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The attenuation and velocity of ultrasonic waves of frequencies in the range of 10 to 90 MHz have

been measured in La203-P20& and Sm&03-P20& glasses with high lanthanide concentrations as a function

of temperature between 1.5 and 400 K. Two distinct features characterize the attenuation behavior: (i) a

plateau at temperatures below 15 K and (ii) a broad high-temperature peak. The former feature is inter-

preted in terms of the phonon-assisted relaxation of two-level systems and the latter by assuming the ex-

istence of a distribution of thermally activated relaxing centers. For both these mechanisms the product
of the deformation potential squared and the density of relaxing particles decreases with increasing

lanthanide-ion concentration. This result, taken together with previous observations of the properties of
oxide glasses, provides physical insight into the microscopic origin of the relaxation effects and suggests

that the source of the low- and high-temperature attenuation mechanisms is the same. At temperatures

below 100 K, the sound velocity, after the subtraction of the relaxation and anharmonic contributions,

follows a linear law as predicted by the soft-potential model for the relaxation of soft harmonic oscilla-

tors. An encouraging agreement is obtained between the parameters regulating this mechanism and

those determined from the acoustic attenuation plateau.

I. INTRODUCTION

The main effect of the topological disorder in amor-
phous structure is the introduction of supplementary de-
grees of freedom, which gives rise to anomalies in the
thermal, ' acoustic, optical, and dielectric properties.
This excess degree of freedom is normally attributed to
local structure defects or "particles, " which have a
different mobility from the rest of the host structure and
are subjected to thermally activated local motions at high
temperatures ( T) 10 K) and to tunneling motions at low
temperatures (T (10 K). However, despite a great deal
of experimental and theoretical work, ' the microscopic
origin of the structural defects is still unknown; it is an
open question whether the same "particle" can be con-
sidered as being responsible for the two different kinds of
local motion. It is possible that eventual identification of
the microscopic groups involved in local motions could
come from study of glassy systems in which the number
or the kind of structural units present in the network is
altered by varying the composition. Useful systems for
such work include the borate, silicate, or phosphate
glasses, obtained by mixing network former and modifier
ions in the appropriate proportions.

Phosphate glasses (R2O3)„{PzO5), , which contain
very high concentrations of lanthanide R + ions as
modifiers, can be made. These glasses are built up from
PO4 tetrahedral units in which one oxygen atom is dou-
bly bonded to the phosphorus and does not contribute to
the coherence of the network: pairs of PO4 tetrahedra can
share only one corner. Vitreous P205 itself is comprised
of a three-dimensional disordered network of PO4
tetrahedra, most of which are linked at three corners. As

the lanthanide R + modifier content is increased, there is
a reduction of the number of cross-linking P-0-P bonds
between pairs of tetrahedra and a tendency toward an in-

crease in the number of chains of PO4 tetrahedra in the
structure. The infrared spectra of vitreous metaphos-
phate are consistent with the number of modes available
for a zigzag chain rather than a straight one. ' In a
phosphate glass which is of a composition well below that
of a metaphosphate, the structure is a three-dimensional
disordered network of PO4 tetrahedra, most of which are
linked at three corners. However, in the vicinity of the
metaphosphate composition R (PO3)3, which corresponds
to (R~O3)o2, (P20s)Q75 the chains are linked by the
modifier cation, which occupy sites between nonbridging
atoms on adjacent chains and provide weaker ionic bonds
between the strongly covalently bound chains.

Recent neutron-scattering measurements support a
common interpretation of the low-frequency excitations
in vitreous Si02 as arising from local motions of coupled
Si04 tetrahedra. Does this universality extend to other
oxide glasses? To answer this question requires extensive
wide-ranging studies of glasses belonging to other systems
such as phosphates. Since the addition of modifier ions
to phosphate glasses alter the coupling constants between
the PO4 tetrahedra, it can be expected to inAuence the
density of relaxing particles which are the origin of the
ultrasonic attenuation. Therefore measurements have
been made of the attenuation and velocity of ultrasonic
waves propagated in La203-P205 and Sm203-P20~ glasses
with different lanthanide concentrations as a function of
temperature between 1.5 and 400 K. The results are in
accord with the hypothesis of a common origin for dis-
tinct attenuation anomalies found in the low- and high-
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temperature regions. Furthermore, the same mechanisms
appear to regulate both the acoustic attenuation and the
sound velocity in the temperature region below 50 K, as
predicted correctly by the recent soft-potential model
(SPM), which postulates that the low-temperature
anomalies of glasses arise as a result of two-level systems
(TLS's), and soft harmonic oscillators in the amorphous
network.
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II. EXPERIMENTAL TECHNIQUE

The rare-earth phosphate glasses were prepared from
laboratory-reagent 99.9%-purity grades of phosphorus
pentoxide F20~ and rare-earth oxide R203. The mixed
oxides were reacted in quantities of about 50 g by heating
at 500'C for about 1 h in a closed alumina crucible in an
electric furnace. The mixture was then melted in a
second furnace and held for 1 h at 1400'C. After stir-
ring, the melt was cast into a preheated (500'C) split steel
mould to prepare a glass cylinder of about 10 mm long
and 14 mm in diameter. After casting, the glass was
transferred immediately to an annealing furnace at 500'C
and held at that temperature for 24 h; then, the furnace
was switched off and the glass left to cool down to room
temperature at a rate of 0.5'C/min. Cylindrical samples
of correct shape for ultrasonic measurements were then
cut from the ingots. Analysis of the intensity of the MoK
x rays as a function of the diffraction angle revealed very
broad bands, typical of glasses, only and no sign of crys-
talline peaks. The glass compositions were determined by
electron probe microanaiysis with a SmS or LaP50&4
crystal as a standard. The microanalyses was fitted with
four double-crystal spectrometers which could be used to
analyze the x-ray spectrum of the elements present. Us-
ing this technique, the electron beam could be directed at
a relatively small area without damaging the sample. To
avoid any possible contamination with moisture, the
glasses were carefully stored in a darkened dessicator
box.

The attenuation and velocity of longitudinal and shear
ultrasound waves were measured using conventional ul-
trasonic techniques in the 10—90 MHz frequency range.
The thermal scanning between 1.5 and 400 K was carried
out by using a standard liquid-helium cryostat in the
range 1.5-20 K and a cryogenerator above 20 K. The
thermostatic control was 0.01 K in the full temperature
range.

III. EXPERIMENTAL RESULTS
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FIG. 1. Temperature dependence of the ultrasonic attenua-
tion at selected driving frequencies in the (La203)p 26(P205)p 74

glass.
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The velocity of the 10-MHz longitudinal sound waves
decreases with increasing temperature from 15 to 300 K
in (La203)p 26(P205)p 74 and (Sm203)p 25(P205)p 75 glasses
(see Fig. 2); for both, there is a continuously changing
slope for temperatures below 100 K and a nearly linear
trend for higher T. The decrease at low temperature as
the temperature is increased is larger in the glass contain-
ing lanthanum than in that with samarium.

To illustrate the effects of lanthanide-ion concentra-
tion, the experimental results for the temperature depen-
dence of the attenuation of 70-MHz ultrasonic waves for
the (Sm2 3)p. 19( 2 5)p. sl and (Sm203p. 2s( 20, )p75 glasses
are compared in Fig. 3. It can be seen that the low-

temperature attenuation up to and including the plateau
and that across the temperature range spanned by the
broad peak are decreased by an increase in the Sm +-ion
concentration.

Attenuation measurements have been made for both
longitudinal and shear ultrasonic waves. This was done
to find out if the attenuation mechanism was different for
the two mode polarizations. To make the comparison,

The temperature dependence from 1.5 to 400 K of the
ultrasonic attenuation of the (La203)p 26(P205)p 74 glass at
selected frequencies is shown in Fig. 1. As the tempera-
ture is increased from 1.5 K, the attenuation rises until it
reaches a plateau which extends up to about 10 K.
Above this region the attenuation increases up toward a
broad peak, typical of oxide glasses, whose maximum
shifts to higher temperatures as the ultrasonic driving
frequency is increased. Broadly similar results have been
obtained for the attenuation of (Sm203)p 19(P205)p 81 and
(Sm203)p 25(P20s)p 75 glasses.
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FIG. 2. Temperature dependence of the velocity of 10-MHz
longitudinal sound waves in (La203)p 26(F205)p 74 (0) and
(Smz03)p 25(Pz05)(} 75 (I:I) glasses.
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FIG. 3. EfFect of samarium-ion concentra-
tion on the temperature dependence of
the ultrasonic attenuation shown

by (Sm203)p l9(P205)p 8~ (0) and

(Sm203)p 25(F205)p 75 (0) glasses.
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the attenuation has been transformed into the internal
friction Q '( =ah, /n). The results obtained at a frequen-
cy of 30 MHz are plotted in Fig. 4. Within the experi-
mental error, the internal friction for both the longitudi-
nal and shear modes is the same.

IV. DISCUSSION

A. Acoustic attenuation

The ultrasonic attenuation as a function of tempera-
ture of these glasses shows the two distinct regions
characteristic of many oxide glasses.

At temperatures below about 15 K, the temperature
dependences of the attenuations of both the lanthanum
(Fig. 1) and samarium (Fig. 3} phosphate glasses are
defined by a plateau. The existence of such a plateau was
predicted by Jackie' from his theoretical study of the
phonon-assisted tunneling in two-level systems. The
mechanism involved is that the acoustic wave interacts
with the two-level systems and modifies their thermal
equilibrium population so that a new equilibrium distri-
bution is attained by the cooperation of thermal phonons
in a characteristic relaxation time T, . In fact, because of
the structural randomness of glass, there is a distribution
of relaxation times. In the high-temperature limit, when
coT, '" « 1 ( T&

'" being the minimum value of the relaxa-
tion time}, the ultrasonic attenuation of an ultrasonic
mode of frequency co is given by'

6)— C;6) . (1)
2pv, . 2v;

Here v,- is the ultrasonic wave velocity, y; is the deforma-
tion potential, P is the two-level system density of states,
p is the sample density, and the index i refers to the
different polarizations (l stands for longitudinal and t for
transverse). The plateau position shifts to higher temper-
atures with increasing ultrasonic driving frequency (Fig.
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FIG. 4. Comparison between the internal friction for (6) lon-

gitudinal and (o) transverse 30-MHz ultrasonic waves in the

(~a2O3)0. 26(P2O5)0. 74 glass

1); this is consistent with the linear frequency dependence
predicted by this tunneling mechanism, although for a
plateau it is not possible to make a quantitative test of the
frequency-temperature dependence. The influence of oth-
er interactions, which could lead to ultrasonic attenua-
tion in this range of temperature, has been examined us-

ing the procedures described in detail in Ref. 11 and can
be discarded. The values of the product Py;, determined
using the techniques detailed in Ref. 11, are given in
Table I. The values of Py; are of the same order of rnag-

nitude for both the samarium and lanthanum glasses and
decrease with increasing concentration of lanthanide ion.

The high-temperature acoustic attenuation has been
analyzed using

g2 N 1 EP(E) dE .
4pu, 3ks T 1+~'+(E)

1n Eq. (p}, p, is an average deformation potential that

expresses the coupling between the ultrasonic stress and
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TABLE I. Values of parameters related to the thermal relaxation (E,Ep Tp and NBI ) and to tun-

neling efFects (CI and Pyl) in samarium and lanthanum phosphate glasses. The density p and velocity
of longitudinal ultrasound vI are those measured at room temperature.

Glass
p vi E Eo NBI wo CI Py

x (gcm ) (ms ') (meV) (meV) (10 eV cm ) (10 ' s) (10 ) (10 ergcm )

(La203)p 26(P20s)p 74

(Sm203) (Pcs) ] 0.19 3.22 4755 95 68
0.25 3.52 4421 99 53

3.41 4463 107 60

3.21
1.22
0.61

1.7
4.5
5.8

2.9
2.4
2.8

2.12
1.63
1.88

the system, P(E) is the E distribution function, T the ab-
solute temperature, co the ultrasonic angular frequency, v;
the sound velocity, and ~ the relaxation time, which is
connected to the activation energy E for the process and
to the frequency factor by an Arrhenius-type equation'

'=ra 'exp( E/k&—T) .

Because of the inherent randomness of the system, it is
quite reasonable to assume a Gaussian distribution for
P(E), i.e.,

P(E)= N
exp

(2n)' E
(E E)'—

2E0
(3)

Here N is the total number of relaxing particles per unit
volume, and E and Eo are the most probable value and
the width of the distribution. From the data analysis, the
values of E, Eo, NB~', and r were obtained by least-
squares fits of the results using a Minuit minimum search
program.

Typical fits of the relaxation loss are shown by a solid
line in Fig. 5. The good fit to the shape of the experimen-
tal results and the finding that the theoretical parameters
obtained from the fits to the experimental data at various
frequencies are the same within a few percent evidence
the validity of this theoretical approach. The relaxation
parameters, resulting from this analysis, are also given in
Table I. The mean activation energy E is independent
of both the type and concentration of the lanthanide ion.
This finding strongly suggests that the local arrangement
of the relaxing particles is not greatly infiuenced by the
addition of the network modifier ions. The other striking
feature of the results is that the product NBI, involving
the density N of the relaxing particles and the deforma-
tion potential B&, decreases markedly as the samarium-
ion concentration is increased.

To discuss the possible microscopic origin of the relax-
ing centers, we have to distinguish between the effects of
extrinsic and intrinsic defects, because phosphate glasses
might contain a substantial amount of water or OH
groups. In fact, it has been found that the presence of
OH in the glassy structure has a large effect on the high-
temperature acoustic loss, ' but hardly any influence on
the low-temperature (below 10 K) acoustic properties. '
Fourier transform ir (FTIR) analysis of the glasses stud-
ied here revealed no sign of OH groups within experi-
mental accuracy, so that their amount is definitely lower
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FIG. 5. Comparison between the experimental data for the
ultrasonic attenuation across the broad relaxation peak and the
fit with the distribution of activation energies (solid line) for
(La203)0.26(P2Os)0. 74 () and (Smz03)o. 2s~'2Os)o. 7s (I:I) glasses.

than 0.1 mo1.% (corresponding to a number of particles
& 10' cm ). By using the NBI values obtained in our
glasses and a value of 1 eV for the deformation potential
(a value usually expected for the glassy oxides with glass
transition temperatures Tg, similar to those of the glasses
studied, ' we deduce an order of magnitude of 10
cm for the number of relaxing particles N. Taken to-
gether, these observations involving E and NBI exclude
OH groups as the microscopic origin for the relaxation
and suggest that the relaxing particles are sited in the
phosphate skeleton. First, if the relaxations do occur in
the skeleton, then the activation energy should not be
greatly affected by alteration of the number of modifier
ions, as found. Second, the deformation potential, which
describes the coupling between ultrasonic stress and the
two well systems, shows a roughly linear correlation with
the glass transition temperature T for a wide range of
amorphous materials. ' However, the glass transition
temperatures of these glasses do not change markedly
with rare-earth concentration [T =900 K (Ref. 16)], im-

plying that neither does the deformation potential. Con-
sequently, the quantity in NBI, which decreases with in-
creasing rare-earth modifier content, must be the density
N of relaxing particles.

In the case of vitreous Si02 and silicate glasses, there is
a broad consensus that the structural relaxations are as-
sociated with the glass network, although a number of
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models have been proposed. In brief, in one type of mod-
el the two well systems have been taken to involve
different configurations of the oxygen atoms which bridge
neighboring tetrahedra. ' ' More recently, it has been
demonstrated that a modal harmonic libration of the cou-
pled Si04 tetrahedra provides a coherent explanation of
all the relaxation phenomena observed experimentally in
vitreous Si02. Since the skeleton of the vitreous phos-
phate is also constructed from corner-bonded tetrahedra
PO4, it is plausible that the relaxation mechanism is simi-
lar to that operating in the silicates. However, because
the addition of a modifier reduces the number of PO4
tetrahedra, which are bonded at three corners, it would
also lead to a reduction in the number of degrees of free-
dom in the librational model. So the reduction of the
number N of relaxing centers cannot be used in itself to
distinguish between the two types of models used to de-
scribe the relaxation mechanism.

It can be argued similarly that in the low-temperature
tunneling region below about 15 K the major effect on
Py I of changing the concentration of rare-earth modifier
ions should be on the spectral density P of the relaxation
centers rather than on the deformation potential y&.
Thus the decrease in Pyi with increasing concentration
in the glass of both samarium and lanthanum ions (Table
I) may be ascribed to a reduction in this density P.

A particularly interesting feature of the results is
that the difference in attenuation between the
(SmzOs)o. &9(pzOs)o. si and (SmzOs)o. zs(PzOs)o7s glasses is
similar for the low-temperature tunneling plateau and the
higher-temperature relaxation peak (Fig. 3). This im-

plies that the same centers are responsible for both the
tunneling and high-temperature classical relaxation
effects. The view that this is so has been cogently ex-
pressed by Phillips' who has given a theoretical con-
struct of the temperature dependence of the acoustic loss,
which links both the one-phonon-assisted tunneling and
classical relaxation rates. The forms of the experimental
curves obtained for the temperature dependences of the
attenuation of both the lanthanum (Fig. 1) and samarium
(Fig. 3) phosphate glasses exhibit a marked resemblance
to the theoretical curves given by Phillips in Fig. 3 of his
paper. '

Recent measurements of the specific heats of these lan-
thanum and samarium phosphate glasses have shown
that the magnitude of the excess specific heat at low tem-
peratures decreases with increasing lanthanide-ion con-
centration. This behavior has been correlated with a
decrease in density of the additional low-energy excita-
tions. The similar trends found in the dependences of the
attenuation and specific heat upon modifier concentration
suggest a common microscopic origin for the mechanism
which regulates the vibrational properties of these
lanthanide phosphate glasses.

negative slope at high temperatures, becoming Aat when
the temperature is lowered down to 0 K: As2S3 and

As2Se3 are a classical example of glasses in which the
sound velocity is governed by the anharrnonicity only in
the 40—300 K range. ' In contrast, tetrahedrically bond-
ed glasses, such as Si02, BeF2, and Ge02, show a
minimum in the sound velocity over the same tempera-
ture range, which has been interpreted by several models,
but without a satisfactory and conclusive explanation.
The present curves are similar to those obtained in pure
boron dioxide and sodium borate glasses, "which show
a negative temperature coef5cient in the whole range in-

vestigated, but with an increasing slope at low tempera-
tures. A quantitative explanation was not given in those
cases, and the experimental behavior was interpreted as
being governed by anharmonic effects at high tempera-
tures (T) 100 K) and by the thermally activated relaxa-
tions of structural defects (which cause peaks in the
acoustic attenuation at =-60 K) at low temperatures. The
existence of broad peaks in the acoustic attenuation be-
tween 20 and 300 K suggests that a similar interpretation
can also be applied to phosphate glasses.

Evaluation of the magnitude of the excess contribution
to the sound velocity provides insight into the microscop-
ic mechanisms which cause the increasing slope below
100 K. First, anharmonic effects have been extracted by
using an extension of the quasiharmonic continuum mod-
el of Garber and Granato to isotropic materials. ' The
temperature dependence of the longitudinal sound veloci-

ty is

L
Vt =VI

Lo

3/2

1 —I I'I p

1/2

(4)

with
4

T T o/Tx dx
Q~ p~ 0 e & ]

where vo is the sound velocity at T =-0 K, L the length of
the sample, 8 the Debye temperature, and I I a
coeScient which depends on the Gruneisen coeScient,
among other things. The constant I I has been chosen to
fit the data at high temperatures where the influence of
the relaxation is negligible. The length of the sample L
has been assumed as constant since the linear thermal ex-

pansion coefficient (-10 K ' or less) is small over the
whole temperature range. Using the room temperature
values of 8 for lanthanum (364 K) and samarium (344 K)
glasses, the relative difference in velocity, hv /vo, has

been evaluated; the calculated behavior for the

(LazO&)o z6(PzOs)o 74 glass is shown in Fig. 6.
The dispersion arising from the thermally activated re-

laxations of the structural defects, which cause the peak
of acoustic attenuation, can be expressed well by

B. Sound velocity

The temperature dependences of the ultrasound veloci-
ties in both types of lanthanide glasses examined di6'er

markedly from that expected from the vibrational anhar-
monicity, which would be a nearly linear behavior with a

v
rei

P(E) dE . (6)
8pv, ksT 1+a) r (E)

By inserting in Eq. (6) the values of the parameters ob-

tained through the fit of the relaxation loss (see Table I),
it has been possible to assess the dispersive contribution
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attenuation for T&3 K. In the coT, '" «1 region, the

temperature dependence of zulus due to the overlap of
the two contributions can be written as
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T= —nC, ln
0
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FIG. 6. Temperature dependence of the fractional sound ve-

locity of 10-MHz longitudinal ultrasounds in

(La203)p 26(P20s)p 74 glass. The anharmonic and relaxation con-
tributions to hv/vp, calculated using Eqs. (5) and (6) (see text),
respectively, are inserted to shown the presence of an excess
contribution to the sound velocity in this temperature region.

in both the glasses. The curve, labeled as "Rel" in Fig. 6,
corresponds to the lanthanum glass. The summed anhar-
monic and relaxation contributions underestimate the ex-
perimental effects, also shown for the same glass in Fig.
6, emphasizing the presence of an excess term in hu /uo
arising from mechanisms of distinct microscopic nature.
The differences obtained between the experimental values
and those calculated by Eqs. (5) and (6), given in Fig. 7,
follow a linear trend with increasing temperature and
with a slope which is larger for the lanthanum glass. It is
worthwhile emphasizing the linear temperature depen-
dence of the sound velocity also observed in the As2S3,
As2Se3, and Se glasses has been ascribed to the HO con-
tribution only.

The physical mechanisms, which could contribute to
the velocity in this temperature range, include TLS reso-
nance and the same TLS phonon-assisted relaxation
which is considered to cause the plateau in the acoustic

The parameter n is equal to —,
' in the case of a direct or

one-phonon process and to —,
' in the case of a first-order

Raman or two-phonon process.
The results shown in Fig. 5 demonstrate that the excess

contribution does not follow the logarithmic temperature
dependence predicted by Eq. (7). The SPM approach,
which suggests that the low-temperature anomalies in the
physical properties of glasses result from a distribution of
anharmonic soft potentials, ' provides an alternative ex-
planation. The description of the tunneling states and
soft harmonic oscillator (HO) characterizing a glassy net-
work originates from such potentials. The SPM predicts
that, in the temperature region explored, the TLS contri-
bution to the sound velocity arises from phonon-assisted
tunneling (coTmt'" «1) and from thermally activated hop-

ping across the barrier separating the two wells, when the
temperature is higher than a crossover temperature
T, =0.27W/kzln'~ (1/coro} Here. W represents a
characteristic energy in the soft anharmonic potential

3 4
X X XV(x)=so ri — +g — + (g)
a a a

when rl=g=0; x is the generalized coordinate of the soft
mode and a a characteristic length of the order of the in-
teratomic spacing. The energy W can be evaluated from
the position of the minimum (W=2ks T;„)in the tem-

perature dependence of Cz(T)/T, C~ being the specific
heat. The value of T;„ for all the glasses studied is
=2.5 K, ' so that T, turns out to be -3 K for an ul-

trasonic frequency of 10 MHz and ro-10 ' s (see Table
I).

The TLS phonon-assisted relaxation gives rise to a
temperature dependence of b,uluo equal to that given by
Eq. (7), while the TLS thermal relaxation produces the
following contribution to the sound velocity:

0.000-

-0.002-
U

re)

4= ——C.
3 1

3/4
B

W N'Tp
(9)

CI -0.004—
8

c5

-0.006—

A further mechanism contributing to the sound velocity
is the relaxation of HO and is due to the modulation of
interlevel spacing by the sound wave. In the ultrasonic
frequency range, this process causes a negligible attenua-
tion and the following behavior for the sound velocity:

-o.ooe
0

I

20
I

40
T(K)

I

60
I

80 100
HO

2gv'2 4
9 'EC (T —T).

0
0 (10)

FIG. 7. Excess contribution to the longitudinal sound veloci-
ty over that provided by the addition of the anharmonic and re-
laxation terms calculated by Eqs. (5) and (6) for the
(Laz03)o. 26(~2Os)0. 74 () and (Sm203)o. 2s(P2Os)o. 7s (0) glasses.
The solid lines represent the best linear fit.

In Eqs. (9) and (10},C; is the same parameter as defined
in Eqs. (1) and (7}; Eo=3W sets the crossover between
the TLS and HO descriptions.

Both Eqs. (9) and (10) predict similar temperature
dependences for AU/Up, even though the coefficient of
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T ~ in Eq. (9) has been evaluated as -=2.68C;, while that
of (T To) in Eq. (10) -=0.29C;. This difference in mag-
nitude enables an evaluation of the relative influences of
the two mechanisms on the observed behavior. The
sound lines in Fig. 7 are a linear fit, as expressed by Eq.
(10), to the experimental data; the slopes give a value for
CI of 2.62X10 for the lanthanum and of 1.91X10
for the samarium glass.

Equation (9) also gives a good fit to the excess b, uluo
providing values of CI equal to 0.90X10 for the lantha-
num and to 0.64X10 for the samarium glass. It is
found that both the values of Cl obtained by Eq. (10) are
very close to those obtained by the analysis of the plateau
of acoustic attenuation (see Table I); this evidences that
the HO relaxation is the dominant process in determining
the excess contribution to the sound velocity in the tem-
perature region below 100 K.

V. CONCLUSIONS

An ultrasonic study of phosphate glasses
(R203)„(P205), , which contain very high concentra-
tions of lanthanide R + ions has revealed that, in the
temperature region between 1.5 and 350 K, the acoustic
attenuation and the sound velocity show behavior mainly
determined by mechanisms having localized motions of
atom groups as their microscopic origin. Relaxation
peaks at high temperatures and a plateau at low tempera-
tures (below 10 K) characterize the acoustic loss and ex-
hibit similar dependences upon the modifier concentra-

tion, suggesting a common microscopic origin. The con-
centration behavior of the main parameters regulating
both the low- and high-temperature anomalies can be ex-
plained by considering that the relaxing centers are
within the phosphate skeleton of these glasses, which are
built on linked PO4 tetrahedra.

The temperature dependence below 100 K of the sound
velocity shows an excess contribution (over that expected
from the vibrational anharmonicity and the thermally ac-
tivated relaxation), which has a linear temperature depen-
dence. This observation can be well accounted for within
the framework of the recent SPM, which explains the
low-energy excitations in a glass in terms of anharmonic
soft atomic potentials. A comparison between the pa-
rameters obtained from modeling the plateau of acoustic
attenuation and the excess contribution to the sound ve-

locity indicates that the dominant relaxation mechanism
involves soft single-well potentials or harmonic oscilla-
tors, which interact with the ultrasonic deformation field

by a modulation of the interlevel spacing.
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