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Abstract: In order to investigate the significant modifications induced by incorporation of manganese ions in sodium-

zinc-phosphate glass matrix, a glass system of chemical formula 40P2O5-40ZnO-(20-x)Na2O-xMnO (where, x varied 

from 1 to 6 mol%) was prepared using the traditional melt quenching technique. The values of the glass density were 

increased and those of the molar volume were decreased by increasing the content of MnO. In addition, the 

concentration of manganese ions and the related field strength were increased while the corresponding inter-ionic 

spacing and polaron radius were decreased. The spectroscopic studies of all samples were carried out over (190-2500 

nm) spectral range. The optical transmission of the prepared glass in the visible-near IR spectral range is enhanced by 

increasing the MnO content where it reaches a maximum value of about 86% at concentration 3% of MnO. This 
excellent transmission in such spectral range suggested the use of the present glass in many technological applications 

such as optical filters, IR domes, modulators, laser windows and lenses especially for Nd:YAG lasers. The optical band 

gap energy and the Urbach energy were determined. The refractive index was found to be decreased by increasing the 

MnO concentration from 1% to 3% then increased by increasing the MnO concentration from 3% to 6%. Other related 

physical parameters such as dielectric constant, electric susceptibility, molar polarizibility and metallization criterion 

were evaluated. The results predicted the working of the present glass in the range of nonlinear optical materials.  
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I.         INTRODUCTION 
 

A wide range of attractive optical, thermal, mechanical, and other physical properties make glasses the most useful class 

of materials in which the practicality, reliability and low cost can be combined in accordance with the specific 

requirements. Recently, they are used essentially in many technologically important applications including optical 

fibers [1], laser hosts [2], vitrification of radioactive waste [3], and biomedical engineering [4]. Phosphate glasses are 

particularly interesting due to several superiorities over other glass formers such as typically borate and silicate glasses. 
Phosphate-based glasses have evidenced high electrical conductivity, high thermal expansion coefficient, low thermal 

conductivity and low dispersion. Besides, they have recorded low melting and softening temperatures along with strong 

glass forming character [5-8]. The network structure of phosphate glasses makes them suitable hosts to incorporate a 

larger extent of cations in order to obtain multicomponent glass matrices [9,10]. Nevertheless, low chemical durability 

and volatile nature of phosphate glasses restricted their uses in many technological applications against devitrification 

and moisture resistant. So, intensive works have been devoted to minimize such hygroscopic nature of phosphate 

glasses [11]. 

The properties of phosphate-based glasses in terms of structural, electrical and optical properties can be greatly changed 

by adding a precisely amount of some oxides as network modifiers in the glass matrix. Physical properties of the 

modified phosphate glasses to a large extent are controlled by structural effects and nature of bonds established within 

the vitreous network [12-14]. Phosphate glasses modified by alkali oxides such as Na2O are more stable due to several 

phosphate structural groups established during the reorganization processes causing compaction of the glass network 
[15]. In addition, high ionic conductivity can be predicted by such glasses [16]. Some metal oxides like Fe2O3, Al2O3, 

CaO, ZnO, etc., can be employed as good stabilizers when introduced into the P2O5 network leading to a noticeable 

increase in the chemical durability of phosphate glasses [17]. However, ZnO is well considered as a good modifier to 

enhance the chemical stability of phosphate glasses since Zn2+ ions produce appropriate structural effects which inhibit 

the hydration reaction [18]. Phosphate-based glasses containing transition metal ions are scientifically interesting 

materials due to their attractive properties which can be used in many technological applications including electronic 

and electro-optical devices [19,20]. Nevertheless, transition metal oxides can be dissolved easily in phosphate glasses 

forming several oxidation states within the glass matrix depending on the chemical composition of the glass system. On 

this basis, the produced glasses can acquire in many cases somewhat characteristic coloration which may be attributed 

to d-d electronic transitions [21]. 
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Among various transition metal ions, manganese (55Mn) is particularly attractive as it can exist in different valence 
states with different coordination in glass networks [22]. In borate glasses, manganese exists mainly as Mn3+ ions with 

octahedral coordination whereas in silicate and germinate glasses, it identified as Mn2+ ions with both tetrahedral and 

octahedral coordination [23]. The content of manganese in multivalent states occupying tetrahedral or octahedral sites 

in the glass matrix is controlled by the quantitative properties of glass formers and modifiers; ions size in the glass 

structure, magnitude of their field strength, mobility of the modifier cation, etc., [24]. Over the past few years, 

phosphate glasses containing manganese ions have been widely explored by a large number of investigations due to 

their structural, optical, and physical properties. The addition of manganese oxide in phosphate-based glass matrix have 

evidence of the formation of P—O—Mn bonds which replace the easily hydrosoluble P—O—P bonds which in turn 

improve the chemical durability of such glasses [25]. Mohan et al., have indicated that in phosphate-based glasses, 

manganese exists both as Mn2+ and Mn3+ valence states depending on the content of manganese oxide in the glass 

matrix [26]. At low concentration of manganese oxide, it was found that manganese ions are mostly identified as Mn2+ 

states which contribute network forming positions leading to an increase in the rigidity of the glass network. At higher 
concentrations of manganese oxide, these ions seem to be identified mostly as Mn3+ states which take the role of 

modifiers. Both Mn2+ and Mn3+ ions are found to exhibit paramagnetic role while Mn2+ ions is identified as 

luminescence activators. However, Mn2+ ions give a faint colour to the prepared glass but Mn3+ ions yield a deep purple 

colour. It must be noted that glasses melted under atmospheric conditions reveal two mixed states with the colour of the 

trivalent manganese is dominant [27]. 

In the previous study [28], the role of cadmium ions in sodium-zinc-phosphate glass matrix was investigated. The 

analysis indicated that the glass samples showed successive transparency in both visible and near-IR ranges of spectrum 

until 2500 nm with relatively high transmission. The results suggested the practicality employing such glass in 

manufacturing optical supplies and optical windows used for Nd:YAG lasers. The aim of the present study is to 

characterize the intrinsic and extrinsic modifications induced by manganese ions in the phosphate glass network. A 

series of manganese-sodium-zinc-phosphate glasses with the chemical composition 40P2O5-40ZnO-(20-x)Na2O-xMnO 
(where, x = 1, 2, 3, 4, 5 and 6 mol%) have been suggested. Consequently, the influence of manganese on the physical 

and optical properties of the proposed glass system has to be explored. 

 

II. EXPERIMENTAL PROCEDURE 

 

In the present work, a glass matrix with chemical composition of 40P2O5-40ZnO-(20-x)Na2O-xMnO (where, x = 1, 2, 3, 

4, 5 and 6 mol%) was prepared by the conventional melt quenching method. High grade reagents of NH4H2PO4 

(ammonium dihydrogen orthophosphate), ZnO (zinc oxide), NaCO3 (sodium carbonate) and MnO (manganese oxide) 

were used as starting materials. Weighing the appropriate amount of the chemicals and grinding carefully with each 

others in a mortar pestle for 30 minutes. The mixture is taken in a porcelain crucible and placed in a muffle furnace 

regulated at 260±5 oC for one hour to release the residual gases such as CO2 and NH3. Then the crucible was introduced 

to the melting furnace of 1000±5 oC and let to melt for one hour. During melting, the crucible was rotated several times 
to obtain the maximum homogeneity of the mixture. Finally, the melt was immediately taken and casted inside the 

muffle furnace at 260±5 oC using stainless steel mould with pressing plate by which thin disks of diameters ≈ 2.75 cm 

are obtained. The prepared samples were annealed at 260±5 oC for one hour then the furnace is switched off and left to 

reach the room temperature. The annealing step is important to reduce the internal strains and cracks that might be 

remained within the glass during the quenching process. The density of the prepared glass samples was determined at 

the room temperature using the ordinary Archimedes’ technique, with toluene as an immersion liquid of steady density 

(0.868 g/cm3) as [29]: 

𝜌 =
𝑊𝑎𝑖𝑟

(𝑊𝑎𝑖𝑟 −𝑊𝑙𝑖𝑞 )
 𝜌𝑜             (1) 

 

Where, Wair and Wliq are the weights of the sample in air and in liquid respectively. The molar volume was calculated 

using the data of molecular weight, M and density, ρ as [29]: 

𝑉𝑀 =
𝑀

𝜌
         (2) 

 
 

III. RESULTS AND DISCUSSIONS 

 
3.1 XRD Examination: The prepared samples have been investigated by X-ray diffraction (XRD) technique to 

examine their glass formability. The diffraction data were recorded versus 2θ values between 4o and 70o as shown in 

Fig. 1. The results of all samples with different contents of MnO showed diffuse scattering while no sharp peaks were 

detected. The absence of Bragg’s peaks confirms the non-crystalline nature of the prepared samples. 
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Fig. 1 XRD pattern for the glass samples. 

 

3.2 Density and Molar Volume Measurements: The change in chemical composition in the glass matrix would have a 

potential effect on the density of the obtained samples. Besides, the spatial distribution of the ions within the glass 
network might be influenced leading to a probable change in the molar volume. Therefore, determination of the density 

and molar volume of the prepared glass samples is highly important in order to understand the structural changes and 

demonstrate the ordering of the building units in the glass network. Equations (1) and (2) were used to calculate the 

density, ρ and molar volume, VM of the glass samples respectively. The experimental values of the density and the 

corresponding molar volume as a function of MnO concentration are listed in Table 1. The data indicate that, by 

increasing the content of MnO, the density is linearly increased from 2.753 gm/cm3 to 2.925 gm/cm3 while the molar 

volume is found to linearly decreased from 36.984 cm-3 to 34.963 cm-3 as depicted in Fig. 2. The increase in density 

seems to be qualitatively matched with that predicted by the change in chemical composition where the lower density 

Na2O (2.27 gm cm-3) is replaced by the higher density MnO (5.43 gm cm-3) [30]. On the other side, the decrease in 

molar volume seems most likely related to the structural changes comes with the replacement of Na2O by MnO in the 

glass matrix. This can be interpreted by the formation of Mn—O bonds with a covalent nature higher than that of Na—
O bonds. Consequently, bond linkages of the type P—O—Mn are created as interconnections which reticule the 

phosphate network and leading to close the vitreous structure [31]. Furthermore, one should expect that phosphate glass 

is strengthened when MnO is incorporated due to the replacement of P—O—P bonds by more P—O—Mn bonds [32]. 

 

Table 1 Experimental values of physical parameters of the prepared glass samples. 

Sample 

Code 

Density              

(g/cm
3
) 

Molar Volume 

(cm
3
/mole) 

Ionic concentration 

10
20

 (ion/cm
3
)  

Mn-Mn 

Spacing (A
o
) 

Polaron radius 

(A
o
) 

Field strength 

10
14

 (cm
2
) 

PZNM 1 2.753 36.984 1.629 18.312 7.378 3.674 

PZNM 2 2.782 36.631 3.289 14.488 5.838 5.869 

PZNM 3 2.814 36.246 4.986 12.612 5.082 7.745 

PZNM 4 2.851 35.807 6.728 11.412 4.598 9.459 

PZNM 5 2.887 35.392 8.509 10.554 4.252 11.062 

PZNM 6 2.925 34.963 10.336 9.890 3.985 12.593 

 

The ionic concentration of manganese and other related significant parameters can be calculated using the following 

relations [33]:  
 

Ionic concentration,   𝑁(𝑖𝑜𝑛𝑠/𝑐𝑚−3) =
(𝐴𝑣𝑜𝑔𝑎𝑑𝑟 𝑜 ′𝑠 𝑁𝑜 .)  (𝑚𝑜𝑙𝑒 % 𝑜𝑓  𝑐𝑎𝑡𝑖𝑜𝑛 )  (𝑔𝑙𝑎𝑠𝑠  𝑑𝑒𝑛𝑠𝑖𝑡𝑦 )

(𝑔𝑙𝑎𝑠𝑠  𝑎𝑣𝑒𝑟𝑎𝑔𝑒  𝑚𝑜𝑙𝑒𝑐𝑢𝑙𝑎𝑟  𝑤𝑒𝑖𝑔 𝑕𝑡)
                 (3) 

 

Mean spacing between manganese ions,  𝑟𝑖(𝐴
𝑜) =   1/𝑁 

1

3                                                            (4) 
 

Polaron radius,  𝑟𝑝(𝐴𝑜) =  
1

2
 𝜋/6𝑁 

1

3                                                                                               (5) 

 

Field strength,   𝐹(𝑐𝑚2) =  𝑍/𝑟𝑝
2                                                                                                     (6) 
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Where, Z is the valence of manganese ions. The calculated values of ionic concentration, mean spacing between 
manganese ions, polaron radius and field strength as a function of MnO content are listed in Table 1. The calculated 

values of mean Mn—Mn spacing and polaron radius are found to be decreased by increasing MnO concentration. This 

is most likely related to a decrease in the activation energy when MnO is incorporated [34]. It can be clearly indicated 

that the calculated values of the polaron radius are smaller than that of the mean Mn—Mn spacing for all batches as 

depicted in Fig. 3. However, the decrease in the polaron radius indicates an increase in the polarizability of a material. It 

can be indicated that both ionic concentration and field strength are increased by increasing MnO concentration which 

seem to be related to the decrease in Mn—Mn spacing. By increasing content of MnO, higher values of field strength 

around the manganese ions are generated which might be responsible for the shortening of phosphate chain length 

leading to stabilizing the glass structure [32]. 
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Fig. 2 Density and molar volume as a function of MnO content. 
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Fig. 3 Variation of manganese ions separation and polaron radius for different MnO contents. 

 

3.3 Optical Absorption/Transmission Studies: The optical spectroscopic studies have been achieved over UV-visible-

near IR spectral range in the wavelength interval of (190 – 2500 nm). The optical absorption of the glass samples is 

very helpful to study the electronic transitions and figure out the band structure in amorphous materials. However, the 

absorption spectra of the prepared samples can be used to calculate the corresponding absorption coefficient as a 

function of the photon wavelength according to relation [35]: 

 

𝛼 𝜆 = 2.303 ( 𝐴/𝑡)                                                                                                     (7) 

 
Where, A is the absorbance and t is the thickness of the glass sample. Fig. 4 shows the wavelength dependence of the 

absorption coefficient near and below the fundamental absorption edge for different contents of MnO. It is quite clear 
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that there are no sharp absorption edges which confirm the amorphous nature of the prepared glass samples [36]. It can 
be observed that the absorption due to the glass samples is decreased by increasing the concentration of MnO from 1% 

to 3% then the absorption is increased for higher concentrations of MnO till 6%. Nevertheless, the absorption edge is 

found to be shifted towards lower wavelength by increasing the concentration of MnO from 1% to 3% then it exhibit a 

red shift at higher concentrations of MnO till 6%. This seems to be related to the change in glass composition which 

suggested that manganese ions play a dual role when MnO is incorporated in the glass matrix. Such duality can be 

explained throughout the determination of the optical band gap energy since it provides a picture of the band structure 

within the prepared glass samples. 
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Fig. 4 Absorption coefficient of the prepared glass as a function of MnO content.. 

 

According to the relations proposed by Mott and Davies, the optical band gap energy, Eg can be determined in the high-

absorption region as [37,38]: 
 

𝛼𝑕𝜈 = 𝐵 (𝑕𝜈 − 𝐸𝑔)𝑛                                                                                     (8) 

 

Where, B is constant and n is an index associated to the mechanism of inter-band electronic transitions. In the above 

equation the value of n = 1/2 , 2 , 3/2 or 3 according to direct allowed transitions , indirect allowed transitions , direct 

forbidden transitions or indirect forbidden transitions respectively. It is convenient to take n = 2 when dealing with 
glassy state referring to indirect absorption mechanism in which the interactions with lattice vibrations is involved [28]. 

Therefore, the optical band gap can be evaluated by plotting of (𝛼𝑕𝜈)½ versus 𝑕𝜈 as shown in Fig. 5. The plots are 

observed to be linear near the fundamental absorption edge in the region of strong absorption hence, the optical band 

gap can be determined by extrapolating the linear portion of the graph to (𝛼𝑕𝜈)½ = 0. The experimental values of the 

optical band gap are listed in Table 2.   

 

 
Fig. 5 Determination of the optical band gap energy. 

Nevertheless, the glass system is exposed to a remarkable degree of disorder caused by the absorption of photons 

having energies less than that of the band gap due to existence of some localized states inside the energy gap [5]. Such 
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localized states constitute what is so called band tails within the energy gap that can be estimated by Urbach energy, ΔE 
using the Urbach rule [37]: 

 

𝛼 = 𝛼𝑜  exp⁡(𝑕𝜈/Δ𝐸)                                                                              (9) 

 

Where,  𝛼 is the absorption coefficient , 𝛼𝑜  is constant. As shown in Fig. 6, ΔE can be easily determined from the 

logarithmic plots of the absorption coefficient versus 𝑕𝜈 and taking the reciprocal value of the slope associated the 

linear region. The experimental values of the Urbach energy are listed in Table 2. The Urbach energy and optical gap 

energy have opposite trends as shown in Fig. 7. By increasing the MnO concentration from 1% to 3%, the Urbach 

energy is decreased from 0.551 eV to 0.477 eV and the optical gap energy is increased from 3.57 eV to 3.86 eV. For 
higher MnO concentrations after 3% to 6%, the Urbach energy is increased from 0.477 eV to 0.563 eV and the optical 

gap energy is decreased from 3.86 eV to 3.54 eV. This can be explained on the basis that when a substance works as an 

intermediate (i.e., take a character of network former); the optical band gap is increased and when the substance acts as 

a modifier; the optical band gap is decreased [39]. However, manganese ions can occur in several valence states with 

several coordinations in the glass network. They exist both as Mn2+ and Mn3+ valence states depending on the content of 

manganese oxide in the glass matrix as mentioned by an earlier work of Mohan et al., 2008 [26]. At low concentration 

of manganese oxide, manganese ions are mostly identified as Mn2+ states which contribute network forming positions 

and their increase on the expense of Na2+ modifier ions causes a decrease the localized states within the energy gap as 

determined by ΔE. Hence, the optical gap energy is found to be increased. At higher concentrations of manganese 

oxide, manganese ions seem to be identified mostly as Mn3+ states which work as network modifiers causing some 

structural changes leading to an increase of the localized states within the energy gap as observed by ΔE. Hence, the 

optical gap energy is found to be decreased. This is agreed with the observed behavior of the absorption edge 
previously mentioned. 

 

Table 2 Optical gap energy, fundamental absorption edge and Urbach energy for the glass samples. 

Sample 

Code 

Optical Gap  

Energy (eV) 

Fundamental 

Absorption Edge (nm) 

Urbach  

Energy (eV) 

PZNM 1 3.57 347 0.551 

PZNM 2 3.69 335 0.495 

PZNM 3 3.86 321 0.477 

PZNM 4 3.76 329 0.512 

PZNM 5 3.61 343 0.541 

PZNM 6 3.54 350 0.563 
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Fig. 6 A representative example for determination of Urbach energy. 

 

 



IARJSET 
ISSN (Online) 2393-8021 

  ISSN (Print) 2394-1588 
 

  
International Advanced Research Journal in Science, Engineering and Technology 

 
Vol. 5, Issue 12, December 2018 

 

Copyright to IARJSET                                                DOI  10.17148/IARJSET.2018.5127                                                                       49 

 

1 2 3 4 5 6

0.46

0.48

0.50

0.52

0.54

0.56

0.58

0.60

MnO %mol

U
rb

a
c

h
 e

n
e

rg
y
 (

e
V

)

 Refractine index

3.44

3.52

3.60

3.68

3.76

3.84

3.92

4.00

E
n

e
rg

y
 g

a
p

 (e
V

)

 Energy gap

 
Fig. 7 Optical gap energy and Urbach energy as a function of MnO content. 

 

On the other hand, the optical transmission of the prepared glass samples has been recorded over UV-visible-near IR 

spectral range in the wavelength interval of (190 – 2500 nm). Fig. 8 shows the wavelength dependence of the 

transmittance of the prepared glass samples for different contents of MnO. A general increase in the transmittance is 

observed by increasing the concentration of MnO from 1% to 3% then the transmittance is decreased for higher 

concentrations of MnO till 6%. This can be explained in view of the structural changes in the glass network where the 
optical transmission of the glass is oppositely related to the absorption behavior. Comparing the present data with that 

of the previous work [28], it can be observed that the transparency of the prepared glass in the visible-near IR spectral 

range is improved where it reaches a maximum value of about 86% at concentration 3% of MnO. With such higher 

transmission, the present glass is suggested to join the family of new glasses which can be used effectively in different 

optical applications such as optical filters, IR domes, modulators, lenses and laser windows especially for Nd:YAG 

lasers because their fundamental and second harmonic modules of typically emit light in IR-range of 1064 nm and 

visible range of 532 nm respectively. 
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Fig. 8 Transmission spectra for the glass samples with different CdO content. 

 

3.4. Refractive Index: The refractive index is an important physical parameter when dealing with glass systems due to 

its significant effect on the interaction of light with the material constituents. The refractive index, n is related to the 

optical gap energy through Lorenz–Lorenz equation as [40,41]: 

  

𝑛2−1

𝑛2+2
= 1 −  

𝐸𝑔

20
                                                                                            (10) 
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Where, Eg is the band gap energy. The calculated values of the refractive index for different contents of MnO are listed 
in Table 3. The data reveal a decreasing trend followed by an increase in the refractive index by increasing MnO 

concentration as shown in Fig. 9. This can be explained in view of the structural modifications produced due to the 

compositional change in chemical formula of the glass when MnO is incorporated. It turns out that the refractive index 

is decreased by increasing the MnO concentration from 1% to 3% where manganese acts as intermediate (i.e., share as 

network formers) then the refractive index is increased by increasing the MnO concentration from 3% to 6% where 

manganese takes up the role of a modifier. Nevertheless, the change in refractive index causes changing of the velocity 

of light passing through the materials influencing their overall transmittance. Hence, the optical transmission the glass 

can be expected in the view of refractive index evaluation [42]. In other words the lower the value of refractive index, 

the higher the optical transmittance of the glass; and this agrees well with the results indicated by the transmission 

spectra of the present glass samples. 

 

Table 3 Refractive index, Dielectric constant, electric susceptibility, molar polarizability and   
Metallization criteria for different MnO concentrations. 

Sample 

Code 

Refractive 

index 

Dielectric 

constant 
RM/VM 

Electric 

susceptiblity 

Molar 

polarizability (A
o 3

) 

Metallization 

criteria 

PZNM 1 2.26 5.10 0.578 0.326 8.472 0.422 

PZNM 2 2.23 4.98 0.570 0.317 8.288 0.430 

PZNM 3 2.20 4.83 0.561 0.305 8.061 0.439 

PZNM 4 2.22 4.92 0.566 0.312 8.044 0.434 

PZNM 5 2.25 5.06 0.575 0.323 8.074 0.425 

PZNM 6 2.27 5.13 0.579 0.329 8.033 0.421 
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Fig. 9 The compositional dependence of refractive index of the prepared glass. 

 

3.4. Dielectric Constant, Electric Susceptibility and Polarizibility 

 

The dielectric constant can be calculated from the refractive index using the relation [43]: 
 

𝜖 = 𝑛2                                                                                         (11) 
 

The electric susceptibility measures the degree of polarization of a material when exposed to an external electrical field 

and can be given as [44]: 
 

𝜒 =
(𝑛2−1)

4𝜋
                                                                         (12) 

 

The molar refraction measures of the total polarizability of one mole of a material and can be calculated in terms of 

refractive index and molar volume as [45]: 
 

𝑅𝑀 =
𝑛2−1

𝑛2+2
 𝑉𝑀                                                                               (13) 

Using Lorenz–Lorenz formula, the molar polarizability of the material can be evaluated as [45]: 
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𝛼𝑀 =
3

4𝜋𝑁𝐴
𝑅𝑀                                                                             (14) 

 

Where, NA is the Avogadro’s number. The calculated values of the dielectric constant, electric susceptibility and molar 
polarizability are listed in Table 3. The evaluated values are found to be mainly influenced by the change in the 

chemical composition of the glass. This seems to be related to structural modifications due to the replacement of Na2O 

by MnO. 

 

3.4. Metallization Criterion: Metallization criterion is an important parameter to investigate the non-metallic nature of 

materials hence it can be employed in order to examine the insulating behavior of the prepared glass. Herzfeld theory of 

metallization in the condensed matter implies that if RM/VM ≥1 then the material is expected to have a metallic nature 

and if RM/VM ≤1 then the material have to be non-metallic in nature [46]. It is clear that the present glass samples have a 

non-metallic nature as indicated in Table 3. Moreover, the decrease in RM/VM value implies that the width of both 

valence and conduction bands becomes small leading to large band gap and vice versa. The metallization criteria in 

terms of the molar refraction and molar volume can be calculated as [47]: 
 

𝑀 = 1 − (𝑅𝑀 𝑉𝑀)                                                                              (15) 

 

The experimental values of metallization criterion are listed in Table 3 and depicted in Fig. 10. Dimitrov and Sakka [48] 

have reported that materials with metallization criterion of approximately 0.30–0.45 are promising due to their 

nonlinear optical behavior. The present glass samples showed a metallization criterion of approximately 0.421–0.439 

which introduces them as a new member in the family of nonlinear optical materials. 
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Fig. 10 Metallization criterion of the prepared glass. 

 

CONCLUSION 

 

A glass system of chemical formula 40P2O5-40ZnO-(20-x)Na2O-xMnO (where, x varied from 1 to 6 mol%) has been 

prepared using the conventional melt quenching technique. The amorphous nature of the prepared glass is examined by 

the XRD technique. The values of the density are increased from 2.753 gm/cm3 to 2.925 gm/cm3 and those of the molar 

volume are decreased from 36.984 cm-3 to 34.963 cm-3 by increasing the content of MnO. The calculated values of the 

polaron radius are smaller than that of the mean Mn—Mn spacing for all batches. The decrease in the polaron radius 

implies an increase in the polarizability of a material when MnOis incorporated. Furthermore, the field strength around 

the manganese ions is increased leading to shortening of phosphate chain length which stabilizes the glass structure. 

The absorption studies indicate shifting of the absorption edge towards lower wavelength by increasing the 

concentration of MnO from 1% to 3% then it exhibit a red shift at higher concentrations of MnO till 6%. The optical 
transmission of the prepared glass in the visible-near IR spectral range is enhanced by increasing the MnO content 

where it reaches a maximum value of about 86% at concentration 3% of MnO. This excellent transmission in such 

spectral range suggested the use of the present glass in many technological applications such as optical filters, IR 

domes, modulators, laser windows and lenses especially for Nd:YAG lasers. The optical band gap is found to be ranged 

between 3.56 eV and 3.54 eV. The refractive index is decreased by increasing the MnO concentration from 1% to 3% 

then increased by increasing the MnO concentration from 3% to 6%. The data of metallization criterion reveals non-
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metallic nature of the prepared samples. Moreover, the results predicted the working of the present glass in the range of 
nonlinear optical materials.  
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