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Abstract
The Cr3+ ions of silicate host glass is noteworthy for optical use, and which are useful as
spectroscopic diode lasers in various electronic industrial applications. However, the available
optical resource, which include different elastic and solid state electronic materials, need some
refinement in their elastic structure, and spectroscopic properties towards development of
advanced solid state LED’s. In this view, the elastically flexible and optically efficient resource
of chemical composition 60SiO2+30Al2O3+(10-x)CaO:xCr2O3 has planned for synthesis
followed by elastic, optical absorption and photoluminescence characterization. The materials
developed are showing glassy behavior, and which was confirmed by the X-Ray diffraction.
Physical properties of glasses are studied. Mechanical properties of glasses studied by means of
measuring ultrasonic velocities. Which suggest materials of present kind are mechanically
flexible. Optical absorption spectra of glasses is recorded, and which helps to calculate the Racah
parameters of glasses. Refractive index, optical band edge, identified, and band gap also
calculated. The Peak half width maximum, emissive cross-section, and transition probability of
glasses evaluated with the help of photoluminescence characterization. This suggests glasses
embedded with Cr3+ ions are photonic and with suitable excitation.All the results from the
various characterization of glasses which include physical, mechanical, optical absorption, and
photoluminescence results suggest a glass with 0.8 mol% Cr2O3 concentration is a helpful in
mechanical, optical absorption, and photoluminescence results resource.
Keywords
SiO2-Al2O3-CaOglasses;Physical Properties;Mechanical Properties;Optical
absorption;Photoluminescence;
1. Introduction
Naturally, SiO2glasses are highly translucent, mechanically hard, and thermally stable. Their
richproperties, such as density, refractive index, micro hardness, and optical transmittance will
make them needfulspectroscopicand W-LED host applications [1]. Since many years to present,
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there have been wide-rangingresearch on a glasses with SiO2 chemical constitutes due to their
rich physical, mechanical and spectroscopic results [2]. The aluminium oxide is not a
conventional glass former, but add-on Al2O3 to the glasses with SiO2improves their elastic
nature, thermal stability, non-corrosion properties [3]. And also increase of Al2O3 in the SiO2
glass host lead to more microhardness and thermal stability. SiO2 embedded with Al2O3 glasses
have a high order of optically stimulated luminescence, which will useful invarious
photoluminescence applications [4]. The addition of CaO to the pure silicate host enhances the
refractive index, reduces the glass discussion, and improves glass resource optically inert.
Calcium silicate glass materials embedded with transition metal oxides are the most favourable
candidates in the current semiconducting sectors and finds plentiful usage in the area of physical,
mechanical, and spectroscopic applications [5]. Al2O3also influence Si4+ions in the lattice to
change the strength, chemical endurance, mechanical and spectroscopic properties to a
considerable extent of the overall glass network [6]. The CaO in silicate glass host stimulates
Cr3+ ions for better optical output. The metal oxide Cr2O3 is a good nucleation agent, which
involves divalent oxidation states in silica glass matrix to enhance physical, mechanical and
spectroscopic properties [7]. Usually, Cr3+ ions have a substantial effect on the glass lattice,
further which lead to advances in physical, mechanical, optical absorption, and
photoluminescenceproperties of glass materials [8]. The glass with silicon dioxide chemical
constitutes enclosing mixed valence states of Cr3+ ions are of recent interest as a
thermoluminescent and cathode resource in rechargeable batteries as of their abnormal energy
density, capacitance[9]. Subsequently, in the existing work, Cr2O3 doped aluminium silicate
materials were synthesized and report for their suitability regarding elastic and spectroscopic
behaviour [10]. Potential functions such as physical, mechanical, optical absorption and
photoluminescence, etc., are achievable by improving tremendously advantageous solid-state
luminescent glass resource that have captivated extensive attention. Because of this, the current
research aimed to prepare solid-state glass materials of chemical composition
60SiO2+30Al2O3+(10-x)CaO:xCr2O3and to study the Cr3+ ionic influence on elastic, and
spectroscopicbehaviour of calcium alumina silicateglasses.
2. Experimental Methods
The oxides in mol% of 60SiO2+30Al2O3+(10-x)CaO:xCr2O3are selected for glass preparation,
and in which ‘x’ changes from 0 to 1 mol% with a step size of 0.2 mol%.Detailed chemical
composition of the present series of glass tests are given as follows
Cr0.0 60SiO2 + 30Al2O3 + 10.0 CaO : 0.0 Cr2O3
Cr0.2 60SiO2 + 30Al2O3 + 09.8 CaO : 0.2 Cr2O3
Cr0.4 60SiO2 + 30Al2O3 + 09.6 CaO : 0.4 Cr2O3
Cr0.6 60SiO2 + 30Al2O3 + 09.4 CaO : 0.6 Cr2O3
Cr0.8 60SiO2 + 30Al2O3 + 09.2 CaO : 0.8 Cr2O3
Cr1.0 60SiO2 + 30Al2O3 + 09.0 CaO : 1.0 Cr2O3
The AR grade 99% pure Ca, Al, Si, O and Cr oxide powder chemicals in appropriate ratios are
grinded in an agate mortar for synthesis by the melt quenching technique. Finely mixed powders
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of chemicals are taken in a crucible of volume 25ml, for melting with the help of programmed
furnace. And melting temperature identified around at 1475–1490 oC. The bubble-free final
transparent melt was discharged on brass cast for glass formation. Thereafter, the muffle furnace
was used for annealing. This was done at 475 oC for 12 hours. The samples developed are
dimensionally arranged and well refined for various characterisations such as structure,
thermoluminescence, and electrical studies. Dimensionally arranged glass samples were used for
various characterizations. Scale tech weighing balance is used to record mass of the samples.
Mass of the glasses recorded with the help of Scale Tech digital weighing balance with a
precision of 10-4 gm/cm3. Archimedes’ principle was used to calculate the density values
employing known weights of the glasses. Shimadzu XRD-7000 is used record X-ray diffraction
patterns of the samples. Hitachi S 3700N is used to record the chemical analysis of the samples.
Ultrasonic velocities, which will be helpful to evaluate all elastic measurements of glasses, are
recorded with the help of a WT 311 D flaw detector with a precision of  10 m/s. Optical
absorption spectra of glasses recorded with the help of V 670 Model, UV VIS NIR Spectrometer
with a precision of 0.1 nm. Photoluminescence spectra of glasses recorded with the help of
JASCO FP 6300 Spectrometer. MS Office 2007, Origin 8.5, MAT Lab 2.3, and Chem Draw
Ultra 12.0 software used to analyse the results.
3. Results, and Discussion
3.1 Physical Properties
The physical properties of 60SiO2+30Al2O3+(10-x)CaO+(x)Cr2O3 glasses are reported. The
reported glass 0.8 mol% Cr2O3 concentration being best among all the values of various physical
quantities of all series of glasses. All the results concerning the physical properties of the glasses
provide facts regarding the covalent structure of glasses. Archimedes’ equity was employed to
estimate mass of the samples, and the following equations [11] are used to evaluate the physical
properties of glasses.
Density of a glass (D) = {(Sa)/(Sa – Sb)}x Doxy
Where, Sa - weight of a glass measured in air;
Sb - weight of glass measured in liquid ortho xylene;
Doxy - density of ortho xylene.
The following equations [12,13] are used to evaluate all the physical properties of glasses.
Molar volume (Vm) = M/D;
Ion concentration (Ni) = NA C()/Mw
Ionic radius (Ri) = 1/(Ni)1/3
Polaron Radius (Rp) = 1/2 {/(6 Ni)}1/3
Field Strength (Fi) = (Z/ R2p)
k k
Electronegativity (th)= ∑ A B
k

Optical basicity (th) = (75)/(th-1.35)
Oxygen packing density (OPD) = [(1000 * C * D)/(Vm)];
Where, Mw - weight of a glass measured in air;
Z - atomic number;
Ak - concentration of oxide compounds;
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Bk - Pauling electronegativity of oxide compounds;
The observed average molecular weight increases and the density (ρ) decreases for the
prepared glasses with increasing concentration of Cr2O3. The calculated ionic concentration
(Ni), field strength (Fi) and molar volume (Vm) increase with increasing concentration of Cr2O3,
whereas the corresponding ionic radius (ri) and the polaron radius (rp) decreases. The electronegativity (χth) of the prepared glasses calculated by using Pauling scale were found to decrease,
whereas the observed theoretical optical basicity (ᴧth) increases. The calculated refractive index
(μ), Polarizability (α) and molar refraction (Rm) decreases. The decrease in density of glasses is
an indication of decreasing structural compactness or rigidity with the increase in the
concentration of Cr2O3 due to the depolymerisation of glass samples.
Table 1. Physical properties of 60SiO2+30Al2O3+(10-x)CaO+(x)Cr2O3 glasses.
Glass
Density (gm/cm3)
Ionic concentration (x1020)
Ionic radius (Å)
Polaron radius (Å)
Molar volume (x 1014cm3 mol-1)
Field strength (x 1014 cm-2)
Oxygen Packing Density
Electronegativity
Optical Basicity
Refractive index

Cr0
2.789
…..
……
…..
…..
22.76
84.836
9.900
8.7719
1.635

Cr2
2.887
5.711
12.053
4.8564
4.24
22.06
85.488
9.899
8.7729
1.675

Cr4
2.934
11.574
9.5244
3.8377
6.79
21.77
86.139
9.898
8.7739
1.681

Cr6
2.995
17.669
8.2717
3.3329
9.0023
21.39
86.598
9.897
8.7750
1.692

Cr8
3.11
24.391
7.4289
2.9933
11.161
20.66
87.439
9.896
8.7760
1.733

Cr10
3.045
29.762
6.952
2.8012
12.744
21.16
88.088
9.891
8.7755
1.715

Table 1 reports the summary on physical properties of the glasses. The observed changes in
density and molar volume of glasses were explained by understanding the structural changes that
happened in the environment of different structural units of polyhedral of silicate, and aluminium
cations due to calcium and chromium ions. The decrease in density of glasses is an indication of
decreasing structural compactness or rigidity with the increase in the concentration of Cr2O3 due
to the depolymerisation of glass samples. The magnitude of optical basicity indicates the ionic or
covalent nature of glass, because of accumulated basicity suggests diminishing covalence.
Accumulation of Cr2O3 interchanges the CaO, which affects in diminishing of magnitude of
NBO’s, the existing cage average charge around Cr3+ rises, relative molar volume increases, the
Cr–O detachment increases up to 0.8 mol% afterwards decreases. The intensification of the
manganese ions generally exists in Cr3+ states, occupy network forming positions with CrO4
structural entities rise the rigidity of the glasses.Fig.1 reports the X-ray diffraction recording of
one of the glasses with 0.8 mol% Cr2O3 concentration. The analysis suggests glassy behaviour of
the sample. In same view, the results of the other glasses also observed.
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Fig. 1 X-Ray
Ray diffraction pattern of sample of glass with 0.8 mol% Cr2O3 concentration. Inset of
the figure represent 60SiO2+30Al2O3+(10-x)CaO+(x)Cr2O3 series of glasses. Where ‘x’
varies 0 to 1 mol% with a step size of 0.2 mol%
mol%. The diffraction angles are taken up to
o
an accuracy of ± 0.1 . lines drawn back ground of image only for better view of eye
guiding.
3.2 Mechanical Properties
The succeeding equivalences are utilised to calculate several elastic constraints of the glass
samples.Elastic
Elastic behaviour, of the 60SiO2+30Al2O3+(10-x)CaO+(x)Cr2O3 glassesare
glasses
carried. The
poison ratio, elastic (young, bulk, and shear) modulus, and micro
micro-hardness
hardness of glasses are
estimated. Up to 0.8 mol% Cr2O3concentration the density, micro-hardness
hardness and elastic (young,
bulk, and shear) modulus of the glasses are improved, after that they are in reverse trend. Fig.2
and 3 reports the variations in elastic parameters with increasing concentration of Cr2O3. All
these elastic properties of glasses evaluated by using following equations [14,15].
[14,15]
2
Longitudinal elastic coefficient (L) = D(Zx) ,
Shear modulus (B) = D(Zy)2,
Bulk modulus (C) = L–(4/3B),
(4/3B),
Young’s modulus (A) = 2(1 + P)B,
Poisson’s ratio (P) = ½[(L– 2B)/(L–B)]
2B)/(L
Micro hardness ()) = (A/6)[(1–2P)/(1
(A/6)[(1
+ P)]
Where, S1– longitudinal velocity, and S2– shear velocity. The evaluated all the information with
regard to mechanical properties of the 60SiO2+30Al2O3+(10-x)CaO+(x)Cr
Cr2O3 glasses presented
in table number 02. Naturally, the glasses are extreme elastic behavior under any attentive glass
formation. And the numerous elastic modulus of glass materials is an interdependent allocation
of intermolecular control.
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Elastic properties: variation in (a) ultrasonic longitudinal velocity,
velocity (b) ultrasonic
transverse velocity, (c) Poison ratio, and (d) micro hardnesswith
with Cr2O3 concentration
60SiO2+30Al2O3+(10-x)CaO+(x)Cr
+(10
2O3 series of glass materials where ‘x’ varies 0 to 1
mol% with a step size of 0.2 mol%.

In some glass (or) glass-ceramic
ceramic materials, the elastic module improves through a predictable
degree of molecular density. Replacement of Ca2+ ions by divalent Cr3+ ions within materials
causes higher orders of variations in elastic modulus (bulk, shear, and young’s).
young
Table 2. Mechanical properties of 60SiO2+30Al2O3+(10-x)CaO+(x)Cr2O3 glasses.
Glass
Longitudinal velocity (Zx) m/s
Transverse velocity (Zy) m/s
Young’s modulus (GPa)
Shear modulus (GPa)
Bulk modulus (GPa)
Poison Ratio (GPa)
Micro-hardness (GPa)
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Cr0
3667
2308
27.20
11.60
29.30
0.171
2.53

Cr2
3678
2317
33.58
14.33
36.13
0.171
3.14

Cr4
3688
2336
34.10
14.63
36.47
0.164
3.26

Cr6
3691
2349
34.53
14.89
36.76
0.159
3.37

Cr8
3723
2379
35.50
15.37
37.64
0.1549
3.53

Cr10
3699
2352
34.08
14.68
36.31
0.1606
3.32
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Elastic properties: variation in (a) Young’s modulus, (b) shear modulus, and (c) bulk
modulus with Cr2O3 concentration 60SiO2+30Al2O3+(10-x)CaO
CaO+(x)Cr2O3 series of
glass materials,where
where ‘x’ varies 0 to 1 mol% with a step size of 0.2 mol%.

Further, which leads to a high degree of covalent bonding within a glass of 0.8 mol% Cr2O3
concentration, increased atomic density, and variations in interstitial defects could be another
reason for increasing the bulk, shear, and young’s module [16].. The Microhardness of present
glasses prescribes additional information about covalently interlinked structure.
3.3 Spectroscopic Properties
3.3.1 Optical Absorption
Fig. 4 reports the optical absorption of current glasses. And the OBE of glasses found at ~ 285.7
nm.. Glass code with 0.8 mol% Cr2O3concentration observed to be highest among all the values
of the present series of materials. Analysis reveal Cr2O3 absorption bands
ban such as transitions
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4

A2g(F)→4T1g(F), 4A2g(F)4T2g(F), 4A2g(F)2Eg and 4A2g(F)2T1g(G) around at 456–466 nm,
618–629 nm, 667–675
675 nm and 695
695–703nm wavelength range [17-20]].
]. Fig.5
Fig. reports Tauc plots
of glasses, which will help to find band gap’s values of glasses. In this view, the glass with 0.8
mol% Cr2O3concentration observed to be highest among all other glasses. Urbach energy
evaluations are also reported and analysed for a better description of glasses. From the different
observed transitions of optical absorption spectra of present glass ceramics, the crystal field
splitting energy (Dq), Racah (B,C) parameters and nephelauxetic ratio (β) were calculated by
following equations.
Dq= {E(4A2g) – E(4T1g)}/10
Dq/B = 15(X-8)/(X2-10X)
X = {E [4A2g (F) 2T1g(G)] – E [ 4A2g(F) 4T2g(F)]}/ Dq
10Dq + 4B + 3C = E [4A2g (F) 2A1g(G)]
The decrease in value of nephelauxetic ratio (β) indicates that the decrease in covalence with
in these glass ceramic materials with increase in concentration of Cr2O3. Absorption spectra
evaluations, identifications, and results of current 60SiO2+30Al2O3+(10-x)
x)CaO+(x)Cr2O3 glasses
reported in table number 03
3. The observed optical absorption spectra and Tauc plots of
60SiO2+30Al2O3+(10-x)CaO+(x)
+(x)Cr2O3added with Cr2O3 glass materials were reveal, the
parameter optical band gap decrease with increase in the content of Cr2O3. This is due to number
of non-bridging
bridging oxygen’s (NBO’s) and bond defects increase with in the glass ceramic network
and these further cause depolymerisation of glass ceramics network by Cr3+ ions along with Ba2+
ions.

Fig. 4

Optical absorption spectra of 60SiO2+30Al2O3+(10-x)CaO+(x)
+(x)Cr2O3 series of glass
materialsrecorded
recorded at room temperature with in the wavelength range of 200 - 800 nm
range. The wavelengths are taken up to an accuracy of ± 0.1 nm and Mac based
MATLAB 2.3 version to plot the figure.

The addition of Cr2O3 up to 01 mol% within the glass ceramic network leads to increase in Cr3+
ions cause formation of different donor ions tends to overlap with excited states of electrons.
These different reasons reveal tthe
he impurity energy band spreads into the original band gap leads

Volume 12, Issue 11, 2021

Page No: 8

Compliance Engineering Journal

ISSN NO: 0898-3577

decrease in optical band gap.

Fig. 5 Tauc plots of 60SiO2+30Al2O3+(10-x)CaO+(x)Cr2O3 series of glass materials. Where ‘x’
varies 0 to 1 mol% with a step size of 0.2 mol%. Wavelengths are taken up to an
accuracy of ± 0.1 nm.
Table 3. Summary on optical absorption of 60SiO2+30Al2O3+(10-x)CaO+(x)
+(x)Cr2O3 glass materials
recorded at room temperature.
Glass
Band edge(nm)
Optical band gapEo (eV)
Urbach EnergyE (eV)
4
A2g(F)4T1g(F)(nm)
4
A2g(F)4T2g(F)(nm)
4
A2g(F)2E2g(F)(nm)
CFSC Dq (cm-1)
Racah parameterB (cm-1)

Cr0
259.5
2.65
0.361
-----------

Cr2
261
1.8
0.379
453
623
692
1475
851

Cr4
263
1.7
0.395
455
625
694
1481
854

Cr6
266.7
6.7
1.6
0.415
415
459
628
697
1493
3
864

Cr8
270
1.4
0.435
466
632
704
1499
869

Cr10
268
1.5
0.429
463
629
701
1495
862

Racah parameterC (cm-1)

---

2781

2792

2999
99

3051

3023

nephelauxetic ratio

---

0.834

0.847

0.869
869

0.885

0.876

3.3.2 Photoluminescence
Fig.6 reports photoluminescence of glasses. Luminescence parameters such as cross-section,
cross
4
4
transition probability analogous to the emissive band T2g (F)  A2g (F) around at 650 661 nm.
wavelength range are evaluated and analysed. The glass with 0.8 mol% Cr2O3 concentration
observed to be highest among all the values of various luminescent quantities of glasses. The
subsequent equations are used [21,23] to determine luminescence results
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A = [82 x 106] / (e)2;
 = [()4A]/[8 c ()2];
Where, -wavelength;  - peak half width; A
A- transition probability; -refractive

index;  cross section;  - frequency; c - velocity of light; e - electron charge; Fig.7
Fig. indicates the colour
Chromacity report of glass with 0.8 mol% Cr2O3concentration.

Fig.6 Photoluminescence spectra of 60SiO2+30Al2O3+(10-x)CaO+(x)Cr
Cr2O3 series of glass
materialsrecorded
recorded at room temperature with in the wavelength range of 370 to 800 nm
and with an excitation wavelengths of both 361 nm. The wavelengths are taken up to an
accuracy of ± 0.1 nm.
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Fig.7 Chromacity analysis of 60SiO2+30Al2O3+(10-x)CaO+(x)Cr2O3 series of glass materials,
where ‘x’ varies 0 to 1 mol% with a step size of 0.2 mol%. The wavelengths are taken up
to an accuracy of ± 0.1 nm and Mac based MATLAB 2.3 version to plot the figure.
All the photoluminescence results of current 60SiO2+30Al2O3+(10-x)CaO+(x)Cr2O3 glasses
reported in table number 04. The Chromacity analysis relative to transition 4T2g (F) 4A2g (F)
suggests orange emission. However, it is changing with Cr2O3 concentration [24,25]. In this
view, the glass code 0.8 mol% Cr2O3concentration observe to exhibit the highest shift towards
the red region among all the values of the present series of materials. Improved efficiency up to
0.8 mol% Cr2O3concentration intensity is due to an enlarged number of octahedral Cr3+ ions
within the glasses. The Luminescence spectra of present glass samples were exhibited the
transition 4T2g (F) 4A2g (F) (octahedral positioned Cr3+ ions)around at 660 nm. With increase in
the content of Cr2O3 there is increasing in intensity of emission band. The red shift up to 0.8
mol% of Cr2O3 with in these glass ceramic samples is due to sharp fall in the strength of crystal
field surrounding Cr3+ ions. Which cause the reduction in the difference between ground state
and excited state. The enhanced photoluminescence with in these glass ceramic materials with
increase in concentration of Cr2O3 due to octahedrally occupied Cr3+ ions.
Table 4. Data on photoluminescence spectra of 60SiO2+30Al2O3+(10-x)CaO+(x)Cr2O3 glass
materials recorded at room temperature.
Glass

Cr2
Cr4
Cr6
Cr8
Cr10

Emission peak position
(nm)
4
T2g(F)4A2g(F)
653
655
657
661
659

Peak half
width
()
40
39
37
31
33

Transition
probability
( x 1034)
0.922
0.929
0.936
0.941
0.935

Emission
crosssection
(x 1011, cm2)
0.331
0.369
0.397
0.435
0.421

4. Conclusion
In the present work, we have synthesized the 60SiO2+30Al2O3+(10-x)CaO+(x)Cr2O3 glasses,
where ‘x’ varies with a step size 0.2 mol % from 0 to 1.0 mol %. The structure of the glasses
studied by means of X-ray diffraction. Under Physical Studies, evaluated density, molar volume,
optical basicity, polaronic strength and optical basicity of the glasses found to be highest for a
glass with 0.8 mol% Cr2O3 concentration, which suggests higher order of intermolecular force
and covalence in between Cr3+ ions to all other Ca2+, Al3+ and Si4+ ions in a glass with 0.8 mol%
Cr2O3 concentration. Ultrasonic velocities are recorded to evaluate the elastic characteristics of
glasses. Under elastic characterization, the evaluated microhardness (~ 3.53 GPa) range suggests
higher rigidity and elastic strength of glasses. Refractive index (~1.733), Optical bandgap (~ 1.4
eV), transition probability (~0.941 x 1034 S-1) and cross-section (~ 0.941 x 1011 cm2) values
analogous to the transition 3T1(P) ➝3A2(F) of glass with 0.8 mol% Cr2O3 concentration is a
highly suggestable glass for photonic use.Based on structure, physical, mechanical and
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spectroscopic studies of glasses recommend that glass with 0.8 mol% Cr2O3 concentration is a
desirable resource for thermoluminescent use.
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