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Abstract

In the present study, the optical characterization of borate glasses with composition 35Li,0 — 10ZnO - 55B,0; —xMnO,:
x=0,0.5, 1.0, 1.5, and 2.0 wt% has been investigated. The absorption spectra measurements within the wavelength domain
200-1000 nm have been carried out. The optical energy gap of the investigated samples using the absorption spectrum fit-
ting (ASF) model has been calculated. The molar refraction, molar polarizability, reflection loss, optical transmission for
the samples were estimated. The metallization criterion, dielectric constant, refractive index, and energy band metallization
criterion for the studied glasses were estimated. Magnetic property measurements for all glass samples were carried out
at 300 K. Additionally, the prospects of gamma-ray interactions with the investigated glasses have been achieved through
studying the total mass attenuation, coherent, Compton, photoelectric, and pair production interactions at photon energy in
the range of 0.356—1.330 MeV. Results reveal that the optical and magnetic properties of the investigated glasses change with
changing the MnO, concentration. Studied glasses can be used as a candidate for optical fiber and optical devices applica-
tion. In the other hand, at lower gamma photon energy range, the photoelectric absorption dominates with the glasses, while
as the energy increases, the probability of Compton scattering and pair production become the most dominate interactions.
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Introduction

Currently, in medical, industrial, and academic applications,
glasses containing transition metal oxides have great inter-
est and more attractive [1-8]. Most of the previous stud-
ies confirm that the optical characterization of this type of
glasses may be changed with addition of different transition
metal oxides with different concentrations. Oxide glasses
have growing importance due to their application in low-loss
optical fibers, as the dispersion properties changed with the
composition. In the other hand, dispersion measurements are
important in the designing of high bandwidth infrared opti-
cal fibers and optical communication devices [9]. It is known
that boron (B), phosphorous (P), and silicon (Si) oxides
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considered as the typical glass forming oxides, and they have
high potential for technological applications. Borate glasses
considered as one of the most attractive, brilliant, and pre-
ferred host glass former materials. It is a prime constituent
of numerous large volume industrial glasses [10—13]. This is
because, when alkali oxides add to the covalent boron oxide
amorphous system, a significant change will be occurred,
resulting in the creation of anionic sites that accommodate
the modifying alkali cations [14, 15].

Previously, borate glass doped with MnO, has been pre-
pared [1]. FTIR, XRD, and the optical properties including
the optical energy gap, Urbach’s energy, refractive index,
optical conductivity for these glasses have been studied [1].

The main objective of the current work is to:

1. Investigate the optical characterization of borate glasses
with composition 35Li,0 —10ZnO — 55B,0; —xMnO,:
x=0, 0.5, 1.0, 1.5, and 2.0 wt% and this achieved by;

i. Measuring the absorption spectra within the
wavelength domain 200-1000 nm.
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ii. Estimating the optical energy gap of the inves-  Mass attenuation coefficient and probability
tigated samples using the absorption spectrum  of y-interaction
fitting (ASF) model.

iii. Calculating the molar refraction, molar polariz- In nuclear shielding, the fundamental physical quantity is the
ability, reflection loss, and optical transmission  mass attenuation coefficient (u/p) which used to produce the
for the samples. other photon interaction parameters such as effective atomic

iv. Estimating the metallization criterion, dielec-  number, half value layer. For any material, u/p can be evalu-
tric constant, refractive index, and energy band  ated by the mixture rule given by [16]:
metallization criterion for the studied glasses.

n/p= ZW;(M/p)i (1
2. Study the magnetic property of the studied glasses. i

Investigate the prospects of gamma-ray interactions
with the investigated glasses and this achieved through
studying the total mass attenuation, coherent, Compton,
photoelectric, and pair production interactions.

Samples and calculations

The investigated glass samples in this study were prepared
before and adapted from [1]. The density (p) of glasses was
measured by Archimedes’ principle using a digital balance
and toluene with density 0.86 gm/cm® as an immersion
liquid at room temperature. The accuracy of the measure-
ments was approximately +0.01 gm/cm?®. Molar volume
(V,,) of each glass has been calculated by using its density
and molecular weight. Densities and molar volumes for pre-
sent glasses are listed in Table 1. In this study, the optical
measurements which are obtained by JASCO UV-Vis—NIR
double-beam spectrophotometer model V-570 in the range
of 200-1000 nm wavelength are used to investigate many
of important optical characterization of the glass samples.
Magnetic property measurements for all glass samples were
carried out at 300 K with a vibrating sample magnetometer
(VSM 7400 Lakeshore, Max field =20 kOe, USA).

Table 1 Density (p), molar volume (V,,)), optical energy band gap (ETauc and

where w; is the weight fraction of element i and (u/p); is the
mass attenuation coefficient of the ith element. In this study,
the w/p for the studied glasses was determined by the XCOM
program [17].

According to knowledge of nuclear physics, gamma
photon interacts with the medium by three main processes,
namely photoelectric effect (z), Compton scattering (¢), and
pair production (x). The total linear attenuation coefficient
(u) which expressed to the total probability of the interaction
is equal to the sum of the partial probabilities of the different
processes [18]:

U=17+o0o+kK 2)

The probability of occurrence for these interaction pro-
cesses can be derived from the following g relations:

(em™) = cN< )[1 -f(2)].

o(cm™) = NZf(E,),
x(cm™") = NZ*f(E,,Z)

3

where c is a constant coefficient, independent of Z and E],.
Parameters a and b are constants with values between 3 and
5 depending on gamma energy. N is atomic density, and Z is
atomic number. The probabilities of y-ray interaction with
the studied glasses have been calculated theoretically using
XCOM program [17].

EASF eV), and refractive index (n) via Tacu’s and ASF methods for

glass samples in the system (35Li,0 —10ZnO — 55B,03) +xMnO,: 0 <x<2 wtgfp) glasses

xMnO, Density (p) Molar volume (V,,) ET?J“C (eV) via Tauc’s EASF (eV) via ASF Refractive index, n
(Wt%) x= (£0.01 g/cm3) (cm’/mol) method [1] method [present work]
Indirect Direct Indirect Direct Tauc’s method ASF method

0.0 2.9412 19.3725 2.91 3.25 2.85 3.23 2.4217 2.4386

0.5 2.9367 19.51861 3.13 331 3.1 3.34 2.3629 2.3706

1.0 2.9319 19.6984 2.93 3.28 2.97 3.28 2.4161 2.4052

1.5 2.9287 19.6984 2.90 3.26 2.95 3.24 2.4245 2.4106

2.0 2.9257 20.0372 3.07 3.29 3.04 3.31 2.3784 2.3863
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Fig.1 Variation of  density and molar  volume  of
35Li,0 —10ZnO - 55B,0; —xMnO,: x=0, 0.5, 1.0, 1.5, and 2.0 wt%
glass system with MnO, concentration

Results and discussion
Density and molar volume

Figure 1 depicts the variation of density (p) and molar vol-
ume (V,,) with different MnO, concentrations in the glasses.
The decrease in the glass density is most likely due to lower
atomic mass of Mn ions as compared to Zn in glass sys-
tem. Therefore, decreased oxygen packing density makes
the structure more compact and this result decreasing of the
bridging oxygen number [19]. Also, Fig. 1 shows that molar
volume of the samples has an exactly opposite behavior to
that of density. The rate of change in molar volume mainly
depends on the rates of change of both molecular weight and
density. With increasing MnO, concentration, the molecu-
lar weights decrease due to addition of some lighter Mn*?
ions and the density decreases and this is accompanied by
increase in molar volume.

Optical characterization
UV-visible spectra

Figure 2 demonstrates the measured optical absorption spec-
tra for the investigated glasses. It is clear to notice that the
broad absorption band around 475 nm, which is assigned to
the transition 6Alg S —>4T1 ¢ (G) of Mn?*ions [20]. In addi-
tion, the absorbance of this absorption band enhanced with
increasing MnO, concentration in the glass samples which
could be due to relatively large average distance between
Mn** ions [21].

The optical energy gap <E3'S):> and refractive index (n)

In the present work, the absorption spectrum fitting (ASF)
model [22, 23] has been applied to calculate the optical
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Fig.2 UV-visible spectra of the studied glass system

energy band gaps ES;F_ for the investigated glasses using the

measured UV-absorption spectra. This method is character-
ized by the calculation of the optical gap energy of the sam-
ples can be achieved without need to thickness measure-
ment. The calculation mainly only depends on an absorbance
data of the samples. Mott and Davis [24] have modified
Tauc’s formula [25] for the optical absorption coefficient
a(w) to be written as:

a(w)ho = K (ha) - Eggf )m )

Beer-Lambert’s law is used to calculate a(w). G, hiw, and

ESSE are a constant, the incident photon energy, and the band

gap energy. The optical transition type can be characterized
by the power (m), where m=0.5 and 2, respectively, for
allowed direct and indirect transitions [26]. Alarcon et al.

[22], Souri and Shomalian [23] have expressed for the opti-

EASF

opt ) as a function of incident photon wave-

cal gap energy (

length /Iggf as:

EASF _ hc _ 1239.83
Opt = JASF T ASF ®)
Opt. Opt.

Figures 3 and 4 illustrate the variation of (absorbance/
wavelength)” 2 and (absorbance/wavelength)2 with (wave-
length)™! for indirect and direct transitions, respectively.
The obtained values of Eggf are calculated and listed in

Table 1. These values are close to which obtained by
using Tauc’s model in the previous work [1]. Results
reveal that the Eégf for direct and indirect transitions for
the samples changed with the variation of MnO, wt%.
This variation in optical band gap after adding the Mn to
the glass matrix is because of the Mn defects within the
bands [27]. These Mn?* defects will result in the absorp-
tion of incident photons. Therefore, the band gap is
affected due to the strong internal forces. The electrons
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Fig.4 Variation of (A/A)? with A~! for all investigated glasses

are liable for the transition between the valence and con-
duction bands but need greater energy to leap [1].

Figure 5 shows a comparison between ES;F values for

direct and indirect cases, one obvious that the values for
direct case are higher than that for indirect case.

Using the obtained values of the optical energy gap
Eégf, refractive index (n) of the glass system was calcu-
lated by the following equation [28, 29] and collected in
Table 1:

(6)

Results revealed that the refractive index of all glasses
is high, and they become more interesting and potential
candidates for optical filter materials and optoelectrical
devices.
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Fig.5 Variation of optical energy gap with MnO, concentration in
ASF and Tauc’s models

(Rw), (@), (R), and ()

The degree of the total polarizability per unit mole is defined
as the molar refraction (R)) of material. The (R,) relates to
molar volume (V) and index of refraction (n) via Lorentz-
Lorenz equation [30, 31]:

Rm=<nz—l>Mglass =<nz—1>vm (7)
n’+2 Pglass n’+2

where py,  and My, are the density of the glass sample and
the molar mass, respectively. The (R,,) for the glasses was
calculated using Eq. (7) and listed in Table 2. The electronic
polarizability (a,,) of a molecule gives the magnitude of

electrons responding to an electric field can be expressed as
a function of molar refraction as in Eq. (8) [32, 33]:

Rm

U = 555 ®
The values of (a,,) are calculated and listed Table 2.

Figure 6 plots the relation between (R,,) and (a,,) as a func-

tion of MnO, concentration in the studied glass system. It

is clear that (R,,) and (a,,) have the same behavior for the

investigated glass samples.

Reflection loss (R,), and optical transmission (7)
The reflection loss (R; ) and optical transmission (7) for the

studied glasses were estimated by using Eqgs. (9) and (10),
respectively, and tabulated in Table 2.

n—1\2
R = )
L <n+1 ©)
2n
T =
nz+1 (10)



Journal of Theoretical and Applied Physics (2019) 13:155-164 159

Table2 Molar refraction (R,,), electronic polarizability (a,,), reflection loss (R;), optical transmission (7) for glass samples in the system
(35Li,0 —10Zn0 - 55B,03) +xMnO,: 0<x <2 wt%) glasses

xMnO, Molar Electronic Reflec- Optical Metallization Dielectric  Refractive index- Energy gap-based
(Wt%) refraction  polarizability tion loss  transmis- criterion (M) constant based metallization me(%}jgla)ion criterion
Xx= R,) (0, X 1072* cm?) (R sion (T) (e) criterion M (n) M\"s
0.0 13.7954 5.4743 0.1750 0.7020 0.2878 5.9471 0.3774 0.3774
0.5 13.6217 5.4054 0.1653 0.7162 0.3021 5.6200 0.3937 0.3937
1.0 13.8919 5.5126 0.1702 0.7089 0.2947 5.7849 0.3853 0.3853
1.5 14.0166 5.5621 0.1710 0.7078 0.2936 5.8113 0.3840 0.3840
2.0 14.0513 5.5759 0.1676 0.7129 0.2987 5.6948 0.3898 0.3898
14.1 5.6 0.304 6
|4.|l;: : ;;Z ) ;': 0.302 is9s
13.95 £ 5.54 7% s 03 59 £
139 ;;2 e 2 15855
~ U'SSE- 5.48 NS 5 0296 F TUE
l‘”j —©—Molar refraction 546 7 § 0294 58 3
13.75 E o 544 = = e 5 7_':
13.7 —B-Molar Polarizability 5.42 So202f 5. ’§
13.65 54 = ook 57 2
13.6 . L . 5.38 s a
0 0.5 1 15 2 25 = 0.288 565
MnO, (Wt%) 0.286 L L L : 5.6
0 0.5 1 15 2 25

MnO, (Wt%)
Fig.6 Variation of R,, and o, for all glasses with MnO, concentra-

tion Fig.8 Variation of M and ¢ for all glasses with MnO, concentration

0.176 0.718
q . .
0174 F 10716 = lic nature [35, 36]. The values of (M) for the studied glasses
7 jo714 . ) .
F0am2 o2 3 were obtz?lned by subtracting the ratio (R /V,) by 1 [37].
2 o1 E The dielectric constant (¢) for the present glasses was
2 017 E 0.708 § calculated by £ = n2[38]. The values of (M) and () are cal-
< 0168} 310706 3 culated, tabulated in Table 2 and depicted versus the MnO,
I~ —©—Reflection loss 30.704 = . . .
0.166 . . 2 concentration as shown in Fig. 8. Results reveal that the
i -B-optical transmission J0.702 © . o e . ]
0.164 . : : . 07 behavior of metallization criterion and dielectric constant
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for the present glass system is inversely with MnO, content.
Mn02 (Wt%) ASF . . . .
M (n) and M EOpt are the metallization criterions based

on index refraction and optical energy band gap, respec-

Fig.7 Variation of R; and T for all glasses with MnO, concentration . K .
tively. These two optical properties have been calculated

o using [37]:
The variation of these parameters versus MnO, concen-
tration is depicted in Fig. 7. Results confirm that R and T, =1~ < n?—1 ) (11
have an opposite behavior with MnO, content. n?+2
ASF \ 1/2
M), (), M n,andM(EASF> Eopt
(M), (), M (n) Opt. M(Eégf) - 2(1;& (12)

In order to estimate the tendency of metallization and to inves-
tigate the insulating behavior of the studied glasses, metalliza-
tion criterion (M) is calculated theoretically according to the
metallization theory for condensed matter as Herzfeld [34].
In this theory, predicting of the metallic nature or otherwise
of solids depends on the necessary and sufficient condition

The values of M (n) and M (Eégf ) for the present system

were calculated, listed in Table 2, and plotted versus MnO,
concentration in Fig. 9. Figure 9 shows that both the M (n)

and the M (Egsf ) have the same trend, enhancing with the

which is 5—"‘ > 1 for metallic nature and 5—"‘ < 1for non-metal-

m m

increasing MnO, content. This indicates a decreasing chance
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of metallization in the electronic structure of the studied
glass system with increasing MnO, content.

Magnetic property of the studied glasses
Figure 10 displays the magnetization (M) as a function of

magnetic field (H) of 35Li,0 —10ZnO — 55B,0; +xMnO,
(where x=0, 0.5, 1.5, 2, and 2.5 wt%) glass samples

S
=

10.395

S
[
°

10.385

——M(n)
—B-M(Eg)

S
i
®

Energy band gap based
metallization criterion, (eV)

0.5 1 1.5 2 2.5
MnO, (Wt%)

Fig.9 Variation of M (n) and M (Eésf ) in (eV) for all glasses with

MnO, concentration
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. 1 . 1 A I A
-20 -10 0 10 20

Magnetic Field (KOe)

Fig. 10 Magnetization  versus applied magnetic field of
35Li,0 —10Zn0O - 55B,05;+xMnO, (x=0, 0.5, 1, 1.5, and 2) glass
samples at 300 K

measured by a vibrating sample magnetometer (VSM)
at room temperature. It was observed that undoped glass
exhibited a soft ferromagnetic behavior; the hysteretic loop
indicated a ferromagnetic behavior with magnetic coercivity
about (180.35 Oe) and saturation magnetization M, about
(23.9 emu/gm). At the beginning of doping, the sample with
x=0.5 wt% showed the highest saturation magnetization
(86.25 emu/g) and magnetic coercivity (183.32 Oe). How-
ever, the glass samples doped with MnO, at 1-2 wt% showed
a paramagnetic behavior and the magnetization decreased
with increasing MnO, content. The mechanism for the high-
est saturation magnetization M at x=0.5 may be related
with the exchange coupling between anti-ferromagnetic
phase and ferromagnetic-like phase as that in BaO [39, 40].
On the other hand, decreasing of saturation magnetization
M, with increasing doping concentration might be due to
the increasing anti-ferromagnetic phase with small ratio of
ferromagnetic-like phase [41-43]. It is fascinating to note
when the doping concentration is higher than 1 wt% a lin-
ear M—H curve is observed, and the magnetization is much
smaller than undoped sample. This suggests that the sample
may become anti-ferromagnetic again. This provides one of
the main uses in so-called spin valves, which are the basis of
magnetic sensors including modern hard drive read heads.

Probabilities of y-ray interaction

Table 3 shows the chemical composition and weight frac-
tion of elements in the studied glass samples. The total
mass attenuation coefficients (u/p) and the partial interac-
tion between gamma-ray with different energies (0.356,
0.511, 0.662, 1.173, and 1.330 MeV) and the suggested
glass system were computed using Egs. (1) and (3), respec-
tively, via XCOM program. The u/p for the studied glasses
reduced with the increase in the photon energy from 0.356
to 1.330 MeV approximately by the same rate at all MnO,
concentrations as shown in Table 4 and Fig. 11. The XCOM
obtained values of the u/p were compared with available
experimental data which measured using narrow beam
transmission geometry (see Table 4 and Fig. 11). Figure 12
shows a comparison between experimental and XCOM

Table 3 Chemical composition and Wt. fraction of elements in samples in the system (35Li,O—10ZnO —55B,05)+xMnO,: 0<x<2 wt%)

glasses
xMnO, Sample chemical composition Weight fraction wt% Wt. fraction of elements in each sample

t%) X =
(%) x Li,0 ZnO B,0, MnO, Li B ) Zn Mn
0.0 35Li,0 —10Zn0O - 55B,0;+0.0MnO, wt% 35 10 55 0.0 0.162599 0.170814 0.586244 0.080342 0.000000
0.5 35Li,0 —10Zn0O - 55B,0;+0.5MnO, wt% 35 10 55 0.5 0.161791 0.169964 0.585159 0.079942 0.003144
1.0 35Li,0 —10Zn0O —55B,0;+ 1.0MnO, wt% 35 10 55 1.0 0.160990 0.169123 0.584084 0.079547 0.006257
1.5 35Li,0 —10Zn0O —55B,0;+ 1.5MnO, wt% 35 10 55 1.5 0.160197 0.168290 0.583020 0.079155 0.009339
2.0 35Li,0 —10Zn0 - 55B,0;+2.0MnO, wt% 35 10 55 2.0 0.159411 0.167465 0.581966 0.078767 0.012391
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Table 4 Total mass attenuation coefficients () of (35Li,0 — 10ZnO — 55B,0;) +xMnO,: 0 <x <2 wt%) glasses
Energy (MeV) x=0pu, x 1072 (cm¥g) x=0.5 p,,x 1072 x=1p,x1072 (cm¥g) x=1.5p,x1072 x=2 X 1072
(cm’/g) (cm’/g) (em?/g)
XCOM Exp. XCOM Exp. XCOM Exp. XCOM Exp. XCOM Exp.
0.356 9.60 9.62 9.60 9.64 9.60 9.63 9.60 9.64 9.61 9.65
0.511 8.28 8.31 8.29 8.33 8.29 8.33 8.29 8.33 8.29 8.34
0.662 7.40 7.42 7.40 7.44 7.74 7.45 7.40 7.45 7.40 7.44
1.173 5.63 5.66 5.64 5.69 5.64 5.67 5.64 5.68 5.64 5.68
1.330 5.28 5.32 5.29 5.34 5.29 5.34 5.29 5.34 5.29 5.34
@ XCOM & EXP. 10
5.34 |-1.33MeV ¢ S S ¢ - o5 y= 0-991;7:‘1r 0-052.9...
5.31 ¢ - = °F :
[ o o *] o ] S -
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"z 370 F1173Mevg 7 T s}
= 5.67 - ¢ 2 L 2 i = 9
S e ] w 75F .
S s64} ° ° o o = .f
S o q N 1 N 1 N 1 N 1] E"
= - 1 3
£ 7m [ 0.662MeV o * * PO S 65
g 7.41 [ & 1 “ 6f .
s U r 9 9 9 o ssf .®
% 7.38 ® . 1 ] ] @
8.34 [-0.511MeV - 5 . . . :
2 I 2 2 2 * 5 6 7 8 9 10
E 8.31 [ * 7] Experimental, p,, x 102 (cm?/g)
g g2l ") *) *] o ]
ﬁ * ? N 1 N 1 N 1 1
9.64 [ 0.356MeV ¢ ¢ L 2 h Fig. 12 Comparison between experimental and XCOM (u,,,) for glass
9-62 - * ¢ 1 sample with MnO, =1 wt%
ot 9 9 ) o
9.60 - 9 -
1 " 1 " 1 " 1
00 05 1.0 15 20 1.31x1072 (cm*/g), while the difference in the u/p between

MnOzwt%

Fig. 11 Dependence of the p/p for all glasses on MnO, concentration
(experimentally and XCOM program)

(u,,) for glass sample with MnO, =1 wt%. R? values which
define the degree of agreement between the theoretical
and experimental data were evaluated; results are found to
be 0.9977 (i.e.,~ 1) for all studied samples and therefore
prove that the results are in a well agreement. This result
implies that: (i) The gamma radiation attenuation rate do
not change with addition of MnQO, in the studied glasses,
(ii) At the lower energy, the gamma photon has higher prob-
ability of interaction with the studied glasses. Also, it is
obvious that when the photon energy increases from 0.356
to 0.662 MeV (E<0.662 MeV), the total mass attenuation
coefficients (u/p) reduced very quickly by high rate, while
in the range of (£>0.662 MeV), the u/p reduced by low
rate. For example, in the glass sample (xMnO, =1 wt%),
the difference in the u/p between 0.356 and 0.511 MeV is

1.173 and 1.330 MeV is 0.35x107% (cm?/g). This behavior in
the total mass attenuation coefficients (u/p) can be explained
as follows: at lower gamma photon energy range, the pho-
toelectric absorption dominates, and this is confirmed by
data in Table 5. While as the energy increases, the probabil-
ity of the photoelectric absorption process is reduced and
other two processes namely Compton scattering (Table 6)
and pair production (P.P) (Table 7 and Fig. 13) become the
most dominate interactions, where this occurs specifically
for E>1.022 MeV [44, 45]. These results (dependent of u/p
on the photon energy) are corresponding with the recently
published literature on different materials like rocks [44],
glasses [46-50], bricks [51], and amino acids [52]. Compari-
son with other glasses; like tellurite glasses [53-55] could
be suggested.
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Table 5 Photoelectric interaction of (35Li,0 — 10ZnO — 55B,0;) +xMnO,: 0 <x <2 wt%) glasses

Energy (MeV) x=0 Photo- x=0.5 Photo- x=1 Photo- x=1.5 Photo- x=2 Photo-
electric interaction electric interaction electric interaction electric interaction electric interaction
(x107* cmz/g) (x107* cmZ/g) (x107* cmz/g) (x107™* cm2/g) (x107™* cm2/g)

0.356 6.22 6.31 6.40 6.48 6.57

0.511 2.34 2.37 241 2.44 2.47

0.662 1.22 1.24 1.26 1.28 1.30

1.173 0.36 0.36 0.36 0.37 0.38

1.330 0.28 0.29 0.29 0.30 0.30

Table 6 Compton interaction of (35Li,0 — 10ZnO —55B,05) +xMnO,: 0 <x <2 wt%) glasses

Energy (MeV) x=0 Compton interac- x=0.5 Compton inter- x=1 Compton interac- x=1.5 Compton inter-  x=2 Compton inter-
tion (x 1072 cm?/g) action (x 1072 cm?/g) tion (x 1072 cm?/g) action (x 1072 cm?/g) action (x 1072 cm?/g)

0.356 9.54 9.54 9.54 9.54 9.54

0.511 8.29 8.26 8.26 8.26 8.26

0.662 7.39 7.38 7.39 7.39 7.39

1.173 5.63 5.63 5.63 5.63 5.63

1.330 5.28 5.28 5.30 5.28 5.28

Table 7 Pair production (P.P) interaction of (35Li,O —10ZnO —55B,05) +xMnO,: 0 <x <2 wt%) glasses

Energy (MeV) x=0 P.P interaction x=0.5 P.P interaction x=1 P.P interaction x=1.5 P.P interaction x=2PP
(x107° cmz/g) (x107° cmzlg) (x107° cmzlg) (x107° cmzlg) interaction
(x107° cm?/g)

1.173 0.74 0.75 0.76 0.76 0.77
1.330 4.29 4.32 4.35 4.38 4.40
aaf T T T ] Conclusion
: E=1.33 MeV Q
438 |- ] . In the present study, the optical characterization of
1 borate glasses with composition 35Li,0 —10Zn0O —

a35F ° 1 55B,0; —xMnO,: x=0, 0.5, 1.0, 1.5, and 2.0 wt% which
[ prepared previously [1] has been investigated. The absorp-

&
~
5 432 | Qo .

o | ] tion spectra measurements within the wavelength domain
I,;‘ 29| ? o 200-1000 nm have been carried out. The optical energy gap
.% E—1.173 MeV of the investigated samples using the absorption spectrum
3 - 9 fitting (ASF) model has been calculated. The probabilities
g 76 b Q i of gamma-ray interactions with the investigated glasses have
= ° been achieved through studying the total mass attenuation
A~ [ ] using XCOM program. In general, the results reveal the fol-

75 9 - lowing items:
| @ ]
1. The optical energy gap of the studied glasses varies with
74 050 ' ofs * 1?0 ' 115 * 2;) xMnO; content in both of direct and of indirect transi-
MnO3 wt% tons.

Fig. 13 Dependence of the (P.P) interaction for all glasses on MnO,
concentration
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2.

The molar refraction and molar polarizability for the
investigated glasses have the same trend with MnO, con-
tent.

The reflection loss and optical transmission for the sam-
ples have an opposite behavior with MnO, concentra-
tion.

The behavior of metallization criterion and dielectric
constant for the present glass system is inversely with
MnO, content.

Refractive index and energy band metallization crite-
rion have the same trend, enhancing with the increasing
MnO, content for the studied glasses.

Magnetic property of the investigated glasses changes
with changing the MnO, concentration.

The u/p for the studied glasses was reduced with the
increase in the photon energy from 0.356 to 1.330 MeV;,
this confirms that at lower gamma photon energy range,
the photoelectric absorption dominates, while at higher
photon energy, Compton scattering and pair production
become the most dominate interactions.

Results reveal that the investigated glasses can be used as

a candidate for optical fiber and optical devices application.
Moreover, it can be used for optoelectronic and nonlinear
optical devices.

Open Access This article is distributed under the terms of the Crea-
tive Commons Attribution 4.0 International License (http://creativeco
mmons.org/licenses/by/4.0/), which permits unrestricted use, distribu-
tion, and reproduction in any medium, provided you give appropriate
credit to the original author(s) and the source, provide a link to the
Creative Commons license, and indicate if changes were made.
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