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Abstract:  A transparent base glass in the chemical composition  B2O3-ZnO-MgO (BZM) has successfully been 

prepared and a couple of transition metal (Mn
2+

 & Co
2+

) ions doped into this glass matrix have also been done 

for their further analysis. Optical absorption, photoluminescence (excitation & emission) spectra, dielectric (ε' 

and tan δ) and ac conductivity measurements have been undertaken for Mn
2+ 

& Co
2+ 

: B2O3-ZnO-MgO. The 

visible absorption spectrum of Mn
2+

: BZM glass has shown a broad absorption band at 456 nm (
6
A1g(S) → 

4
T1g 

(G)), whereas three bands at 526 nm (
4
T1g (F) → 

2
T1g (H)), at 584 nm (

4
A2 (

4
F) → 

4
T1 (

4
P)) and at 1429 nm (

4
A2 

(
4
F) → 

4
T1 (

4
F)) are observed from Co

2+
: BZM optical glass. The nature of local symmetry and structural 

information of the neighboring atoms of dopant ions (Mn
2+

 & Co
2+

) in the host matrix have been understood by 

evaluating the crystal field strength (Dq) and Racah (B &C) parameters. The emission spectrum of Mn
2+

: BZM 

glass exhibits a single and broad emission band at 616 nm and it is assigned to a spin forbidden transition of 
4
T1g (

4
G) →

6
A1g (

6
S) with an excitation λexci

 
= 414 nm. While in the case of Co

2+
: BZM glass a single emission 

band at 640 nm and it is assigned to a spin forbidden transition of 
4
T1 (

4
P) →

4
A2 (

4
F) with an excitation λexci

 
= 

580 nm has been observed. The frequency dependence of dielectric parameters (ε' and tan δ) and ac 

conductivity in the frequency range  1 Hz to 2 MHz at room temperature  for these glasses have been studied. 

The low frequency dispersion in the profiles of dielectric constant and loss tangent would be resulting in 

because of space charge polarization effect at the electrode-electrolyte interface and it is also noticed that ζac 

increases in accordance with frequency change. 

Keywords: Mn
2+

 and Co
2+

 glasses, Spectral analysis, Dielectric properties, ac conductivity 

 

I. Introduction 

 In recent years, there has been a considerable interest in the study of glasses doped with transition 

metal ions because of their potential applications as lasers, photo-conductive devices, magnetic materials, 

especially for tunable solid state lasers, efficient phosphors, etc.[1-4]. B2O3 is one of the best glass formers 

known and is present in almost all commercially important glasses. It is often used as dielectric and insulating 

material and it is known that borate glass is a good shield against infrared radiation [5]. Borate glasses are used 

as electro-optic modulators, electro-optic switches, solid-state laser materials and non-linear optical parametric 

converters [6]. Borate glasses doped with certain transition metal ions have been studied by several researchers 

[7-14]. When alkaline-earth cations incorporated in the structure of borate glasses, glass transition temperature 

increases, strength of the glass structure could be increased and chemical resistance of the glass may be raised 

[15]. It has also been noticed that the presence of ZnO content in the glassy matrices, stability of the material 

becomes stronger, with a high thermal resistance against the crystallization [16]. Transition metal ions are 

incorporated in to these glasses in order to characterize their optical, dielectric and conductivity behaviors. 

Glasses containing transition metal ions have become the subject of interest owing to their potential 

applications.  

 Among the various transition metal ions, manganese ion is particularly interesting because it exists in 

different valence states with different coordination  different glass matrices [17], for example as Mn
3+

 in borate 

glasses with octahedral coordination whereas in silicate and germinate glasses it exists in Mn
2+

 with both 

octahedral and tetrahedral coordination [18-20]. Among different manganese ions, Mn
2+

 and Mn
3+

 are well 

known paramagnetic ions and Mn
2+

 and Mn
4+

are identified as luminescence activators.  In Mn
2+

, its spectral 

position can vary from green to deep red color, depending on coordination and ligand field strength. Usually, 

tetrahedral coordination (
IV

Mn
2+

, weak crystal field) results in green emission whereas octahedral coordination 

(
VI

Mn
2+

, stronger crystal field) results in orange to red emission [21] 

 Another important transition metal ion is cobalt. Cobalt ion is very interesting because of its two stable 

valence states viz., Co
2+

 and Co
3+

 with tetrahedral and octahedral coordinations in glass network and exhibits d-

d transitions due to optical excitation. Co
2+

 ion produces a thick blue color in glasses and its color shade changes 

with the transformation of its tetrahedral coordination to octahedral or vice-versa depending on the 

concentration of CoO, experimental conditions and nature of the host glass system. CoO doped glasses are 
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significantly important in the materials technology in terms of optical switching devices, visible and near 

infrared laser materials, ferromagnetic sensors, etc. The cobalt ions exhibit a strong absorption band in the near 

infrared region (1.3- 1.6 μm) due to 
4
A2g (

4
F) → 

4
T1g (

4
F) transition in the glass matrices [22]; in view of this the 

cobalt containing glases are being used as NIR laser materials. The study of dielectric properties, such as 

dielectric constant, loss factor, and ac conductivity over a wide range of frequency help in assessing the 

insulating character of the glasses but also throw some light on the structural aspects of these glasses [23]. 

 In the present work, we have reported and discussed the absorption, excitation and emission spectra of 

the above given transition metal ions (Mn
2+

 & Co
2+

) in BZM glass system and also discussed the variation of 

dielectric parameter and ac conductivity over a wider range of frequency.  

 

II. Experimental Studies 

2.1. Glass Samples Preparation 

 Glasses studied in the present work were prepared by a standard melt quenching technique. The 

chemical compositions (all are in mol %) of the host (reference) glass with and without transition metal ions as 

dopants are as follows: 

 65B2O3-20ZnO-15MgO : BZM (host glass) 

 64.5B2O3-20ZnO-15MgO-0.5MnO2 : Mn
2+

:BZM 

 64.8B2O3-20ZnO-15MgO-0.5CoCl2 : Co
2+

:BZM 

 

The starting chemicals were used in analytical grade such as H3BO3, ZnCO3, MgCO3,   MnO2, and 

CoCl2.6H2O. All the chemicals were weighed in 10g batch each separately, thoroughly mixed using an agate 

mortar and a pestle and then each of those was collected into porcelain crucible and heated in an electric furnace 

for melting them for an hour at 980
o
C. Melt mixture was repeatedly stirred to ensure a total homogenization. 

This melt was then quenched in between two smooth surfaced brass plates; bubble free glasses in circular 

designs having 2–3 cm in diameters and a thickness of 0.3 cm were obtained. Due to the homogeneous 

distribution of transition metal ions in the glass matrices, these bubble free transparent glasses have displayed 

brighter colours as shown in Fig. 1. Mn
2+

: BZM glass has exhibited brown colour and Co
2+:

 BZM glass has 

demonstrated blue colour and a colourless host glass. 

 

 
Figure 1. Photographs of reference BZM, Mn

2+
: BZM & Co

2+
: BZM glasses 

 

2.2. Measurements  

 The optical absorption spectra of BZM glasses doped with certain transition metal ions (Mn
2+

 & Co
2+

) 

were recorded at room temperature in the spectral range of 250 nm- 2500nm on a Varian-Cary-Win 

spectrometer (JASCO V-570). Excitation & emission spectra were recorded at room temperature on a SPEX 

Flurolog-3 (Model-II) spectrophotometer, attached with a Xe-arc lamp (450 W) as the excitation source. 

Electrical conductivity measurements were carried using a two electrode cell configuration by sandwiching the 

glass samples between brass electrodes at room temperature over a frequency range of 1 Hz – 2 MHz at an ac 

voltage strength of 0.5 Vrms on a Phase Sensitive Multimeter (PSM 1700) in LCR mode for acquiring the data of 

real and imaginary parts of complex impedance. The calculation of conductivity (ζac), real (ε') and imaginary 

(ε'') parts of dielectric constant (ε*), dielectric loss (tan δ) were performed using raw impedance data based on 

the capacitance, sample dimensions and electrode area.  

 

III. Theoretical Analysis 
Manganese:  The ground-state electron configuration of Mn

2+
 is written as A (3d)

5
, where A stands for the 

completed argon shell with eighteen electrons. In a cubic crystalline field of low to moderate strength, these five 

d electrons of Mn
2+

 ion are distributed in t2g and eg orbitals, with three in the former and two in the later. Thus, 

the ground state configuration is written as   (t2g)
3
 and (eg)

2
. This configuration gives rise to the electronic states, 

6
A1g, 

4
A1g, 

4
Eg, 

4
T1g, 

4
T2g and a number of doublet states of which 

6
A1g lies lowest according to Hund’s rule. The 

free ion levels of Mn
2+

 in the order of an energy increasing are 
6
S, 

4
G, 

4
P, 

4
D and 

4
F. The energy levels of Mn

2+
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ion in octahedral environment (CN=6) are 
6
A1g (

6
S),  

4
T1g (

4
G), 

4
T2g (

4
G), 

4
Eg  - 

4
A1g (

4
G), 

4
T2g (

4
D) and 

4
Eg (

4
D). 

The  
4
Eg  - 

4
A1g (

4
G) and 

4
Eg (

4
D) levels have relatively less influence compared to the other levels by the crystal 

field. It means that the relative sharp lines could be expected in the absorption or excitation spectrum, which is 

the criterion for assignments of levels for Mn
2+

 ion. Since all the excited states of Mn
2+

 ion (3d
5
) will be either 

quartets or doublets, the optical absorption spectra of Mn
2+

 ions will have only spin forbidden transitions 

[9,24,25]. 

 

Cobalt 

 Cobalt (d
7
) is divalent ion having free ion states 

4
F, 

4
P, 

2
P, 

2
D, 

2
G, 

2
H, and 

2
F in octahedral or 

tetrahedral coordination. In octahedral co-ordination, Co
2+

 free ion ground state 
4
F splits into two triplets 

4
T1g, 

4
T2g and  a singlet 

4
A2g states, while the next lowest free ion state 

4
P remains up-split with the 

4
T1g state as the 

lowest. With regards to Co
2+

, this co-ordination has three bands which correspond to the spin allowed transitions 
4
T1g (F) → 

4
T2g (F), 

4
T1g (F) → 

4
A2g (F) and 

4
T1g (F) → 

4
T1g (P). The 

4
T1g (F) → 

4
A2g (F) transaction could be 

seen in a low intensity due to a forbidden two-electron jump [9, 26]. In a tetrahedral symmetry, the energy levels 

of Co
2+

 ion are 
4
T2g (

4
F), 

4
T1g (

4
F), 

2
E2g (

2
G) and 

4
T1g (

4
P), etc., with the ground state of 

4
A2g (

4
F). In a 

tetrahedral symmetry, Co
2+

 ion-doped materials mainly show two spin-forbidden transitions 
4
A2g (

4
F) →

4
T1g 

(
4
P) and 

4
A2g (

4
F) →

4
T1g (

4
F), respectively [12, 26]. The high intensity of the tetrahedrally co-ordinated band is a 

consequence of the mixing of the 3d-orbitals with 4p-orbitals and ligand orbitals [27, 28]. 

 

IV. Results And Discussion 
4.1 Absorption and Photoluminescence Spectral Analysis 

 The absorption spectra of transition metal ions are influenced by the nature of the host matrices into 

which those ions are accommodated owing to the excitation spectra of 3d electrons. The absorption spectra of 

transition metal ions are fairly broader and are sensitive to the changes in coordination and symmetry. Due to 

the presence of various oxidation states, each of the states can give rise to different absorption spectra which can 

be explained by the application of ligand field theory. Fig. 2 (a) represents the absorption spectrum for reference 

BZM glass. From the optical absorption spectrum, it is observed that the reference glass possess UV 

transmission ability and good transparency.   

 

 

 

 

 

 

 

 

 

 

 

   

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 2. Optical absorption spectra of  

(a) Reference BZM, (b) Mn
2+

: BZM &  

(c) Co
2+

: BZM glasses 
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The visible absorption spectrum of Mn
2+

: BZM glass is shown in Fig. 2 (b), which exhibits  an intense 

broad absorption band with the maximum centered at 456 nm  assigned to the  
6
Alg(S) → 

4
T1g(G) transition of 

Mn
2+

 ions in octahedral symmetry [7, 29]. These transitions are spin and parity forbidden for electric dipole 

radiation in an octahedral environment; hence the absorption bands are weak. By using the energy of this band, 

the crystal field parameter (Dq=ν/10) is evaluated to be 2193 cm
-1

 [30]. 

Fig. 2 (c) presents the optical absorption spectrum of Co
2+

: BZM glass recorded at room temperature in 

the wavelength range 300-2500 nm. The spectrum exhibited three principal absorption bands at 526 nm, 584 nm 

and in the NIR region at about 1429 nm. Out of these bands, the band at 526 nm is identified as being due to 
4
T1g (F) → 

2
T1g (H) octahedral transition, whereas the other bands at 584 nm and 1429 nm are attributed at 

4
A2 

(
4
F) → 

4
T1 (

4
P) and 

4
A2 (

4
F) → 

4
T1 (

4
F)   tetrahedral transitions, respectively, of Co

2+
 ions [13, 31, 32]. The 

values of Dq = (ν2-ν1)/10 (crystal field parameter) and Racah coefficient B (electrostatic parameter which is a 

measure of the interelectronic repulsion) are calculated from the energies corresponding to the spectral 

transitions using Tanabe – Sugano equation [33]. The Dq value is evaluated to be 824 cm
−1

 and B is found to be 

761 cm
−1

 whereas C value is estimated to be 3769 cm
−1

 for C/B = 4.5 [33]. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  

 Fig. 3(a) shows the excitation spectrum of 0.5 mol% Mn
2+

 -doped 65B2O3–20ZnO–15MgO glass. The 

Mn
2+

 d–d absorption transitions are difficult to be pumped as those are forbidden by spin and parity for electric 

dipole radiation in octahedral symmetry. Charge transfer (CT) transitions occur when a valence electron is 

transferred from the ligand towards the unoccupied orbitals of the metallic cation and those are parity allowed 

and occur generally in the UV and vacuum UV region, which are mainly vibronic in character [34]. Excitation 

spectrum was monitored at an emission wavelength of λemi = 616 nm. Two sharp excitation bands at 346 nm and 

at 414 nm have been measured. The excitation band at 346 nm is assigned to the 
6
A1g (

6
S) →

4
T2g (

4
D) 

absorption transitions of Mn
2+

 ion which exists in the UV region in absorption spectrum. Similarly, the 414 nm 

excitation band coincides with the energy of   
6
A1g (

6
S) →

4
T1g (

4
G) and 

4
E (

4
G) absorption transition of Mn

2+
 ion 

[34, 35]. Under an UV source Mn
2+:

 glasses are usually emit a green or a red colour. The emission colour is 

strongly dependent on the co-ordination environment of Mn
2+

 in the host matrix, and it emits a green light when 

it is tetrahedrally co-ordinated (CN = 4), whereas it emits red in octahedral co-ordination (CN = 6). The 

emission spectrum of Mn
2+

: BZM glass is shown in Fig. 3(b) under the excitation wavelength of 414 nm. A 

broad red band at 616 nm is observed and this is assigned to the spin forbidden 
4
T1g (

4
G) →

6
A1g (

6
S) transition 

of isolated Mn
2+

 ions in octahedral symmetry [21, 36, 37].  According to Tanabe–Sugano diagram for 3d
5
 ions 

with a decreasing crystal   field strength, a blue shift of the 
4
T1–

6
A1  optical transition could be possible [38, 39] 

 

Figure 3. (a) Excitation and (b) Emission spectra Mn
2+

: BZM glass  
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Figure 4. (a) Excitation and (b) Emission spectra Co
2+

: BZM glass 

 

The excitation spectrum of 0.2 mol% Co
2+

: BZM glass is shown in Fig. 4(a), with an emission at λemi = 

640 nm. A broad excitation peak at 580 nm (
4
A2 (

4
F)

4
T1 (

4
P))  has been obtained. Fig 4(b) shows 

luminescence emission spectrum of Co
2+

-doped BZM glass recorded at room temperature at an excitation 

wavelength of 580 nm. The spectrum exhibited a single emission band at 640 nm identified due to 
4
T1 (

4
P) 

→
4
A2 (

4
F) tetrahedral transitions of Co

2+
 ion [40, 41]. The spectral position of emission band explains about the 

site symmetry of Co
2+

 ion. 

 

4.2 Dielectric and Conductivity properties 

The dielectric properties of glass materials are an intrinsic effect associated to the mechanism of 

polarization of the permanent and induced electrically charges by an external applied electric field. The charge 

carriers in the glass cannot move freely through a glass matrix by they can be displaced and polarized as 

response to an applied alternating field. In the dielectric studies, the complex permittivity of the system is 

calculated using the impedance data  

    

 
1

' ''j
j C

  








  


             ….. (1) 

 

Where Z
*
 is the complex impedance, Co is the capacitance of free medium. The real part of permittivity 

(dielectric constant) ' represents the polarizability, while the imaginary part (dielectric loss) " 

 

represents the 

energy loss due to polarization and ionic conduction. The dielectric parameters (dielectric constant (), 

dielectric loss tangent (tan δ)) and ac conductivities   (ac) are calculated using the formulae [42]  

'
Cd


 




         ….(2) 

''
tan

'





      …..(3)      

        
''ac  

    …..(4)  

Where C is the capacitance of the sample, o is the permittivity of the free space (8.85x 10
-12 

Fm) and A is the 

cross-sectional area of electrode 

  
The variation of dielectric constant (ε') at room temperature in the frequency range 1 Hz – 2 MHz for 

host BZM, Mn
2+

:BZM and Co
2+

:BZM glasses are shown in Fig. 5(a) . All three profiles have exhibited the same 

trend of rapid decreases in dielectric constant with an increase in the frequency and finally reaching a constant 

value.  
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Figure 5. (a) Variation of dielectric constant (ε') and  (b) variation of   loss tangent (tan δ)  as 

function of  log (ω) at room temperature for host BZM, Mn
2+

BZM and Co
2+

:BZM glasses      

At low frequencies, the ions align themselves along the field direction and fully contribute to the total 

polarization and hence high dielectric constant. As the frequency increases, the polarizability contribution from  

ionic and orientation sources decreases and finally disappears due to the inertia of the ions [42]. Hence, the ions 

would not be able to follow the electric field direction and as a result their contribution to the polarization would 

be less. Therefore, the dielectric constant decreases with increasing frequency. The dielectric loss tangent (tan δ) 

is the phase difference due to the loss of energy within the sample. The contribution to the dielectric loss is 

mainly attributed to thermally activated relaxation of freely rotating dipoles trying to align themselves in the 

applied field direction. 

The variation of dielectric loss tangent (tan δ) with frequency at room temperature for the host BZM, 

Mn
2+

: BZM and Co
2+

: BZM glasses are shown in Fig. 5(b). From figure it is observed that dielectric loss of the 

three studied glass systems decreases with an increase in frequency due to mobility of conducting species. The 

higher the mobility of conducting species, the higher would be the dielectric loss component [43]. 

 The frequency (log ω) dependent ac conductivity (log ζac) profiles of host (BZM), Mn
2+

:BZM and 

Co
2+

: BZM glasses are shown in Fig. 6 are analyzed on the basis of Jonscher universal power law [44]: 

         S

dc    
    

0<s< 1   ….. (5) 

Where dc is the dc conductivity of the samples, A

 

is temperature dependent constant, 2 f   is the angular 

frequency of the applied field and s is the power law exponent in the range 0 < s < 1, represents the degree of 

interaction between the mobile ions. The frequency dependence of conductivity is sum of dc conductivity due to 

movements of free charges and polarization conductivity (ac conductivity) due to movement of bound charges. 

 

 

 

 

 

  

 

 

 

 

 

 

 

 

 

 

Figure 6. Variation ac conductivity ζac (ω) as function of log (ω) at room temperature for host BZM, Mn
2+

BZM 

and Co
2+

: BZM glasses 
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 In Fig. 6 profiles of frequency dependence of ac conductivity have been shown. It is observed that all 

the three plots have shown same trend with nearly flat portion at lower frequencies and tends to merge at higher 

frequencies, suggesting that at lower frequencies, conductivity is independent of the frequency and increase 

linearly as a function of higher frequencies. This attributes to the number of charge carriers having high 

relaxation time responds less due to high energy barrier in the low frequency region, so conductivity is small at 

lower frequencies [45]. However, due to high frequency the energy barrier height decreases and more number of 

charge carriers respond easily and posses short-range ion migration due to short time periods available, so 

higher conductivity is dominant at higher frequencies. The other possible way of explanation attributed to 

enhancement in ac conductivity:  at lower frequencies, random distribution of ionic charges via activated 

hopping gives rise to a frequency independent conductivity while at higher frequencies, conductivity exhibits 

dispersion which increases linearly following power law relation in the higher frequency region (ζdc = 0) : 

              
  S        0< s < 1                                          ... (6) 

The values of the exponent s are evaluated from the slopes of  log ac   versus log by using the equation 

  
  
acd Ln

S
d Ln

 


  , found to lie in the range of 0.7 to 0.9 which explains the interaction between the mobile 

ions [46].   

 

V. Conclusion 
  In summary, it is concluded that we have developed brightly colored and transparent Mn

2+
 and Co

2+
 

ions doped Borate Zinc Magnesium glasses. Vis-NIR absorption spectra of these glasses have been analyzed 

systematically. From Mn
2+

 ion doped BZM glass related emission spectra, it has been found that at   λexci = 414 

nm, a bright red emission (616nm) (
4
T1g (

4
G) → 

6
A1g (

6
S)) has been observed. The Co

2+
: BZM glass has 

revealed a red emission (640nm) (
4
T1 (

4
P) →

4
A2 (

4
F)) at λexci = 580 nm, and which clearly indicates that in the 

present host glass matrix, Co
2+

 ions are situated in tetrahedral co-ordination. These Mn
2+  

and Co
2+

 ions doped 

glasses have demonstrated their potential as novel luminescent optical materials of technological importance. 

The dielectric properties (ε' & tanδ) of these glasses are found to be decreasing with an increase in frequency 

due to accumulation of charges at the electrode-electrolyte interface hence results in with polarization effect. 

Due to the adding of transition metal ions (Mn
2+

 or Co
2+

) into the chosen host glass matrix, their ac (ζac) 

conductivities are found to be significantly enhanced in comparison with the host (BZM) glass. Thus, we 

suggest that the present study has provided us progressive outlook tend in carrying out further exploration on 

these glasses to dope them with several other transition metal ions as dopants to evaluate their optical, dielectric 

and conductivity performances for applications purpose. 
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