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Abstract: Using Raman spectroscopy in conjunction with X-ray diffraction (XRD), transmission electron micrographs
(TEM-EDP), and scanning electron microscopy (SEM), the local environment of Te atoms and the crystallization behavior
of glasses in the system of chemical formula xAg,O. (100 — x)TeO, (25 < x < 50 mol%) have been examined. Crys-
talline structure was evident in the XRD spectra of glasses containing 40 and 50 mol% TeO,. On the other hand, an
amorphous structure has been observed in glasses with lower Ag,O concentrations (25, 30, and 35 mol%). Thermal heating
could be used to crystallize the amorphous glasses’ structure. Using DSC measurements, the treatment’s temperature was
controlled. The species with good crystallinity include Ag,Te,Oq and Ag,Te,0s. The results of TEM and EDP, as well as
both SEM and XRD, revealed that in glasses enriched with Ag,O, crystalline clustered species were formed. Raman data
proved that the crystalline clustered is improved as a result of the formation of TeO5 units enriched with nonbridging
oxygen bonds. In compositions containing less than 40 mol%, Ag,0 plays the role of a glass modifier. At higher Ag,O

concentrations, it plays the role of building crystalline clusters of the Ag,Te,O9 and Ag,Te,O5 types.
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1. Introduction

Due to its possible use in optical devices, tellurite glasses
have attracted a lot of research [1-7]. They exhibit high
refractive indices and dielectric constants as well as good
nonlinear optical transmittance [8—12]. Several structural
studies on binary alkali tellurite glasses have been per-
formed [5-9] using a range of structural techniques.
Because the tellurium—oxygen polyhedron is so variable, it
is difficult to predict how the structural environment dis-
tribution changes when the glass composition changes.
The notation Q",, has been proposed for modified tel-
luride glasses [13—17], where n signifies the amount of
bridging oxygen (BO), and m determines the coordination
number. Because the abundance of each tellurite polyhe-
dron was supposed to be dependent on the species’ charge,
the number of non-charged tellurite polyhedra (Q44) was
thought to decrease as modifier oxide concentration

*Corresponding author, E-mail: gomaaeldamrawi@gmail.com

increased. Alternatively, an increase in charged polyhedral
(Q%4; Q'5, Q%) units was simply observed.

The tellurium structural unit with the greatest TeO,
concentration and lowest modifier oxide is a four-coordi-
nated trigonal-bipyramid TeO, (Q*;), which may be gen-
erated in the paratellurite (o-TeO,) polymorph of
crystalline TeO,. Some of the stretched bonds can simple
be broken when the TeO, concentration was lowered,
resulting in a three-coordinated structure known as (Q34;
Q'5; Q%). A similar approach was considered in alkali-
tellurite glass structures [15—17]. It was assumed that five
tellurium polyhedra can be identified in tellurium glass
systems modified by some extent of alkali or silver oxides
[13-17].

Using 2Na NMR spectroscopy, the formation of crys-
talline clusters produced from Na,TeO3; may then be val-
idated [17]. Sodium ions appear to be randomly distributed
at low concentrations. At intermediate concentrations,
there is also a strong middle-range order. The existence of
some crystalline phases in the sodium tellurite system has
been confirmed. In sodium-rich glasses, however,
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Na,Te O [13, 17, 18] and Na,TeO3; may form. Recent
studies have shown that Ag,O plays a similar role as
played by Na,O in TeO, glasses since Ag,TeO; crystalline
phases are confirmed to be formed in Ag,O-rich glasses.
The objective of this work is to determine the impact of
both glass composition and thermal heat treatment pro-
cesses on the structure of tellurite glasses. The findings of
XRD, TEM-EDP, and Raman spectroscopy of silver tel-
luride glasses and their crystalline derivatives are presented
in this study. The transformation of amorphous to crys-
talline silver tellurite phases gives the material an extra
advantage to be used in the biomedical field of application.
Additionally ordered tellurite glasses can be used as high
refractive indices and dielectric constants materials.

2. Experimental details
2.1. Sample preparation

The melt quenching technique was used to prepare glasses
in the system xAg,0O. (100 — x)TeO,, (25-50 mol%).
Samples are obtained from reagent-grade mixtures of
AgNO; and TeO, which have been melted in a Pt-Au
crucible. To remove NO,, the specimens were heat-treated
at a slow rate of 2 °C/min from room temperature to
300 °C and then melted for 20-30 min between 700 and
800 °C before being quenched by pouring the melt
between two metallic plates.

2.2. Sample characterization

A Shimadzu X-ray type Dx-30 diffractometer is used for
X-ray diffraction measurements. The values of the maxi-
mum peak and intensity are used to determine the material
type that is compared to patterns in the joint committee for
powder diffraction 108 standards’ international powder
diffraction file (PDF) database (JCPDS). A transmission
electron microscope (TEM) of type JEOL-JEM-1011 was
used to determine the size and shape of the studied sam-
ples. Microstructural data were tested using the JSM-7500F
field emission scanning electron microscope. The machine
operated with an accelerated voltage of 25 kV. All samples
were sputter-coated with a thin layer of gold (3—4 nm) to
avoid sample charging and increase the signal-to-noise
ratio. The samples containing 30 and 35 mol% Ag,0 were
heated in a muffle furnace (Heraeus KR170) with a tem-
perature control of less than 2 °C. The samples were heat-
treated at a temperature of 200 °C for a treatment time
interval of 10 h. After heating, the glasses were then kept
in the furnace and held at the temperature of heat treatment
for the desired time before cooling normally at room
temperature. Using a Raman confocal microscope, WITec

model Alpha 300, with laser power of 532 nm, and 10 mw
in the range of 200-2000 cm™' were recorded. The
obtained spectra were deconvoluted to get information
about the structural changes of the basic units in these
glasses.

3. Results and discussion
3.1. XRD results

Depending on the glass composition, both crystalline and
amorphous natures can be possessed in the studied binary
silver tellurite glasses. Glasses containing 25, 30, and
35 mol% Ag,0 have the amorphous structure which is the
most dominant, as reflected from XRD patterns presented
in Fig. 1. Higher Ag,0 (40 and 50 mol%) concentration
leads to the formation of a specific type of crystalline
species in the main tellurite glass network.

As shown in Fig. 1, the tendency for crystal formation
increases as the Ag,O content increases from 35 to
50 mol%. There are weak diffraction peaks visible in the
spectra of glasses containing 35 and 40% mol%. Con-
versely, glasses with a higher Ag,O content can resolve
XRD peaks that are more intense and sharp. The crystalline
aggregate of Ag ions in the tellurite network is confirmed
to be the source of two distinct diffraction peaks, specifi-
cally those at 33° and 38°. This behavior suggests that
other silver-containing species may have developed in high
silver-containing glasses.

Adding Ag,O at the expense of TeO, can directly
convert TeO, to other units containing NBO atoms
[15-17]. High modification levels, on the other hand, can

Ag:TeOs (Card number 83-1779C)
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Fig. 1 XRD spectra of glasses containing 25, 30, 35, 40, and
50 mol% Ag,0, presented by (a), (b), (c), (d), and (e), respectively
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Figures 2 (a, b), TEM images and the EDP of TeO, glass containing
30 and 50 mol% Ag,0, respectively

result in the formation of more NBO as well as additional
structurally clustered species in the telluride network. At
extremely higher Ag,O content (40 and 50 mol%), as in
the present study, most Ag,O can be consumed to build
crystalline cluster species of type Ag,TeO3 [12—14]. This
role was identified to be dependent on the bond type
formed between Ag cation and oxygen ions. These findings
suggest that at high Ag,O concentrations [13, 14], it would
be difficult to confirm its modifier role only in the binary-
modified glasses, but it can play an additional role that
appears in cluster formation.

Based on the above arguments, it can be concluded that
TeO, tetrahedral units are the main forming species in the
telluride network. Some ordered TeO, groups can be
converted to TeO; units after the addition of a modifier
[12-19]. Extremely high modifier contents can result in
extra TeO5; groups. (The tellurium unit contains one and
two nonbridging oxygen atoms.) Furthermore, some crys-
talline species of type Ag,TeO; are formed in silver-
rich telluride glasses as well as Na,TeO; crystalline clus-
ters which have been formed in silver and sodium-rich
telluride glasses [14, 17, 19].

3.2. TEM-EDP results

Figure 2 presents the TEM micrograph with its electron
diffraction pattern (EDP) for two different compassions (30
and 50 mol% Ag,0) that were introduced as examples for
the amorphous and crystallized samples, respectively. As
shown in Figs. 2(a and b), the main structural groups are
distributed separately with an irregular repetition. Fur-
thermore, in the composition of higher Ag,O content
(50 mol% Ag,0), the specific types of clusters are seen to
be distributed as aggregates or clusters in the host main
network. The above arguments agree well with the general
concept of cluster formation [8—11]. In such a situation, the
term “cluster” is generally defined as an aggregate or
accumulation of bound atoms or molecules that are
between the sizes of a molecule and a bulk solid [8, 9].
This argument was supported to a great extent by experi-
mental studies of Ag-rich telluride glasses, which revealed
the presence of Ag clusters when the concentration of
Ag,0 is relatively high (50 mol% or more), see Fig. 2. In
the sample of composition 50 mol% Ag,O, the highly
crystallized telluride and Ag metallic phases are the dom-
inant phases.

Fig. 3 SEM micrographs and EDS spectrum glass of 30 mol% Ag,O
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Fig. 5 DSC curves for samples containing 25, 30, and 35 mol%
Ag,0(a, b, c), respectively

As a general conclusion, all of the investigated glasses
of Ag,O/TeO, > 1 are highly crystallized into homoge-
neous telluride and Ag metallic phases. But in samples of
lower Ag,0/TeO, molar ratio, on the other hand, a sig-
nificant difference is considered. The formation of
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26 (degrees)

Fig. 6 XRD spectra for the sample containing 25 (a), 35(b), and
40 mol% (c) Ag,O treated thermally at 200 °C for 10 h

crystalline clusters required more NBO and silver ions to
be accumulated.

3.3. SEM-EDS spectra

On a selection of compositions, SEM-EDS analyses were
performed to determine how composition affected mor-
phology. Figures 3 and 4 display the SEM images and EDS
spectra of glasses with 30 and 50 mol% Ag,0, respec-
tively. There are tellurium, oxygen, and silver peaks to be
seen. With an increase in Ag,0O content, Ag’s silver peak
intensity increases. The two peaks for Ag and Te atoms are
virtually similar at 30 mol% Ag,0, indicating that Ag,0 is
only used in TeO, modification. However, the sample with
a 50 mol% Ag content had a higher peak intensity of Ag
than Te. The XRD and TEM-EDP results are both con-
firming the higher level of modification of Ag to form
accumulated crystalline clusters. As an alternative, it is also
thought that the higher loading of Ag at the expense of Te
atoms is the reason for the increase in relative intensity.
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Fig. 7 Raman spectra of glasses containing 25, 30, 35, 40, and
50 mol% Ag,O

Then, SEM micrograph of the sample of 30 mol% Ag,0 is
different from that of the samples of 50 mol%. More
overcrowded species were present in the morphology of
glass enriched with Ag,O, which could be combined to
produce more intense shapes.

3.4. Effect of thermal heating

It can be realized from XRD patterns (Fig. 1) that samples
of 25, 30, and 35 mol% Ag,0O possessed an amorphous
structure. Therefore, the thermal heat treatment at 200 °C
provided by the DSC curves (Fig. 5) was shown to have a
significant impact on the structure of the presented

Relative Intensity

0.0 4 —

T T T T T T
300 400 500 600 700 800 900 1000
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compositions. The amorphous structure of 25, 30, and
35 mol% Ag,0O-containing glasses could be changed into a
more regular structure as seen from XRD spectra (Fig. 6)
of samples treated thermally at 200 °C for 10 h. The pat-
tern from untreated samples is compared with the XRD
patterns in Fig. 6. At 200 °C, the sample is almost com-
pletely crystalline, with a little amount of glass phase
visible in the background. The ordering of the Ag cations
in the primary tellurite network is the polymorph of
Ag,Te 09 [20-22]. This crystalline species is thought to be
a metastable silver-like compound found in silver telluride
samples with compositions of 30 and 35 mol% Ag,O0.

3.5. Raman spectra

Raman spectral data are a complementary measurement
that may be used for the investigation of the vibrational
modes of the molecules that relies upon inelastic scattering
[23, 24].

It can be shown from Fig. 7 that both the intensity and
relative area of the Raman bands at about (400-500 cm™")
and 600-700 cmfl) assigned to TeO, and TeO3, ; showed
a decreasing trend. Such smearing bands can be assured
through the deconvolution analysis technique (DAT) pre-
viously discussed by different authors [25-29]. Figure 8 is
an example of the deconvoluted spectra for two samples of
glasses. The analyzed values of the relative area for each
band are listed in Table 1. However, the band representing
TeOs units (between 700 and 800 cmfl) has shown an
inverse trend which leads to the formation of NBO in TeOy4
units which is transformed into TeOs units via the forma-
tion of NBO atoms. The formation of NBO in the TeO,
network at high Ag,O concentrations (40 and 50 mol%) is
considered the main reason for the formation of crystalline
clustered species detected by SEM and TEM micrographs.
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Fig. 8 Raman deconvoluted spectra for the sample containing 30 and 50 mol%
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Table 1 Relative area for each component FTIR band

Ag,0O mol%  Relative area Relative area Relative area
400-500 cm™" 600700 cm™'  700-800 cm™"'

25 0.24 0.42 0.34

30 0.22 0.36 0.42

35 0.16 0.31 0.53

40 0.11 0.25 0.54

50 0.07 0.20 0.63

4. Conclusions

The XRD spectra of glasses in the xAg,0.(100 — x)TeO,
(25 < x <50 mol%) showed significant changes as the
glass composition changed. XRD patterns have shown that
some crystalline phases can be formed without thermal
treatment. On the other hand, the amorphous glasses con-
taining 25, 30, and 35 mol% Ag,0 could be crystallized
through a thermal heating process. The Raman spectra have
specific features characterizing different telluride structural
units. When the glass network becomes rich with Ag,O
content, most of the available TeO,4 and TeO3; units are
transformed into TeO5™, TeO32_, and Ag-Te species. The
TEM and EDP data agree well with the XRD results,
indicating the formation of crystalline clustered species in
glasses enriched with Ag,0.
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