composition. The theoretical density is presented in Fig. 2 (a). It 
behaved the same trend of increasing of the experimental density from 
2.721 g cm− 3 reaching 3.395 g cm− 3 (i.e., increased to 25 %), with 
further addition of barium content. It is worth noting that no informa
tion was extracted about the glass structure from theoretical density. 
However, the theoretical density was calculated just to compare its 
values to the experimental ones. It is observed that the theoretical 
density has values higher than that of the experimental density, as 
shown in Fig. 2 (a). Such difference between them originates from the 
amorphous nature of our glasses [25]. This also confirms the right 
preparation of our samples in non-crystalline entity. Same increased 
density was observed when barium oxide loaded in different borate glass 
hosts [26,27]. However, the increasing rate for this glass host reaches 25 
%, this obtained ratio is larger than that obtained in the previous works. 

Additionally, the molar volume (Vm) is computed from the following 
relation [4,5]: 

Vm =
molecular weight
measured density

(1) 

The calculated molar volume values were noticed to mitigate from 
37.492 cm3mol− 1 reaching 32.580 cm3mol− 1 (i.e., down to ⁓ 15 %), 
with an experimental error about ±0.001 cm3mol− 1, with the increase 
in barium oxide, as depicted in Fig. 2 (b). The decrement in Vm is 
ascribed to the difference in Vm of the oxides (K2O = 40.08 cm3mol− 1 

and BaO = 26.66 cm3mol− 1). Additional confirmative factors were 
calculated to support the molar volume behavior. One of these factors is 
the average boron-boron separation (dB− B). The dB− B was calculated 
from the following relation [4,5]: 

dB− B =

[
Vm

2NA(1 − XB)

]1/3

(2)  

where NA is Avogadro’s number. XB is the boron oxide concentration. 
The obtained values of average boron-boron separation were detected to 
mitigate from 0.339 nm deteriorating to 0.300 nm (i.e., down to ⁓ 1 Å). 
This mitigation is a subtle indicator for the network constriction [7]. 

Other additional parameter of physical properties of the studied glass 
is the Ba2+ ion concentration (NBa) of the doping samples. The Ba2+ ion 
concentration (NBa) is determined from the next relation [4,5]: 

NBa =
NA × conc. of BaO

Vm
(3) 

The attained values of Ba2+ ion concentrations were found to nor
mally enhances from 8.40 × 1020 ionscm− 3 up to 37.00 × 1020 ionscm− 3 

with adding the barium oxide contents. This increased behavior is 
acceptable trend due to increasing barium oxide contents. Also, the 
calculation of inter-atomic distance (Ri) of doping samples contributes 
to evaluate the impact of alkalinity modification. The inter-atomic dis
tance (Ri) is estimated from the next relation [4,5]: 

Ri =

[
1

NBa

]1/3

(4)  

where NBa is the barium ions concentrations. The resulting values of 
inter-atomic distance were found to mitigate from 1.059 nm up to 0.647 
nm (i.e., decreased to ⁓ 4.12 Å) with increasing of the barium oxide 
contents. This decrease is back to that: the insertion of Ba2+ cations 
mitigates the interatomic distances with surroundings based on that the 
ionic radius of barium cation (268 Pm) is lower than that of potassium 
ion (280 Pm) [28]. Hence, the increased density confirmed the densi
fication of network, while the mitigation in network volume was 
confirmed by the calculation of Vm, average boron-boron separations 
and interatomic distances [29,30]. It is observed that the alkalinity 
changes from alkali (potassium) to alkaline (barium) has a clear impact 
on the network modification, briefly, the additions of barium oxides lead 
to more densification of network and more contraction of its volume. All 
structural parameters were recorded in Table 1. 

3.2. Vibrational spectroscopy 

FT-IR spectroscopy is the main tool for investigating the structural 
changes in amorphous solids and identifying of ligand field inside the 

Fig. 2. (A) Comparison between the experimental and theoretical densities variations versus BaO contents and (B) Variations of molar volume versus BaO contents 
for KAlCoBBa0-glass samples. 
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glass network. Moreover, it provides a clarification of the interplay be
tween alkali/alkaline cations and borate glassy networks. The measured 
infrared spectra of [BaO-K2-B2O3-CoO-Al2O3] glass systems are pre
sented in Fig. 3 (a). It is observed that the infra-red spectra are broad, 
therefore a Gaussian deconvolution processes are necessary to decom
pose the overlapping between infrared bands. A representative figure for 
the deconvoluted infrared peaks is presented in Fig. 2 (b). The attained 
peaks from deconvolution processes are assigned and tabulated in 
Table 2. 

weak absorption bands at ~454 cm− 1 (highlighted with yellow 
color) was observed in the beginning of infrared spectra, which may be 
due to the alkali content [31]. The absorbance of this band was observed 
to exponentially decrease from 0.015 reaching 0.004 with the additions 
of BaO contents, as exhibited in Fig. 4. Therefore, it is decisively ex
pected that this band may be related to specific K–O bonds vibrations. 
Unusually, the alkali-oxygen bonds appear as extended above 400 cm− 1 

tails, however, the vibrational band of these bonds has a clear infrared 
band, in addition its variation is touchable and well-explained. The 

Table 1 
Experimental and theoretical density (ρ), molar volume (Vm), the average boron- 
boron separation (dB-B), interatomic distance (Ri), and Ba2+ ions concentration 
(NBa) of all glass samples.  

Sample 
(mol. %) 

ρExp (g/ 
cm3) 

±0.001 

ρTheort.
(g/ 
cm3) 

Vm 

(cm3/ 
mol) 

±0.001 

dB− B 

(nm) 

±0.001 

Ri (nm) 

±0.001 

NBa2+ ( ×
1020/ 
cm3) 

±0.001 
× 1020 

KAlCoBBa- 
0 

2.120 2.721 37.492 0.339 0.000 0.00 

KAlCoBBa- 
5 

2.302 2.890 35.801 0.327 1.059 8.40 

KAlCoBBa- 
10 

2.454 3.058 34.797 0.318 0.833 17.30 

KAlCoBBa- 
15 

2.643 3.227 32.998 0.307 0.715 27.40 

KAlCoBBa- 
20 

2.802 3.395 32.580 0.300 0.647 37.00  

Fig. 3. (A)The measured infrared spectra for the studied glass system and (b) A representative figure for the deconvolution process for the KAlBCoBa0-glass sample.  
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absorption bands at ~587 cm− 1 are assigned to B–O–B bending vibra
tions and borate rings angle deformations [7], and it may be due to 
specific vibrations of Co3+-O group indicating a possible presence of 
cobalt cations in trivalent states, which occupy octahedral sites [9,12]. 
The located band at ~660 cm− 1 is associated with the symmetric bonds 
of bending vibrations of B–O–B of bridging oxygens in BO3 units 
[32–34]. 

The additions of aluminum oxide in the glassy network leads to 
modify the network to new structure. These aluminum ions are associ
ating with the boron and oxygen in the networks to form new bonds, 
producing new bands in the infrared spectra. One of important tasks of 
deconvolution process is to decompose these overlapping bands. The 
resulting bands in the infrared window were observed at ~727, 883 and 
1095 cm− 1. The first band was observed to pin at ~727 cm− 1 and is 
ascribed to stretching vibrations of Al–O bonds in AlO6 network units 
[4]. The centered band at ~893 cm− 1 is related to the vibrations of Al–O 
bonds in AlO4 structural units [35]. The enveloped band at ~1100 cm− 1 

is created by the vibrations of Al–O bonds in AlO4 structural units, which 
work as glass formers [35,36]. We detected that the intensity of Al–O 
bands is mostly unchanged with increasing barium oxide content as 
exhibited in Fig. 4. This means that the additions of barium oxide have 
inane effect to modify the structural units of aluminum oxide in the 
network. 

Back again to borate network, the spectral absorption region from 
~820 cm− 1 to 1150 cm− 1 is probably due to the B–O stretching vibra
tions of BO4 structural units [7,37,38]. While the strong infrared ab
sorption bands that appeared from ~1150 to 1700 cm− 1 are created by 
the stretching vibration belongs to O3 structural units. Specifically, B–O 
symmetric stretching vibrations belongs to nonbridging oxygen of 
trigonal units, (NBOs)BO3 

was pinned at ~1200 cm− 1 [39–41]. The ex
istence of a band around ~1730 cm− 1, which overlaps with triangles 
BO3 band, is due to the –OH bending vibrations [42]. As well as the band 
at ~2900–3800 cm− 1 belongs to the water molecules, hydrogen bonding 
and B–OH in the glasses [43]. Finally, the band at ~3570 cm− 1 is 
attributed to free OH stretching vibrations [44]. Moreover, the absor
bance of OH band were detected to decrease with increasing BaO con
tents up to 10 mol % then starts to increase again, as shown in Fig. 3. 
This behavior suggests that the sample containing an equal content of 
mixed alkali (i.e., 10 mol% of BaO: 10 mol% of K2O glass sample) ab
sorbs less moisture. From the Gaussian deconvolution process of the 
infrared absorption bands, it is observed that the addition of barium 
content has soft impact on the structural units of network. For example, 
the intensity of alkali bands was observed to diminish from 1.6 % to 0.4 
%, confirming that the observed infrared band, which pinned at ~454 
cm− 1, related to the potassium oxide. The ratio of spectral area of 
aluminum bonds were found to not change and still constant at 15.04 %, 
while the N4 and NBO that related to borate network were found to 
change slightly about the values at 12.31 % and 19.46 %, respectively. 
However, the content of barium was added by wide concentrations, the 
changes in the glass network were barely observed. Overall, the alka
linity modifications (i.e., change the alkaline oxide instead of alkali 
oxide) in such glass systems have soft impact on their network structural 
variations. 

3.3. Optical properties 

3.3.1. Ligand field parameters 
For many decades, ligand field theorem was employed to study the 

structural modifications in the material based on the involved transition 
metal ion (here, cobalt) in the glass host. Studying the changes of the 
ligand field parameters leads to best understanding of the structural- 
optical relationships from their optical absorbance as shown in Fig. 5. 
These parameters depend on the structure of host glasses (specifically, 
on the surround ligand field of Co2+ ions), therefore small changes 
related to the composition such as the alkalinity modifications leads to a 

Table 2 
FTIR peak positions together with brief assignments of all glass samples.  

Refs. Wavenumber (cm− 1) Assignments 

0 5 10 15 20  

[30] 453 454.5 454.5 454.5 454.5 Alkali ions vibrations 
(K+) 

[7,9,12] 590 590 588 592 575 B–O–B bending 
vibrations as well as 
borate ring angle’s 
deformations/and 
Co3+ − O bonds 

[31] 662 668 670 670 655 B–O symmetric 
stretching vibrations of 
BO3 units 

[4] 728 733 731 725 720 Stretching vibrations of 
Al–O bonds in AlO6 

network units 
[32] 893 875 880 880 888 Al–O bonds in AlO4 

structural units 
[7,34, 

35] 

946 940 940 950 947 B–O stretching 
vibrations of non- 
bridging oxygen’s of 
tetrahedral units, 
(NBOs)BO4 

[7,34, 

35] 

1014 1014 1012 1013 1011 B–O stretching 
vibrations and rocking 
motion of tetrahedral 
BO4 units. [7,34, 

35] 

1056 1055 1062 1057 1059 

[32,33] 1100 1095 1090 1090 1090 Al–O bonds in AlO4 

structural units 
[34–36] 1203 1197 1202 1199 1197 B–O symmetric 

stretching vibrations of 
non-bridging oxygens of 
trigonal units, 
(NBOs)BO3

. 
[34–36] 1350 1346 1347 1338 1342 B–O asymmetric 

stretching vibrations of 
BO3 units 

[34–36] 1450 1459 1460 1469 1462 

[37] 1630 1635 1618 1636 1632 OH- in B–O 
1730 1735 1735 1735 1735 

[37–39] 2860 2860 2860 2860 2860 OH 
2933 2933 2933 2933 2933 
3270 3270 3280 3295 3300 
3435 3435 3430 3439 3435 
3576 3550 3550 3557 3555 
3780 3780 3780 3770 3780  

Fig. 4. The intensity of deconvoluted infrared bands for all aluminum and al
kali bands of the prepared system. 
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clear impact on the structural-optical features. These parameters are 
such as ligand field splitting (10Dq), Racah parameters (B and C), and 
nephelauxetic coefficient, and they shall be discussed in detail in the 
following paragraphs. 

The Co2+ ions in glasses give a palette of colors from blue to pink. It is 
well-known the blue color is brought from Co2+ ions in tetrahedral 
positions, while the pink color is brought from Co2+ ions in octahedral 
positions. The site symmetry of Co2+ ions is controlled by tuning the 
ligand field around cobalt ions, for example, the alkalinity modifications 
is one of these controllers. For Co2+ ions in tetrahedral sites, two 
important optical transitions are exploited in ligand field calculations, 
the first transition is located at ⁓ 574 nm and is denoted as (ν3), while 
the second one is located at ⁓ 1413 nm and is termed as (ν2). These two 
bands are explicitly shown in Fig. 6. The 10Dq (i.e., splitting) is a 
measure of the splitting energy of (d7) orbitals of Co2+ ions in tetrahe
dral symmetry. While the Racah Parameter (B and C) are a measure of 
the repulsive force due to the interplay between the electrons of d- 

orbitals in Co2+ ions in tetrahedral symmetry. Their ligand field equa
tions are given by Refs. [11–15]: 

10 Dq=
1
3
(ν2 + ν3) − 5B (15)  

B=
1

510

[
7(ν2 + ν3)±

{
49(ν2 + ν3)

2
+ 680(ν2 − ν3)

2}1
2
]

(16)  

C= 4.63 B (17)  

where ν2 and ν3 are previously well-defined. The values of 10 Dq (B and 
C) were found to mitigate (augment) with further addition of barium 
content. Fig. 7 shows the 10 Dq against B, while C was recorded in 
Table 3. Such decrement (increment) in 10 Dq (B and C) is related to the 
alkalinity modifications. It is observed that the addition of alkaline 
content governed the interaction strength between Co ions and their 
anions. This is in its turns mitigated the interaction strength between d- 
orbitals of Co2+ ions and the ions of surrounding field [37]. The insertion 
of Ba2+ ions may decrease the network defects, which contain loosely 
bound electrons, consequently decreasing the electrons’ ability to 
transfer across the band gap. This result is in a best agreement with the 
increase in Eopt and the decrease in EU, as discussed before. 

To push further, studying the increase in Racah parameters (B and 
C), with the insertion of Ba2+ ions content, is related to a strong field 
resulting from the repulsive interaction between the electrons in d-or
bitals of Co2+ ions. Here, the effect of alkaline is clear. Due to the high 
field strength and lower ionic radius of barium ions, the interaction 
between Co ions and their surrounding anions was quenched, leading to 
minimize the splitting of d-orbitals in Co2+ ions. Additionally, this 
causes the d-orbitals to shrink, reducing the distances between d-elec
trons. As a result, according to Coulomb’s law, the repulsive force be
tween d-electrons increases. Furthermore, this d-orbitals shrinkage with 
high interaction between d-electrons of Co2+ ions result in a high ten
dency toward the ionicity of bond nature between Co2+ ions and their 
ligands. Same calculations of ligand field parameters 10 Dq and (B and 
C) of cobalt ions in alkali borate glass were obtained in literature [9,12, 
13,45]. However, the good ionic bonding nature were obtained for these 
glasses, this distinctive feature is required in designing of optoelectronic 
devices. 

Furthermore, there are some valuable and ligand field related pa
rameters, for example, the nephelauxetic ratios (β) is the ratios between 
B for Co cations inside glasses and its value for Co free cation [13] β =

B/Bo, where Bo of cobalt free ion is 971 cm− 1. The obtained values of 
nephelauxetic ratio were reported in Table 3. The increase in these 

Fig. 5. The optical absorption coefficient of KAlCoBBa-glass samples 
measured at room temperature. 

Fig. 6. Gaussian deconvoluted process of optical absorption coefficient spec
trum of for KAlCoBBa15-glass sample as an example. 

Fig. 7. Variation’s ligand field splitting (10Dq) and Racah parameter (B) versus 
BaO content for KAlCoBBa15-glass samples. 
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values implies that there is an increasing in ionicity of bond nature be
tween Co2+ ions and their surrounding field [46]. For more provision 
confirmation concerning the formed bond nature, nephelauxetic 
parameter (β1) should be calculated from the following relation [38]: 

β1 =

̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅
(

B
Bₒ

)2

+

(
C
Cₒ

)2
√

(18) 

Brik and Srivastava [47] were proposed this new nephelauxetic 
parameter (β1) to treat the defect in the old nephelauxetic ratio (β = B/
Bo). The nephelauxetic ratio (β = B/Bo) describes the electronic cloud in 
d-orbitals only based on Racah B parameter. However, the proposed 
relation by Brik and Srivastava included both Racah (B and C) param
eters. The obtaining values of the β1 parameter are reported in Table 3. It 
is monitored that there is an enhancement in β1 values, confirming the 
ionic bond nature. Ba2+ ions have ionic radius greater than that for K+

ions, therefore the increase in interionic separations leads to an 
enhancement in β1 values, improving the ionicity nature between Co2+

ions and their ligands. 
Furthermore, information about the bond nature is the covalency 

reduction factor, N2, that traces the covalency of bonding nature in 
materials. The covalency reduction factor can be extracted from the 
following relationship [7]: 

N2 =
1
2

( ̅̅̅̅̅
B
Bₒ

√

+

̅̅̅̅̅
C
Cₒ

√ )

(19)  

when the covalency reduction factor increases, the covalency in bonding 
nature shrinks and vice-versa. The attained values of N2 are recorded in 
Table 3. The increase in covalency reduction factor relates to the 
covalency reduction effects with the progressive addition of barium 
oxide (i.e., electron-electron repulsion increases). 

Finally, the Slater-Condon [37] were proposed a linear representa
tion that combines the ligand field parameters to describe the energy of 
d-orbitals. 

F2 =B +
C
7

(20)  

F4 =
C
35

(21) 

The attained values of F2 and F4 are registered in Table 3. Slater- 
Condon parameters were found to increase, exhibiting an opposite 
propensity to 10Dq. This increase in Slater -Condon parameters is related 
to ionicity enhancement, which has created from the alkalinity 
modifications. 

4. Conclusion 

In this work, the effect of BaO on structure and optical properties of 
cobalt alumino-borate was studied. Detailed structural and optical 
properties were evaluated in terms of increasing the barium oxide 
content. The density increased from 2.120 g cm− 3 up to 2.802 g cm− 3. 
The related parameters such as molar volume, average boron-boron 
separations, and inter-atomic distances revealed densification with 

more contraction of the alumino-borate network. Deconvolution of FT- 
IR spectra confirmed the presence of AlO4, AlO6, BO3, and BO4 struc
tural units, with soft conversion between these structural units. Inter
estingly, the 10 K2O:10 BaO glass sample exhibits less absorbance of 
moisture since the intensity of OH- band decreased. The further addi
tions of BaO caused an increase in Racah parameters and a decrease in 
ligand field strength. moreover, the nephelauxetic effect exhibits an 
increase in the ionicity of the bond nature with more BaO additions. 
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