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Original: 5 June 2016 A series of Silver Nanoparticles embedded in thstesy of zin-tellurite glass co-doped
Revised: 28 August Neodymium/Erbium ions with the composition of (€-2.5x)TeC—~30ZnCh—xNd,Os—
2016 XEr,0:~0.5+0.5x)AgCl concentration from 0.0 to 3.0 mol%=(@, 1, 2 and : have

Qgigpted: 16 October successfully been synthesized by -quenching techniques. The amorphous natu

Published online: 20 the glass was confirmed fron-ray diffraction technique. The decrease of refue
March 2017 index from 2.446 to 2.429 is attributed to the gatien of bridging oxygen atoms v
the conversion of Te; into TeQ units. Conversely the increase in refractive intte
2.436 is attributed to the generation of -bridging oxygen atoms via the coirsion of

Key Words: TeQ, into TeC; units. From the absorption edge studies, the vafude optical bani

Tellurite glass gap E'opt”and Urbach energyAE) have been evaluated. The valueE'opt_ lies between
Neodymium and 2.34 and 2.83eV for the indirect transition whihe tUrbac energy values lies betwe

Erbium ions 0.005 to 1.33eV. The experimental results indidagt Nc*/Er* rare earth ions co-
Co-doping doped in the system of zi-tellurite glasses embaded silver nanoparticlesaagood

Optical properties candidates for solid state laser as active med

I ntroduction

Telluriteglasses are very important material because ahitgue properties that attract much attentio
recent years. These glasses join good qualitigs asidow melting temperatures, good mechanicallgya
and excellent infraed transmissic [1-3] which lead to the eligible materidisr photonic applications ar
optical devices [4-6] The high no-linear refractive index of TeQcontaining glasses is refers to
nonbonding lone electron pair > of tellurium. TeQ-based glasses have large t-order nonlinear
susceptibility and have been considered as faverafaterials for use in optical amplifiers and noedr
optical devices [7].

Dandanet al. [8] recently reported that one tellurium element cosignificantly enhanced tt
transmission capability, moisture resistance amdisparency in the n-infrared (2.7um) band lasers
regions for their use as optical materials wuitable dopant rare earth ions. The glasses dopec-doped
with rareearth ions have generated much interest due t@dhsibility of several promising applicatic
such as optical data storage, visible laser, fmaplifier, optical communication a sensor devices [9, 10].
The glass nanocomposites containing metallic NPsilesr nan-particles are among the motivati
materials due to their high potency for fapplications in various branches of s@ie and technology, e.
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photo-chemical materials, multi-dimensional andbduil industrial objects, non-linear nanophotorabffics,
memory devices, and optical switches [11, 12].

However, the high concentration of dopant ghes the behaver of amplifiers and laser. Improvimey
up-conversion emission and the quantum efficiescyhe key issue [13, 14]. Lack studies exist in the
literatures on the characteristics of tellurite sglaco-doped with E®; and NdO; which are rare earth
elements. Trivalent rare earth (RE) ions dopeditigdl glasses are widely investigated due to theique
electronic structure properties highly suitable patential applications for optical sensing, lasingdia,
telecommunications and biochemical studies [15-Ifg mechanism behind the concentration quencking i
still questionable. In light of the above, it appeabvious that it has to examine the role of cphig on
physical and optical properties of tellurite glassk this work, spectroscopic techniques emploted
investigate the optical properties of *#BNd®** co-doped tellurite glass system embedded withesilv
nanoparticles.

EXPERIMENTAL DETAILS

The glass samples were prepared by sing rapitiquenching technique. The series of four birgags
system (coded as TZNEAO.5, TZNEA1.0, TZNEAl1.5 andNEAZ2.0) consist of (69.5-2.5x)Te©
30ZnCL—xNdOs—XxERL,O3—(0.5+0.5x)AgGl with x = 0.0 to 3.0 mol %. The composition of theepared
samples and their codes are presented below:

TZNEAO.5 69.5Te@-30ZnC}L-0.5AgC}h
TZNEA1.0 67.0Te@-30ZnCh-1Nd,Os—~1ERO;—1.0AgCh
TZNEA1.5 64.5Te@-30ZnCh-2Nd0s—2EROs—1.5AgCh
TZNEA2.0 62.0Te@-30ZnC}L-3Nd,0O;—3ERO;—2.0AgCh
A homogenized materials batches of 10 g comapts were placed in a platinum crucible and being

melted in a furnace (furnace from Nabertherm GmBBIZAC-8.0kW-400Volt) at 900°C for 0.5hr. After the
required viscosity was achieved the melt were ttested on a metal plate and annealed at 260 ° & tior
Finally, the temperature of the samples cooled dimside the furnace to room temperature for 12hr.

The glass has then been cut at the thickrfessonit 1.3-2.9 mm. The samples were polished vatious
types of sand papers, 1500 grid, 1200 grid and 1900 to obtain flat and smooth surface. The
stoichiometric quantities of the chemicals were gheig outto get the required composition and are
grounded in a mortar to obtain a homogeneous filxtune. The glass structural characterized by using
ray diffraction (Siemens D5000 X-Ray Diffractom@tavith a copper target #1.54 A) at a room
temperature. The optical absorption of all sameseasured at room temperature by using a PetkierE
UV-VIS—NIR spectroscopy (UV-3101PC) in the rang&850—900 nm.

RESULTSAND DESCUSION

To check the amorphous state of the glass Isamy-ray measurements were performed. The shokt a
medium-range orders in the binary system consist (€89.5-2.5x)Te@-30ZnCl-xNd,Os—XERLOz—
(0.5+0.5x)AgClI glass system structures were teftgdmeans of X-Ray diffraction. Th@-igure: 1)
represents the diffraction patterns of all the daspvhich shows no sharp Bragg peaks, indicatirg th
amorphous nature of the prepared glasses. A braagdover the region 26—-36° f&# value was observed
for the glass samples which represents the shogerarder of the high concentration of Tefhd ZnC}
composition corresponding to the diffraction effedue to the amorphous portion of the samples, hwisic
the characteristic of the glass structure [7]. Whthe low broad hump over the region 48°-54° Zér
represents the low concentration 0@ and NdO; and Ag NPs in itamorphous nature in the samples.
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Figure4: Thediffractogran of XRD patterns of (69.5-2.5x) TeE@80ZnChxNd,Oz—

The densityd) of each sample is measured by Archimedes metbiog) toluene as the immersion liqt
with an estimated error é.003. The density of each sample is determinetthéyelatior

air

w
p = proy—2y- (gm/em?) @

where o is the density of toluene (0.8669 gm?), Wy, is the sample weights in air aW; is the sample
weights in toluene liquid [18].

The Molar volume V) is given by
M 3
Vy = > (ecm>.mol) (2)

WhereM is the average molecular weight of the glassp is the density of glass sampl[19].

The nominal compositions of the prepared glassdstlagir corresponding codes together with som
their physical properties as density, refractiateand molar volume are listed in Table

Table-1: Nominal composition of (69&5x) TeQ—30ZnCh—xNd,Oz—xErROz—(0.5+0.5x)AgCl glass system with cod
density (g/cr) and molar volume\(,).

Glass mol fraction (mol%) p vm

Code TeO, ZnCl, Nd,0, Er,Os AgCl  (gmicm?) " (cm®/mol)
TZNEAO.5 69.5 30 0 0 0.5 5.533 2.446 29.58
TZNEA1.0 67.0 30 1 1 1.0 5.586 2.432 31.09
TZNEA1.5 65.0 30 2 2 1.5 5.613 2.429 34.53
TZNEA2.0 62.0 30 3 3 2.0 5.716 2.436 40.61

The (Figure: 2) represents the relationship between density, tidra¢gndex and molar volume as
function of Nd*"/Er** contain.
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Figure2: Density, molar volume and refraction index of RBs embaded tellurite glass.

The densities of the glass system were foanthdrease from 5.533 to 5.716 gmfcand the molar
volumeV,,is increases as N@Er* ions increases from 0 to 3 mol% as shown in FigRrd@he increase in
‘P could increase the compactness of the glass mktartd as a result the overall bond lengths deeress
rare earth is added to the Tellurite networks, eoting bridging oxygens to non-bridging oxygensisTh
results in breaking of continuous networks of &lion and the non-directed bonding of cations caléepthe
network into closely packed structure, changingdbasity of the prepared glasses. The increasg ifor
the samples with 2% mol of rare earth ions may &lsodue to the higher density of the rare earths
(Nd,04=7.24 gm/cm, Er,0;=8.64 gm/cr) than that of Te@(2.46 g/ gm/cr) but the density of AgCl
(5.56 gm/cm) is almost similar to the density of Te(5.67 g/ gm/cn) this is why the varies op* with
adding more rare earth ions is more affectiye<0.061gm/cm as average) than adding the NPs.

According to the literature [20], The absooptcoefficient was calculated by:
a(w) = 2.303% (cm™) 3)
whereA is a constant andlis the thickness of the glass.

The optical absorption at the fundamental ddgerms of the theory given by [21] and it canvixéten
as [22, 23]:

a(w) = A.W (em™b) (4)
Wherehw is the incident photon enerdy,,: is the optical band gap ands an index which can take values
of 1, 2, 3, 1/2, and 3/2 depending on the naturdn@finterband electronic transition. The values isf 1/2
(for allowed direct transitions), 3/2 (for direcrbidden transitions), 2 (for allowed indirect ts&fons) and
3 (for forbidden indirect transitions). From (4h& optical gap estimates by extrapolating the timegion
of the curves toohe)"*=0 for all four samples as shown in (Figure: 3)][Zzese band gaps obtained from

the above relations are interband transition, &tatr lencompass the photon interaction [18].

The refractive indew of each sample (Table 1) is calculated accordirthée following equation [25]:
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2_ D
n 1 — 1 + EOpC. (5)

where @opt. is the direct optical band gap energy of thegyEstained from absorption d:
The degree of disorder in amorphous and crystaftiagerial is described by Urbach energE) and is

calculated using the relation,

a(w) =B (6)

where B is a constant.

The measured and calculated values c indirect optical band gap energ;?&n) and the Urbach energy
(AE) for all samples ofellurite glasses are summarized and listed ind'a

Table-2:The optical parameters o (6-2.5x) TeQ—30ZnCh—xNdhOz—XEROs—(0.5+0.5x)AgClI glass syste

Glass code Optical band gap, E' 4. (€V) Urbach energy, 4E (eV)

TZNEAO.5 2.340 0.005
TZNEA1.0 2.810 1.330
TZNEA1.5 2.830 1.330
TZNEA2.0 2.600 0.970

Optical band gap studies in the UV region have @noto be an effective tool for investigating
electronic band structure of amorphous mate[26]. The principle based on the absorption of a ph
with energy greater than the band gap energy. Diaed indirect optical transition can occur at
fundamental absorption edge. Bcof theminvolve the interaction of an electromagnetic wavieh an
electron in the valence bantlhe (Figure: 3)shows the typical absorption spectrum of all t@kuglass
samples.

Absorption (a.u)

TZNEA2.0

T TZNEAO.5

TZNEAL.5
L

0+ ‘ } L ‘ } |
370 380 390 400 410 420 430 440 450
A(nm)
Figure3: Variation of absorption coefficient with wavelength(69.5-2.5x)TeO—
30ZnC,—xNd,0s—XErR,0z—(0.5+0.5x)AgCl glasses.
The variation of the indirect optical energy baiagb gE'opt_) versus photon energE) is shown in (Figure:

4), and the values oE()pt_) is recorded irTable 2.
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Figure-4: A plot of ¢fiw)” versus photon energf) for of (69.52.5x)Te(~30ZnCh—
XNd,Oz—XE,0s—(0.5+0.5x)AgCl glasses.
The values of Urbach energyH) are calculated frorslopes of the linear regions of the curves at Ic
photon energies and taking their reciprocals sponding to the expression given[27, 28]:
hw

Ina(w) =E_C @)

whereC is a constant.

The(Figure: 5) shows the variation cIn(«) with the photon energyEj and he values of its Urbach
energy AE) have been recorded in Tal2

- --TZNEAD.5
......... TZNEA1.0
7 —.-TZNEALS
s & —TZNEA2.0

E(ev)
Figures: A plot ofIn(«) versus photon energiio) of (69.5-2.5x)Te@-30ZnC ,—xNd,Oz—
XEr,0s—(0.5+0.5x)AgCl glasses.

The (Figure: 6)ntroducing the variation of the optical bang gargy E'opt_) and Urbach energyAE)
with the concentration of RE contail
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Figure6: A plot of optical band gap energ§ () and Urbach EnergyAE) against Nd/Er**
mol% content for of (69.5-2.5x) TeE30ZnCh—xNd,Os—XERLOz—(0.5+0.5x)AgCl glasses.

The values of optical bang gap enerﬁﬂép() are between 2.340eV and 2.830eV while the vabfes
Urbach energyAE) is between 0.005eV and 1.330eV (Table 2). Tlé @lE',, andAE against Nd7Er
mol% content presented to examine the clear natfitbe optical gap energy and Urbach energy for or
tellurite glass system (Figure: 6). It can be skeem the figure that the optical bang gap enellﬂyp,() and
Urbach energyAE) have a maximum values for the concentration efsample TZNEA1.5 (2.830eV and
1.330eV) respectively. Meanwhile, the much lowdugaof the optical bang gap energi}ogt_) and Urbach
energy AE) observed for the TZNEAOQ.5 and TZNEAZ2.0 presemfiedses which suggests that the defects in
these glasses are minimum [29].

The variation in band gap value is attributedhe structural changes that are taking placeaéntitle
glasses while co-doping RE content. From (Figée:it is clearly shows the both of optical bang ga
energy E'opt,) and Urbach energyAE) are higher in the N9JEr* content of 1 and 2 mol% (where NPs of
silver contain is 1 and 1.5 mol% respectively). Toheordination number of Te atoms changes whemRthe
co-doping is introduced into the host matrix. Gaitgr more number of TeQunits has formed from Te@o
TeGs,; and consequently band gap energy increases foentmation of 1 and 2 mol% [26].

The results are in good agreement with presvigport in which the addition of rare-earth to théde
glass shows a reduction in optical band gaps alsasdUrbach energies with the densification of gheess
network [29]. The estimated optical energy gﬁ'ppt_ at the fundamental absorption edge is highereéncti
doped glasses as compare to the host glass. Tid#tion has also proposed related to the creatidrigher
number of non-bridging oxygen (NBO)s units aftee ihcorporation of both B¥Nd* ions into the host
matrix. This attributed to the generation of larganber of NBO which are more covalent in charatttan
the bridging oxygen [18]. Consequently, transfeelefctrons from the valence band to the condudismd
becomes easier. The obtained optical energy gajevailf the studied glasses are in a good agreesiint
the range of the values in various tellurite glaggported by [20, 30, 31].

CONCLUSION AND RECOMMENDATIONS

The role of co-doping on optical of tellurgkasses with composition (69.5-2.5x) T230ZnClxNd,Os—
XEr,0s—(0.5+0.5x)AgCl (x = 0.0 to 3.0 mol%) has succelbgfbeen synthesized by using conventional
method. The amorphous nature of the prepared sangpé®nfirmed by XRD. Density is an effective tt¢ol
explore the degree of structural compactness, meatiiin of the geometrical configurations of thesg
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network, change in coordination and the variatidndimensions of the interstitial holes. The Optical
absorption behavior is measured using UV-VIS-NIRcmscopy. It was observed that the maximum value
of both of the optical band gaﬁ'&pt..:2.830eV) and Urbach energyH=1.330eV) is at the concentration of
Nd*/Er** at 1.5% contents for the third sample coded WZINEA1.5. The results approved that the second
glass sample has formed more number of ;Tidlts in the glass matrix. Both the optical baag gnd the
Urbach energy are found to be strong analyticattions of the co-dopant concentration. The resrisin
good agreement with other researchers work. Thesdtaming mechanism is understood. It is intengstd
investigate the photoluminescence behavior andsthacture properties by using Differential thermal
analysis (DTA), Fourier transform infrared spectaysy (FTIR) and Raman spectroscopy in these glass
systems as a function of co-dopant concentration.
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