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Studies were earried out on the attenuation of longitudinal ultrasonic waves in tellurite glasses containing vanadium and samarium
oxides with different concentrations, using the pulse echo technique. Glass samples were prepared in the form (composition in
mol%): 65 Te02-(35  x) V2O5-X SmsOa, where χ = 0.1, 0.5, 1.0, 2.0, 3.0, 4.0 and 5.0 mol%. The temperature dependence of the
attenuation at ultrasonic frequencies of 2, 4, 6, and 10 MHz in the temperature ränge 150 to 280 Κ was proved. The shape of the
loss peaks, i.e. the relaxation spectra, showed the presence of well-defmed peaks at various temperatures depending upon glass
composition and operating frequency It was observed that these loss peaks shift to higher temperatures with increasing frequency
suggesting some kind of relaxation process. Activation energies of the relaxation process, and deformation potential were calculated.
Results showed that activation energies are strongly dependent on the samarium oxide content. Deformadon potential is also
frequency- and composidon-dependent. Discussion of the results obtained in this study is reported.

Relaxation von Ultraschall wellen in ternären TeOg-VgOs-SmaOa-Gläsern

Mittels der Pulsecho-Methode wurde die Dämpfung von longitudinalen Ultraschallwellen in Telluritgläsern, die Vanadium- und
Samariumoxid in unterschiedhchen Konzentradonen enthielten, untersucht. Die Glasproben hatten folgende Zusammensetzung (in
Mol-%) 65 Te02-(35  x) \2O5-x SmjOs (mit χ = 0,1; 0,5; 1,0; 2,0; 3,0; 4,0 und 5,0). Die Temperaturabhängigkeh der Dämpfung
bei Ultraschallfrequenzen von 2, 4, 6 und 10 MHz im Temperaturbereich von 150 bis 280 Κ wurde festgestellt. Die Form der
Dämpfungsveriuste, d.h. der Relaxadonsspektren, zeigte die Anwesenheit von gut definierten Peaks bei unterschiedlichen Temperatu-
ren in Abhängigkeit von der Glaszusammensetzung und Arbeitsfrequenz. Es wurde beobachtet, daß diese Dämpfungsverluste sich
mit ansteigender Frequenz zu höheren Temperaturen verschieben, was auf einen Relaxationsprozeß hinweist. Die Aktivierungsener-
gien des Relaxationsprozesses und das Deformationspotential wurden berechnet. Die Ergebnisse zeigen, daß die Aktivierungsener-
gien stark von dem Samariumoxid-Gehalt abhängig sind und daß das Deformationspotential von der Frequenz und der Zusammen-
setzung abhängt. Die in dieser Untersuchung erzielten Ergebnisse werden abschließend diskutiert.

1. Introduction

The study of ul trasonic a t tenuat ion in all glasses so far
investigated revealed the presence of absorpt ion peaks,
in the at tenuation versus temperature curve, occurring in
the temperature ränge between 20 and 300 Κ [1 to 5].
The Position and characteristics of these peaks depend
on the glass composi t ion and the frequency of the ap-
phed ultrasonic waves. The absorpt ion peaks occurring
in most inorganic oxide glasses have long been attributed
to loss mechanisms of the Standard linear sohd type with
low dispersion and a b road distr ibution of Arrhenius-
type relaxation time [6]. The loss has been ascribed to
the presence of particles or group of particles moving in
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double-well potent ials , a n d exper imenta l values of act i -
va t ion energy and a t t empt frequency suggest t ha t the
par t ic le d imens ions are of a tomic o rder of m a g n i t u d e [6].

In sihcate glasses, the peak occur red a r o u n d 50 K,
while in GeS2 glass, the peak occurred at a b o u t 200 K , for
20 M H z longi tudinal u l t rasonic frequency [7]. E L M a l l a -
wany et al. [8] observed an abso rp t ion peak in the t em-
pera tu re dependence of the a t t enua t ion coefficient in
T e 0 2 - M o 0 3 glasses lying in the t empera tu re r änge 150
to 250 K. Sidkey a n d his coworkers [9] r epo r t ed the exist
ence of absorp t ion peak in T e 0 2 - V 2 O 5 glass in the r änge
230 to 245 Κ a n d its pos i t ion depends u p o n the c o m p o -
sit ion of the glass a n d the appl ied f requency (2 to
10 M H z ) . In a recent s tudy [10] o n re laxat ion of u l t r a son ic
waves in T e 0 2 - V 2 0 5 - Z n O a n d T e 0 2 - V 2 0 5 - C e 0 2
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t e rna ry glasses, the absorp t ion loss p e a k s were ob -
served at low tempera tu re in the ränge be tween 150 and
230 K . Car in i a n d his eoworkers [11] reported an
unusual ly h igh peak lying between 200 a n d 300 Κ in
X A g I  (1  X) ( A G 2 0  B 2 O 3 ) super ionic glass.

T h e work u n d e r r epor t a ims to s tudy the ultrasonie
re laxat ion proeess in the te rnary glass system
6 5 T e 0 2 - ( 3 5  x) ¥ 2 0 5 - ^ S M 2 0 3 in the temperature
ränge 150 to 280 Κ a n d applied u l t rasonie frequeneies
of 2, 4, 6, a n d 10 M H z .

2. Experimental

Glass samples were p repared in the form (eomposi t ion
in mo l%) : 6 5 T e 0 2 - ( 3 5  x) V 2 O 5 - X S M 2 0 3 , where
X  0 .1 , 0.5, 1.0, 2.0, 3.0, 4.0 a n d 5 . 0 m o l % . The prep-
a ra t ion m e t h o d was deseribed in detai l in a previous ar-
ticle [12]. Pieces of 1.5 cm in length were l apped and pol-
ished o n the ends a n d used as speeimens. Nonpara l l ehsm
of the end faces was less t h a n O.Ol m m . Α cryostatie ar-
r a n g e m e n t wi th l iquid air as cryogen was used to set the
sample at a desired TEMPERATURE be tween tha t OF liquid
air a n d ROOM TEMPERATURE. T h e glass sample with the
b o n d e d t ransducer ( N o n a s topcock grease which proved
to be a satisfactory couplan t ) was m o u n t e d o n a suitable
sample HOLDER a n d placed INSIDE the cooled CHAMBER.
T h e TEMPERATURE of the SAMPLE was MEASURED USING a 

t h e r m o c o u p l e placed IN DIRECT con tac t WITH the sample.
ULTRASONIC ATTENUATION MEASUREMENTS were made by

using an ul t rasonic flaw detector U S M 3 (Krautkrämer ,
Kö ln (Germany) ) . T h e pulse echo t echn ique was the
m e t h o d used, a n d the same t r ansduce r acted as the
t ransmi t t e r a n d reeeiver simultaneously. T h e heights of
the successive echoes were measured accurately, and the
a t tenua t ion coefficient was then calculated according to
the equa t ion :

α =
20_\

Yd) LG
A2I

(1)

where  d is the thiekness of the sample, a n d ΑΧ and A2 
are the heights of the first a n d second echo, respeetively.

3. Results and discussion
LONGITUDINAL ULTRASONIC ATTENUATION, AT ROOM TEMPERA-

TURE IN THE INVESTIGATED GLASSES WITH DIFFERENT S M 2 0 3

CONTENTS, WAS MEASURED AT ULTRASONIC FREQUENCIES OF 2, 4,

6, AND 10 M H z , AND PLOTS OF THE DATA ARE SHOWN IN
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Figure 1. Variation of absorption eoeffieient with applied fre-
quency for different contents of samarium oxide.

figure 1. All curves can be represented by straight lines
indicating  a nonzero extrapolated absorpt ion at zero fre-
quency. The da ta for all measurements can be expressed
by the relation

α = g{Z X)f+ « r (2)

where  g is temperature and composi t ion dependent , Χ
is the concentra t ion of the modifier (mol% S M 2 0 3 ) , and
ttr is the residual at tenuation. The magni tude of  g in-
creases from 0.137 to 0.175 when the S M 2 0 3 content
increases from 0.1 to 5.0 mol%, while values of a^. 
ränge between 0.825 and 1.055 dB/cm. The ultrasonic
at tenuat ion in these glasses is strongly dependent
on the concentra t ion of S M 2 0 3 , the lower value of α
was observed in 65 Te02-34 .9 V 2 O 5 - O . I S M 2 0 3

glass, while the max imum value was observed in
65 TeO2-30 V 2 O 5 - 5 S M 2 0 3 glass.

The temperature dependence of the at tenuat ion coef-
ficient for longitudinal ultrasonic waves at four frequen-
cies namely 2, 4, 6, and 10 M H z for all glass samples are
reported. Figures 2a and b show this dependence for 0 .1 ,
and 5.0 m o l % S M 2 0 3 content . It can be seen from these
figures that the peak temperature, 7p, at which maxi-
m u m at tenuat ion occurs shifts towards higher tempera-
ture as the apphed frequency is increased. Besides, the
peak temperatures are shifting to higher temperature
with increasing S M 2 0 3 content .

The inverse of the peak temperatures against the log-
ar i thm of the applied frequency is plot ted and shown in
figure 3. The plots yielded straight lines satisfying
Arrhenius equat ion of the form

/  / O E - ™ . ( 3 )

Figures 2 and 3 suggest that there is some kind of relax-
ation process a n d the origin of the absorpt ion loss lies in
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Figures 2a and b. Variations of absorption peaks with tempera-
ture for a) 0.1 mol% samarium oxide, and b) 5.0 mol%
samarium oxide.
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Figure 3. Variaüon of lg (/) versus inverse temperature (1000/Γ).

a thermally aetivated relaxation process. This relaxation
process can be ascribed to a particle moving in asymmet-

Figure 4. Asymmetrie double-well potential of barrier height Ε
and asymmetry A. 

ric double-well potent ia l , of a tomic d imens ions , f igure 4,
co r re spond ing to two-equi l ibr ium conf igura t ions ar i s ing
from a defeet s t ructure in the a m o r p h o u s n e t w o r k . T h e
ul t rasonic waves d is turb the equi l ibr ium a n d p r o d u e e a 
relative energy shift between the m i n i m a of the d o u b l e -
wells by an a m o u n t A ^  D ε in a s t rain field of m a g n i -
t u d e ε. T h e deformat ion potent ia l  D expresses the energy
shift of the relaxing states in a s train field of un i t
s t rength . Thus , the u l t rasonic waves p roduee t h e r m a l in
equi l ibr ium, and a relaxat ion process is set u p t o res tore
the equi l ibr ium again. T h e part icle can s u r m o u n t the
bar r ie r between the double wells in a the rmal ly aet i -
va ted process.

T h e exper imenta l low- tempera ture loss p e a k s o b -
ta ined in this study are t o o wide to be explicable in t e r m s
of a Single relaxation process, a n d this m a k e s t h e u s u a l
wel l -known relaxat ion t ime in the form

(4)

a n inadequa te descript ion. Thus , the act ivat ion energies
(Ep) ob ta ined in this s tudy (table 1) are in fact sp read
of values a r o u n d the fixed value ob ta ined in crysta l l ine
te l lu r ium-vanad ium-samar ium glass. T h e loss p e a k has
to be analyzed in te rms of d is t r ibut ion of re laxa t ion
t imes with each relaxing element moving in the d o u b l e -
well potent ia l [13] of the form shown in figure 4. Also ,
there will be a dis t r ibut ion in the value of the a n i o n -
ca t ion spacings a n d these spacings are smaller t h a n the
equi l ibr ium (crystalline) value for b o n d angles acu te r
t h a n n o r m a l , while they are larger for b o n d angles
s t ra ighter t h a n no rma l . It follows tha t the variabi l i ty of
T e - O - T e , T e - O - V , T e - O - S m , V - O - S m , a n d
S m — O - S m b o n d angles m e a n s tha t there is a sp read
of the a tomic r ing size in these glasses as s h o w n in
figure 5. Here, we can consider a d i s t r ibu t ion of d o u b l e -
well Systems of vibrating particles will arise from a 
spread of ca t ion-an ion spacing wi th a d i s t r ibu t ion of
bar r i e r heights for b o t h longi tudinal a n d t ransverse m o
t ions of the an ion for aU kinds of bonds . I t is a lso ac
ceptable to jus t speak abou t the m o t i o n of oxygen
a toms , as the vibrat ing particles, since te l lu r ium, va
n a d i u m , a n d s amar ium a toms have relatively larger
masses.
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Table 1. Low-temperature properties of 65TeO2-(35  -
-X Sm203 glasses; applied ultrasonic frequency, / , at

tenuation coefficient, o:, peak temperature, Jp, attempt fre-
quency, /o, and activation energy, EP 

X / α /o  10«
in mol% in MHz in dB/cm in Κ in s ^ in eV

2 2.9 225
4 3.2 239 80.28 0.1308

0.1 6 3.7 245
10 4.7 267

2 3.4 209
4 3.6 219 43.62 0.1243

0.5 6 4.13 229
10 4.3 231

2 3.75 220
4 3.87 241 11.39 0.1089

1.0 6 4.25 250
10 4.87 267

2 3.93 212
4 4.07 218 5.34 0.0867

2.0 6 4.5 239
10 5.16 253

2 4.18 223
4 4.43 252 3.09 0.0835

3.0 6 5.35 265
10 5.89 308

2 5.9 162
4 6.31 192 2.76 0.0742

4.0 6 6.77 225
10 7.3 249

2 6.2 211
4 6.73 237 193 0.0671

5.0 6 7.17 242
10 7.9 263

Table 2. Hopping distance H, number of loss centers per unit
volume, «, number of loss centers per oxygen density, Λ̂ , defor-
mation potential, D, and average stretching force constant, F, 
[13] of 65 T E 0 2 - ( 3 5  x) V 2 O 5 - X Sm203 glasses

X Η η Ν D F
in mol% in nm in 102^  m - 3 i n % in eV in N/m

0.1 0.3992 1.207 2.519 0.387 240.3
0.5 0.3992 1.155 2.417 0.374 239.3
1.0 0.3986 1.029 2.149 0.342 238.0
2.0 0.3976 0.873 1.822 0.294 235.5
3.0 0.3983 0.736 1.556 0.287 233.0
4.0 0.3959 0.621 1.296 0.265 230.6
5.0 0.3963 0.549 1.160 0.248 228.0

the double-well system will ehange the eonfiguration by
means of thermal aetivation energy proeess by hopping
over the barrier. The hopping distanee {H) was ealeu-
lated (table 2) from the expression given by Yawale and
Pakade [14] as

1/3
(5)

where Μ is the moleeular weight of the glass, Ρ its den-
sity, and AQ is Avogadro's number.

For sueh a system, the internal frietion is given
by Bridge and Patel [6] as

2 Α VI

ω (6)

ω τ n{E) dE 

1 + 

Figure 5. Sehematic representation of glassy quartz structure
with three possible types of two-state defects in the glass (A, Β
and C).

Fo r any one of the double-weh Systems Ο - A - O ,
further oxygen a toms si tuated to the left a n d the right
of Α eat ion will generally be si tuated at sites slightly at
different dis tanees from the latter. Thus , a distr ibution
of asymmetr ies Α will appear as a seeond order effeet.
A t peak tempera ture , T^, the oxygen a t o m s eomprising

where α is the aeoustie wave absorpt ion eoeffieient. Vi 
is the longitudinal ul trasonie veloeity, ω is the angular
frequeney,  D is the deformation potential (energy shift
of the double-well states in a strain field of unit
strength), HQ is a eons tant independent of bo th Α and E, 
and n(E) dE is the number of loss eenters expressed as
a funetion of the number of partieles (oxygen atoms) per
unit volume moving in identieal double-well potent ia l of
barr ier height in the ränge Ε to (E + AE). The total
number of the double-well Systems (loss eenters) per unit
volume is therefore

η  jn(E)dE 

0

~_QVI_~^

 _ 2 / ) 2 « o J "

(7)

ciE) dE 

where the integral c(E) dE is the area under the eurve
relating to α and Τ (figure 2).

Gilroy and Phillips [12] have proposed that for asym
metrie double-well potential , n(E) takes the form
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1 l Ε
n{E)  — e x p ( 8 )

where E^ is an energy related to Tg which determines the
shift of the loss peaks.

Assuming no E~^ where E^ is the activation energy
at which maximum absorpt ion occurs [12], i.e. at Γρ,
equat ion (7) can take the form

η = ^ ^ E
2D' c(E)aE. (9)

The integral c{E) dE was computed by performing a 
Computer program and the total number of loss centers
per oxygen density TV in % were calculated and given in
table 2.

It is clear from table 1 that the increase in Sm203
content is aecompanied by a decrease in bo th activation
energy E^, the number of loss centers n, and the defor-
mat ion potendal D. Thus activation energy E^ follows
predominantly the trend of the stretching force constant
F. For a given A - O - Α b o n d angle, the A - A - Separ-
ation would be directly propor t iona l to the stretching
force constant of the network. Thus, as the A - O - Α
bond force constant decreases, the energy required to
produee a given degree of b o n d angle or length distor-
tion will decrease leading to a decrease in activation en
ergy. Moreover, the decrease in the number of loss cen
ters and the deformation potent ia l will affect the acti
vation energy of the relaxation process.

F rom the above, we can eonelude that the absorp-
tion, in the measur ing temperature ränge, is thought to
be thermally aetivated and is at tr ibuted to particles
- probably oxygen a toms - moving in double-well po-
tential with a broad distr ibution of barr ier height.
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