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ABSTRACT 

PbO-ZnO-B2O3 glasses containing different concentrations of MnO have been prepared. The glasses are 
characterized by XRD, SEM and differential thermal analysis.  These studies have been analyzed in the light of 
different oxidation states of manganese ion with the aid of the data on IR, ESR, optical absorption and magnetic 
susceptibility measurements.  The analysis shows that manganese ions exist mainly in Mn2+ state, occupy tetrahedral 
positions and increase the insulating strength of the glass if MnO is present in smaller concentrations.  However, if 
MnO is present in higher concentrations in the glass matrix, (i) the intensity and the half width of the ESR signal has 
been observed to decrease and (ii) the value of magnetic moment (evaluated from magnetic susceptibility) has been 
observed to drop to a value of 4.57 µB from 5.64 µB. From these results it has been concluded that up to 0.4 % mole 
concentration range, manganese ions exist mainly in divalent state.  
Keywords: PbO-ZnO-B2O3 glass, XRD, SEM, optical absorption. 
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INTRODUCTION 
Borate glasses have been widely investigated due to their technological applications. B2O3 can be 
considered as having the highest glass formation tendency because molten B2O3 does not crystallize by 
itself even when cooled at the slowest rate. Boron is the first member of the group III in the periodic table 
and the size of B3+ ion is very small. B3+ can fit in to the trigonal void created by 3 oxide ions in mutual 
contact and forming a [BO3/2] unit.  [BO3/2] units are the primary building blocks in all borate glasses. 
Since B in [BO3/2] is electron deficient, it can accept two more electrons in the form of a dative bond. This 
happens when an oxide ion is available in the glass composition for such additional bonding. [BO4/2]

- 
units are thus readily formed in borate glass structures. [BO4/2]

- units are tetrahedral. Several Structural 
Studies have been performed on B2O3 and it may be fair to say that there is no consensus as to how the 
building blocks [BO3/2] units are connected in the structure1. B2O3 is a glass forming oxide, PbO is a 
conditional glass former and with these two chemicals in the glass matrix, a low rate of crystallization, 
moisture resistance, stable and transparent glasses could be achieved due to a dual role played by PbO as 
a glass former and also as a modifier2. Addition of ZnO as a network modifier to such glass matrices 
significantly modifies different properties. ZnO can act both as a glass former and a glass modifier. As 
glass former ZnO enters the network with ZnO4 structural units and as network modifier, zinc ion is 
octahedrally coordinated and behaves like any other conventional alkali oxide modifier. As a result, the 
infrared transmittance of these glasses will be least affected due to the introduction of ZnO3-6. 
Introduction of ZnO to these glasses enhances the applications suitably in plasma display panels7-10. 
Transition metal ions are incorporated into these glasses in order to characterize their optical behaviors. 
Glasses containing transition metal ions have become the subject of interest owing to their potential 
applications11,12. Among the transition metal ions, Mn2+ is a typical luminescent ion with good potential 
applications13–20. A considerable number of investigations on the role of manganese ions on the physical 
properties of a variety of glass systems like phosphate, tellurite, arsenate, borate, silicates etc. have also 
been reported by many researchers in recent years21–25. Manganese ions exist in different valence states 
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with different coordinations in glass matrices, for example as Mn3+ in borate glasses with octahedral 
coordination where as Mn2+with both tetrahedral and octahedral environment 26. The content of 
manganese in different coordinations in different valence states exist in the glass depends upon the 
quantitative properties of modifiers and glass formers, size of the ions in the glass structure, their field 
strength, mobility of the modifier cation, etc. Both Mn3+ and Mn2+ ions are well known paramagnetic 
ions. Mn3+ ion has a large magnetic anisotropy due to its strong spin–orbit interaction of the 3d orbital 
whereas such anisotropy energy of Mn2+ ion is small because its orbital angular momentum is zero. 
Further, it is also quite likely for manganese ions to have link with antimony/borate groups, thereby 
strengthen the glass structure and may raise the chemical resistance of the glass. The purpose of the 
present investigation is to understand the local environment of manganese ions in PbO-ZnO–B2O3 glass 
network and their influence on the stability of glass. 
 

EXPERIMENTAL 
Within the glass forming region of PbO-ZnO -B2O3 glass system, the following compositions with 
successive increase in the concentration of MnO are chosen for the present study: 

M0:  40 PbO-10 ZnO-50 B2O3  
M1:  40 PbO-10 ZnO-49.8 B2O3: 0.2 MnO 

M2:  40 PbO-10 ZnO-49.6 B2O3: 0.4 MnO  
M3:  40 PbO-10 ZnO-49.4 B2O3: 0.6 MnO 

M4:  40 PbO-10 ZnO-49.2 B2O3: 0.8 MnO 
M5:  40 PbO-10 ZnO-49.0 B2O3: 1.0 MnO 
 

Appropriate amounts (all in mol %) of reagent grades of ZnO, PbO, H3BO3 and MnO powders were 
thoroughly mixed in an agate mortar and melted in a platinum crucible in the temperature range 950-1000 
oC in a PID temperature controlled furnace for about 1 h until a bubble free transparent liquid was 
formed. The resultant melt was then poured in a brass mould and subsequently annealed at 300 oC. The 
amorphous state of the glasses was confirmed by X- ray diffraction and scanning electron microscopy 
studies. 

The differential thermal analysis on these samples was carried out using STA 409C, Model DTA-
TG with a programmed heating rate of 10 oC / min in the temperature range of 30-1000 ºC.  

The samples were then ground and optically polished. The final dimensions of the samples used 
for optical studies were about 1cm x 1cm x 0.2 cm. The density d of these glasses was determined to an 
accuracy of 0.001 by standard principle of Archimedes' using o-xylene (99.99% pure) as the buoyant 
liquid.  The IR spectra of the glasses were recorded by KBr pellet method. Glass powders (2 mg) were 
mixed with anhydrous potassium bromide powder (150 mg) and pressed into pellets at 2000 kg cm-2. The 
spectra were recorded using a FT- IR Digital Excalibur 3000 Spectrophotometer with a resolution of 0.1 
cm-1 in the range 400-2000 cm-1.  

The optical absorption spectra of these glasses were recorded at room temperature in the 
wavelength range 350-650 nm up to a resolution of 0.1 nm using Shimadzu  UV-VIS-NIR 
Spectrophotometer Model 3101.  
  The ESR spectra of the fine powders of the samples were recorded at room temperature on JES-
FA 200 (ν = 9.21 GHz) ESR spectrometer with 100 KHz field modulation. The magnetic susceptibility 
measurements were made at room temperature by Guoy’s method using fine powders of these glasses.  
 

RESULTS AND DISCUSSION 
Our visual examination, the absence of peaks in the X-ray diffraction pattern shown in Fig.1, the scanning 
electron microscope pictures of the samples shown in Fig.2, the existence of glass transition temperature 
Tg, crystalline temperature Tc and melting temperature Tm in the DTA traces, indicate that the samples 
prepared were of amorphous in nature.  
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From the measured values of density d and calculated average molecular weight M , various 
physical parameters such as manganese ion concentration Ni and mean manganese ion separation Ri of 
these glasses are evaluated27 and presented in Table 1. 

Fig.3 shows typical traces of differential thermal analysis of all the glasses under study. The 
curves exhibit an endothermic effect due to glass transition temperature Tg; the value of Tg is evaluated 
from the point of inflection of this change. At still higher temperatures, an exothermic peak Tc due to the 
crystal growth followed by an endothermic effect due to the melting effect denoted by Tm, are also 
observed. The values of Tg, Tc and Tm obtained for all the glasses are furnished in Table 2. The 
appearance of single peak due to the glass transition temperature in DTA pattern of all the glasses 
indicates the good homogeneity of the glasses prepared. For MnO doped glasses, the quantity (Tc-Tg), 
which is proportional to glass forming ability, is found to increase where as the quantity (Tm-Tc) which is 
inversely proportional to glass forming ability is found to decrease (Table 2) with increase in the content 
of MnO upto 0.4 % of mole concentration. From the measured values of Tg, Tc and Tm, the parameters 
(Tc-Tg), (Tm-Tc) and glass forming ability parameter known as Hruby’s parameter  (Tc-Tg)/(Tm-Tc) are 
evaluated and presented in Table 2. The variation of the parameter (Tc-Tg)/(Tm-Tc) with the concentration 
of MnO shows the maximum value for glass M1 (Table 2) indicating its highest glass forming ability 
among all the glasses under investigation.   

The variation of glass forming ability parameter called Hurby’s Parameter Kgl with the 
concentration of MnO in the present glass system is represented in the Fig. 3-A. From the graph it is clear 
that the glass forming ability is increased with the increase in the concentration of MnO up to 0.4 % of 
mole concentration and later on with the increase in the concentration of MnO the Hurby’s parameter is 
decreased.   

The infrared transmission spectra of pure PbO-ZnO-B2O3 glasses have exhibited two main groups 
of bands: (i) in the region 1300-1400 cm-1, (ii) in the region 1100-1200 cm-1 and another band at about 
712 cm-1 (Fig.4); these bands are identified due to the stretching relaxation of B-O bond of the trigonal 
BO3 units, vibrations of BO4 structural units  and due to the bending vibrations of B-O-B linkages 
respectively28-30. A band due to PbO4 structural units is also present in the spectra of all the glasses at 
about 485 cm -1 31, 32. A band due to vibrations of ZnO4 structural units is also observed at 522 cm-1 in the 
FTIR spectrum of all samples33.  

With the introduction of MnO up to 0.4 mol %  into the glass network, the intensity of second 
group of bands (bands due to BO4 units) is observed to increase with a shifting of meta-center towards 
slightly lower wavenumber, where as, the intensity of the first group of bands (bands due to the BO3 
structural units) is observed to decrease. For further increase of MnO, the intensity of the first group of 
bands is observed to increase at the expense of second group of bands. The wavenumbers corresponding 
to these groups are presented in table 3.  

The optical absorption spectra of PbO-ZnO-B2O3: MnO glasses recorded in the wavelength 
region 350-650 nm are shown in Fig. 5. The absorption edge observed at 382 nm for the glass M0 is 
observed to shift to 377.7 nm with the introduction of MnO (0.4 mol %). For further increase in the 
concentration of MnO, the edge is observed to shift gradually towards higher wavelength. The spectra of 
the glasses M1, M2 and M3 have exhibited absorption bands at 403, 420 and 510 nm due  to Mn2+ ion 
transitions and a broad band at 490 nm due to Mn3+ ions is observed in the spectra of M3, M4 and M5. 
With increase in the concentration of MnO beyond 0.4 mol %, the bands due to Mn2+ ions have been 
observed to fade away slowly where as the intensity of the band due to Mn3+ ions is observed to increase 
gradually. 

From the observed absorption edges, we have evaluated the optical band gaps (Eo) of these 
glasses by drawing Urbach plot between (α h ω)1/2 and h ω as per the eqn.: 
  α(ω) h ω = C ( h ω - Eo)

2.                              
 Fig. 6 represents the Urbach plots of all these glasses in which a considerable part of each curve 
is observed to be linear. The values of optical band gap (Eo) obtained from the extrapolation of the linear 
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portions of these plots are presented in Table 4. The value of Eo is found to decrease with the increase in 
concentration of MnO from 0.4 mol %. 

The ESR spectra of PbO-ZnO-B2O3: MnO glasses recorded at room temperature are shown in Fig. 
7. The intense line centered at about g = 2.0 could clearly be seen in the spectra of these glasses. The 
intensity of this signal is observed to increase gradually with increase in the concentration of MnO in the 
glass matrix up to 0.4 mol %. However, the intensity of this signal is decreased with the increase of the 
concentration of MnO beyond 0.4 mol %. Additionally a weak signal at g=4.3 could also be detected in 
the spectra of these glasses.   

Magnetic susceptibility of PbO-ZnO-B2O3: MnO glasses measured at room temperature is 
observed to increase with increase in MnO content in the glass composition (Table 5) up to 0.4 mol %, 
beyond that the susceptibility is found to decrease. From the values of magnetic susceptibilities, the 
effective magnetic moments (µeff) are evaluated and presented in Table 4. The value of µeff is found to 
increase gradually from a value of 5.51 (for glass M1) to a value of 5.64 µB (for glass M2) with increase of 
MnO up to 0.4 mol %. Later on with the increase of MnO in the glass matrix the magnetic moment is 
decreased.  
  It is well known fact that the effect of introduction of modifiers like PbO and ZnO into B2O3 
network is to convert the sp2 planar BO3 into more stable sp3 tetrahedral BO4 units in addition to non-
bridging oxygens (NBO’s). Each BO4 unit is linked to two such other units and one oxygen from each 
unit with a metal ion giving rise to a structure that leads to the formation of long chain tetrahedrons. The 
presence of such BO4 units in the present glass system is evident from infrared spectral studies.  

PbO in general is a glass modifier and enters the glass network by breaking up the B-O-B bonds 
(normally the oxygens of PbO break the local symmetry while Pb2+ ions occupy interstitial positions) and 
introduces coordinate defects known as dangling bonds along with non-bridging oxygen ions. ZnO can 
act both as glass former and glass modifier. As glass former ZnO enters the network with ZnO4 structural 
units and as network modifier, zinc ion is octahedrally coordinated and behaves like any other 
conventional alkali oxide modifier. Singh and Bhatti34 observed that the introduction of ZnO in the lead 
borate glass will increase the BO4 structural units at the expense of [BO3] units.  

The change in geometrical configuration, co-ordination number, cross-link density and the 
dimensions of the interstitial space in the glass decide the density, and therefore the density is a tool in 
revealing the degree of change in the structure with the glass composition. In borate glasses, the trend in 
density is controlled by the fraction of four-coordinated borons35. It is an established fact that boron can 
have a coordination number of three and/or four36–39.  

Consequently, boron can have its structure in a triangular and/or tetrahedral form. Tetrahedral 
groups are more rigid compared to triangular groups. In pure B2O3 glasses most of the boron is involved 
in [B3O6] boroxol rings. In our present system of ZnO–PbO–B2O3 glasses, an increase in density with 
fixed modifier content of ZnO and PbO and an increased content of MnO is observed. As PbO and ZnO is 
added, more boron atoms go into four coordination. The separation between BO4 tetrahedra and a 
neighboring BO3 should be less than the separation between two adjacent BO3 triangles, i.e. the 
conversion of three coordinated boron to a four-coordinated boron is the cause of network contraction. 
With the addition of ZnO and PbO, breaking of these rings and an increase in the formation of [BO4] units 
was observed. Moreover, the maximum amount of [BO4] units at about 0.4 mol% of MnO is noticed in 
the Table 1 with an increase of density for M2 due to more number of BO4 structrural units. On further 
increase of MnO in the glass matrix the density is not abruptly changed and it is an indication that the 
BO4 structural units are decreased for further increase of MnO content in the system40.  

To form octahedral units, Pb should be sp3d2 hybridized (6s, 6p and 6d orbitals) 41. However, PbO 
may also participate in the glass network with PbO4 structural units when lead ion is linked to four 
oxygens in a covalency bond configuration. In such a case the network structure is considered to build up 
from PbO4 and BO4 pyramidal units, which are linked together by B-O-Pb bonds. Manganese ions seem 
to exist in Mn2+ and Mn3+ states in PbO-ZnO–B2O3 glass network. The electronic configuration of Mn2+ 
ion is 3d5, which corresponds to a half-filled d shell. Most of the Mn2+ complexes are octahedral and have 
a high spin arrangement with five unpaired electrons42. 
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In general, the optical absorption bands of Mn2+ complexes are observed in the visible and 
ultraviolet regions. In octahedral symmetry the ground state of Mn2+ is spherically nondegenerate 6A1g 
state. In a cubic crystalline field of low and moderate strengths, the five d electrons of Mn2+ are 
distributed in the t2g and eg orbitals, with three in the former and two in the latter. Therefore, the ground 
state configuration is normally written as (t2g)

3(eg)
2. This configuration gives rise to electronic states 6A1g, 

4A1g, 
4Eg, 

4T1g, 
4T2g, and 4A2g besides number of doublet states of which 6A1g lies lowest according to 

Hunds’rule. The observed optical absorption bands are from the ground state 6A1g to some quartet states 
and these are both spin and parity forbidden. In general,  (G)E  (S)A g

4
1g

6 → ,  (G)A (S)A 1g
4 

1g
6 →  and 

(D)E  (S)A g
4

1g
6

→ bands are sharp as they arise from intra configurational transitions. The transitions 

 (G)T  (S)A 1g
4

1g
6 → and (G)T  (S)A 2g

4
1g

6 → involve a change of configuration from (t2g)
3(eg)

2 to 

(t2g)
4(eg)

1 and are therefore observed to be broad43,44. Since all the excited states are spin quartet states, no 
spin allowed transitions would occur for Mn2+ ions. Hence, Mn2+ions are characterized by weak bands, 
which arise due to the spin forbidden transitions. By diagonalising the energy matrices for d5 
configuration, the clearly resolved bands observed at 510, 419.34 and 403 nm in the optical absorption 
spectrum of PbO-ZnO–B2O3 glasses (containing MnO up to 0.4 mol%) are assigned to )G(T)S(A g1

4
g1

6 → , 

 (G)T(S)A 2g
4

1g
6 → and  (G)A  (S)A 1g

4
1g

6 → ) transitions. The existence of these bands indicates the presence 

of manganese ion in Mn2+ (d5) state in the glasses M1 to M3. With the increase of MnO concentration from 
0.2 to 0.4 mol % the intensity of Mn2+ transition bands are increasing and at 0.4 mol % Mn2+ bands posses 
maximum intensity. Again after increasing the concentration from 0.4 to 0.6 mol % the intensity of Mn2+ 
bands are decreased and the intensity of the band formed due to Mn3+ state which is a broad band from 
485 – 500 nm is increasing. Beyond the concentration of 0.6 mol % of MnO the bands due to Mn2+ state 
are disappeared and band due to Mn3+ are increased. This proves that at 0.4 mol % of MnO most of the 
Mn ions exists in 2+ state and occupy tetrahedral sites in the glass matrix.  

ESR spectra of PbO-ZnO-B2O3: MnO glasses recorded at room temperature (Fig.7) exhibited an 
intense spectral line centered at about g = 2.0. The intensity of this signal is observed to increase with 
increase in the concentration of MnO up to 0.4 mol %. Additionally, a weak signal at about g = 4.3 could 
be detected   in the spectra of all glasses.  
The d5 electronic configuration has a 6S5/2 ground state in the free atom and possesses zero orbital angular 
momentum and hence an ESR signal is expected with g value very close to the free electron value 2.0023. 
The g=4.3 line is an indicative of a distorted crystalline field in the vicinity of some Mn2+ ions and 
presumably due to magnetically isolated Mn2+ ions in tetragonal sites of octahedral symmetry33. The ESR 
signal is week for M2 glass with g=4.3 and the intensity of this signal is increasing with the increase in the 
concentration of MnO in the glass system beyond 0.4 mol %. The hyperfine structure is observed to be 
very feeble for glasses M4 and M5. The decrease in the intensity peak to peak33 of the sextet with the 
increase in the concentration of MnO beyond 0.4 mol % indicates: (i) conversion of the g=2.01 site to 4.3 
site, (ii) decrease in the concentration of Mn2+ ions in the glass matrix. Out of these, the way the intensity 
of g=4.3 line varies indicating that the probability of conversion of site to site is very small. Hence, we 
may take the second view (i.e. decrease in the concentration of Mn2+ ions in the glass matrix) as 
reasonable.  

The magnetic properties of these glasses arise from the paramagnetic Mn2+ and Mn3+ ions with 
3d5 and 3d4 electrons, respectively. The value of the effective magnetic moment, 5.64 µB, obtained for 
glass M2 confirms the presence of the highest concentration of Mn2+ ions in this glass. The decrease in the 
value of µeff from 5.64 to 4.57 µB (M5) indicates that the glass M5 consists of manganese ions mostly in 
Mn3+ state42 that take part modifying positions in PbO-ZnO–B2O3 glass network. 

Recollecting the data on IR spectra, with the raise in the concentration of MnO, the intensity of 
the bands due to BO3 structural units has been observed to decrease at the expense of the bands due to 
BO4 units up to 0.4 mol %.  This observation suggests a gradual increase in the concentration of divalent 
manganese ions in the glass network that acts as modifiers; improved the tetrahedral sites in the glass 
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matrix at this concentration. These conclusions are supported by (i) increase in the glass transition 
temperature Tg and related parameters with MnO concentration, (ii) increase in the intensity of band in 
the IR spectra, due to BO4 structural units, (iii) the shifting of absorption edge towards lower wavelength 
(or increase in the value of optical band gap Eo) and (iv) a increase in the value of effective magnetic 
moment from 5.51 µB to 5.64µB (a value corresponds to the magnitude expected for Mn2+ ions).    
 

CONCLUSION 
The summary of conclusions drawn from the study of various properties of PbO-ZnO- B2O3 glasses doped 
with MnO is as follows: 
1. The optical absorption and ESR spectral studies indicate the presence of part of manganese ions in 

Mn2+ state occupy tetrahedral positions,  if MnO is present in lower concentrations; when the 
concentration of MnO is in higher  quantities (> 0.4 %), these ions seems to exist in Mn3+ state.  

2. The magnetic moment, evaluated from magnetic susceptibility measurements of the glasses, increases 
from 5.51 to 5.64 µB with increasing concentration of MnO in the glass matrix up to 0.4 mol % and 
beyond this concentration the magnetic moment decreased from 5.64 to 4.57 µB. This result has been 
attributed to the fact that manganese ion exists mainly in Mn2+ state at 0.4 mol % and on further 
increase of MnO gradual conversion of manganese ions from  Mn2+ state  to Mn3+ state.  

3. The IR spectral investigations indicate that with the increase in the concentration of MnO ( > 0.4 
mol %)  in the glass matrix, a gradual increase in the concentration of Mn3+   ions that occupy 
octahedral positions and enhance disorderliness in the glass network.  

 
Summarising, the properties with optical absorption, ESR, IR and magnetic susceptibilities of PbO-ZnO -
B2O3: MnO glasses indicate that when the concentration of MnO in the glass network is low up to 0.4 
mol %,   manganese ion seems to exist mainly in Mn2+ state and occupy network forming positions and 
strengthen the glass structure; if the concentration is increased gradually ( > 0.4 mol %), these ions seems 
to exist mainly in Mn3+ state and occupy  modifying  positions and increase disorder in the glass network.  
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Fig.2: Scanning Electron Microgram of PbO-ZnO-B2O3: MnO 
glasses. 
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Fig. 5. Optical absorption spectra of PbO-ZnO-B2O3: MnO glasses. 
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Fig. 7 ESR spectra of PbO-ZnO-B2O3: MnO glasses 

 
 
 
 

Table-1: Summary of Data on Various Physical Parameters of PbO-ZnO-B2O3: MnO Glasses 
 

 
Property 

 
Glass M0 

 
Glass M1 

 
Glass M2 

 
Glass M3 

 
Glass M4 

 
Glass M5 

Density d ( g/cm3 ) 4.63 4.69 4.80 4.82 4.89 4.95 

Avg. mol. wt  M  132.218 132.221 132.223 132.226 132.229 132.231 

Mn ion  concentration 
Ni ( 1021 ions/ cm3 ) 

---- 4.27 8.75 13.2 17.8 22.5 

Inter ionic distance of 
Mn ions Ri ( Å ) 

--- 6.16 4.85 4.23 3.83 3.54 

Field Strength 
Fi ( 1015 cm-2 ) 

---- 3.24 5.23 6.87 8.4 9.83 

Polaron Radius 
rp ( 10-8 cm) ---- 2.48 1.96 1.71 1.54 1.43 
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Table-2: Summary of data on differential  thermal analysis of PbO-ZnO -B2O3: MnO glasses 

 
 
Glass 
 
 

 
Tg 

(K) 
 

 
Tc 

(K) 
 

 
Tm 

(K) 
 

 
(Tc-Tg) 

 
(Tm-Tc) 

 
(Tc-Tg)/ 
(Tm-Tc) 

M0 408 560 869 152 309 0.492 

M1 415 575 876 160 301 0.532 

M2 424 601 889 177 288 0.614 
M3 414 572 863 164 291 0.563 

M4 410 568 860 159 292 0.544 

M5 408 564 857 152 293 0.519 
 

Table-3: Summary of data on IR spectra of  PbO-ZnO-B2O3: MnO glasses 
 

Glass 
Sample 

Borate Groups 
PbO4  units 

cm-1 
ZnO4 units 

cm-1 BO3 
cm-1 

BO4 
cm-1 B-O-B cm-1 

M0 1362 1038 712 485 522 

M1 1365 1035 712 485 522 

M2 1373 1031 712 485 522 

M3 1369 1044 712 485 522 

M4 1358 1050 712 485 522 

M5 1350 1068 712 485 522 

 
Table-4: Summary of data on optical absorption spectra of  PbO-ZnO -B2O3: MnO glasses 

 
 

 
 

 
 
 
 
 
 
 
 
 
 
 
 
 

 
 

                         Glass � Mo M1 M2 M3 M4 M5 

Mn2+ transitions (nm)  
6A1g (S)               4T1g (G) ---- 403.14 403.14 403.14 ---- ---- 

6A1g (S)                  4T21g (G) ---- 419.8 419.8 419.8 ---- ---- 

6A1g (S)                   4A1g (G) ---- 510 510 510 ---- ---- 

 Mn3+ transition (nm) 

5Eg→
5T2g ---- ---- ---- 485-500 485-500 485-500 

Cut-off wavelength (nm)  382 379.3 377.7 382.8 383.8 385.9 

Optical band gap (eV) --- 3.06 3.08 3.05 3.04 3.03 
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Table-5: Data on magnetic properties of PbO-ZnO-B2O3: MnO glasses 

 
Glass Conc. of MnO (mol %) Susceptibility,  χ (10-5, emu) µ (µB) 

M1 0.2 21.3 5.51 
M2 0.4 14.8 5.64 
M3 0.6 7.2 5.31 
M4 0.8 3.6 4.74 
M5 1.0 2.5 4.57 
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