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Brillouin and Raman-scattering experiments have been performed on the fast-ion conductor

(AgI) (AgPOs)q ~ in the full glass-forming region (0 & 2: & 0.55) from 18 to 330 K. We have

been able to cover the full spectral range (0.2 & u & 350 cm ) in this kind of solid-state

sample by using the same spectrometer. The Raman spectra generally show a quasielastic

scattering and two bumps centered at 30 and 110 cm, with the last one being present only

in the polarized configuration. By increasing the AgI content, the behavior of the Brillouin

and Raman intensities together with the Raman spectral shape suggests the hypothesis that
the Raman scattering of such glasses can be reconstructed by the sum of the pure n-AgI and

AgPO3 spectra. Hence in these glasses the vibrational dynamics of pure n-AgI and AgPO3
seems to be weakly interacting with each other. Our data are compatible with the hypothesis

that the structure of these glasses is formed by clusters of AgI dispersed in the AgPO3 host

matrix.

I. INTKODUCTION

The superionic glass family (AgI) (AgPOs)i ex-
hibits interesting dynamical properties together with
fast-ion diffusion of the cations. The pure AgPOs is
a glass with poor conductivity while the AgI is one of
the superionic conductors with higher conductivity. In-
deed the latter is a widely studied system: at 147'C it
goes through a first-order phase transition from an or-
dered wurtzitelike structure (P phase) to a cubic one (n
phase). After the phase transition the ionic conductivity
increases by more than four orders of magnitude. ~ A pos-
sible explanation of the high ionic conductivity2 is that
this last phase is not a completely ordered one because
the Ag+ ions have several equivalent and semiequivalent
structural sites favoring the Ag+ travel.

The easy procedure in varying the AgI concentration
in the glasses (AgI) (AgPOs)i allows us to study the
dynamical and structural changes of the system for a
wide range of silver iodide content.

The main problem in the study of the AgI-based glasses
is understanding the role of silver iodide in connec-
tion with the ionic conductivity. By means of neutron
diA'raction and inelastic neutron scattering, the pos-
sibility has been shown of the existence of small clusters
of distorted tetrahedra of silver iodide dispersed in the
host matrix.

In some previous works about silver-iodide —silver-
borate glasses, one of us (A.F.) interpreted the Raman
scattering as being mainly due to AgI, which is expected
to strongly contribute to the polarizability of the sys-
tem. In those papers it has been hypothesized that AgI
tends to reproduce connected and distorted tetrahedra
and such a connection would favor the Ag+ conductivity,

thus allowing the travel through some dift'usion paths due
to the presence of many sites in the AgI units.

In this work we present light-scattering results ob-
tained by coupling two different scattering techniques

(i.e. , the Raman and the Brillouin techniques) in the
study of silver-phosphate glasses in a wide range of tem-
peratures (from 18 to 330 K) and AgI content (0 & z &
0.55). The goal of these measurements, with respect to
those previously reported in literature, has been the pos-
sibility of covering, in this kind of solid state sample,
the full spectral range (0.2—350 cm i) by using the same
spectrometer.

In this first paper we will focus our attention on a
quantitative description of the spectrum in the frequency
range u ( 350 cm . In a second paper we will discuss
the origin of the low-frequency contribution to the Ra-
man spectrum, also called quasielastic scattering (QES),
which is presently a subject of great interest.

II. EX.PER.EMENT

A. Sample preparation and characterization

Disk-shaped samples (30 mm diam, 2 mm thickness)
were prepared in our laboratory following a standard
procedure employing appropriate amounts of AgI and

H3PO4. In order to have a complete reduction, the pow-

ders were heated at first in a quartz crucible at 700 K
for 2 h, then the melted solution was obtained by fur-

ther heating at 800 K for 5 h. Quenching was obtained

by rapidly pouring and pressing the melted compounds
onto a steel mask kept at about 400 K. Finally the sam-

ple was annealed at T ( T~ with the aim of minimizing

the thermal stress. We have controlled the chemical com-
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position and measured the glass temperature T& and the
mass density p, thus obtaining data in good agreement
with those reported by other authors. ~ Beyond that, by
x-ray-diA'raction measurements we have verified that no
crystalline microdomains were present in our samples.

~e have prepared the AgPOs glass and
(AgI) (AgPOs)q glasses at z = 0.1, 0.2, 0.3, 0.4, 0.5,
and 0.55 concentrations, in order to explore the full glass-
forming region. The samples were polished, thus obtain-
ing good optical surfaces with roughness of the order of
1 pm.

Crystalline pure a-Agi were grown in an optical
oven by Lars Borjesson using a procedure described
elsewhere.

B. Experimental setup

Measurements were performed by a vertically polarized
single mode TMoo Spectra Physics 2020 argon-ion laser
operating with the 5145-A. line. The nominal laser power
was kept under 30 mW in order to avoid sample heating
and darkening, which is due to the photosensitivity of
the glasses.

The scattered light was analyzed by a SOPRA
DPDM2000 monochromator after having selected the de-
sired polarization. The monochromator operated in a
single pass double monochromator configuration~o at the
11th diAraction order. In this condition the limiting res-
olution was 0.04 cm with a slit width of 20 pm. A 90'
scattering geometry was adopted, and polarized (VV)
and depolarized (HV) spectra have been collected.

A four optical window Aux cryostat was employed for
sample cooling with a thermoregulation within 1 K from
18 K to room temperature.

The spectra were taken at several different resolutions
in order to eliminate the stray light component. The
connection of diA'erent resolution spectra allowed us to
have reliable data from 0.2 to 350 cm ~. After this con-
nection our data were corrected for dark counts and for
frequency- and polarization-dependent overall trasmis-
sivity.

Finally a nearly Bat luminescence background has been
parametrized and subtracted from our spectra.
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tents and temperatures is shown in Fig. 2. It should be
noted that by increasing the AgI concentration [see Fig.
2(a)] the band centered at 110 cm ~ (which is absent at
z = 0.0) increases, together with a strong growth of the
QES which at z = 0.55 completely merges the band at
20 cm r. A similar behavior regarding the QES has been
found increasing the temperature at a given AgI content,
as Fig. 2(b) shows.

Finally let us consider the Brillouin scattering. In Fig.
3 we report the room-temperature Brillouin doublet ob-
tained from (AgI) (AgPOs)~ glasses at two different
concentrations of silver iodide and in pure (AgPOs). A

Brillouin shift decrease can be seen at increasing z. Due
to the high elastic scattering (caused by some imperfec-
tion present in our samples) and to our limited rejection,
we have not obtained reliable data for the transverse Bril-
louin peaks, even if in some cases they were detected (see

(b)

FIG. ].. Polarized (solid line) and depolarized (circles)
spectra of the room-temperature x = 0.4 glass. The two
spectra are superimposed to emphasize the different spectral
shape in the three considered frequency domains.

III. RESULTS

In this section we present the experimental results ob-
tained following the procedure described in the previous
section. In Fig. 1 the z = 0.4 room-temperature spec-
trum in the polarized (VV) and depolarized (HV) con-
figurations is shown in the frequency range between —1
and 250 cm, where the Brillouin doublet is seen to-
gether with the Raman scattering. The VV as well as
the H V Raman spectra are roughly composed of a long-
tail quasielastic contribution plus a broadband centered
around 20 cm ~. Only in the polarized spectrum is a sec-
ond broad contribution around 110 cm present. The
behavior of the Raman spectral shape at several AgI con-
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FIG. 2. Raman scattering from (AgI) (AgPOs)q
glasses. (a) Polarized room-temperature spectra obtained
at different AgI concentrations from z = 0 (i.e., AgPO&) to
z = 0.55. (b) Temperature behavior of the depolarized spec-
tral shape for the x = 0.55 glass from 60 to 290 K.
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FIG. 5. Temperature behavior of the longitudinal Bril-
louin shifts for the (AgI) (AgPOa)& glasses: (o) x = 0.55;
(&&) x = 0.4; (+) x = 0.3; (x) x = 0.2; (~) x = 0.1; (C3)

x = 0.0.

FIG. 6. Room-temperature sound velocities (see Table I)
as a function of AgI concentration (circles). Crosses and the
a-Agl longitudinal sound velocity ((&) are from Ref. 14.

louin doublet as an internal standard. We have there-
fore measured the room-temperature Brillouin intensi-
ties at a given experimental condition (i.e. , laser power,
slits width, etc.) merely changing the samples. The ob-
tained data are reported in column 6 of Table I, where a
linear increase of Brillouin intensities is shown together
with the AgI content. An evaluation of the Brillouin
intensity using the Lorentz-Lorenz relation to calcu-
late the polarizability cannot account for the measured
increase, which is found to be more than 2.5 from z = 0.0
to z = D.55.

A better result can be obtained if we consider the po-
larizability modification due to long-range interaction.
From the work of Mazzacurati et al. , the measured Bril-
louin intensities can be written as

2

where p is the mass density, vI. is the longitudinal
sound velocity, n is the refractive index, and

2/(n+ 1) 2n/(n+ 1)~ accounts for the transmission at
the two vacuum-sample interfaces.

Following Eq. (3), the theoretical behavior of the Bril-
louin intensity versus AgI concentration has been evalu-

ated (see column 7 of Table I) using the available data for

8. High frequency i-sotropic spectra

Having verified that the temperature behavior of the
isotropic spectrum follows the Bose population factor the
trivial temperature dependence of the one-phonon scat-
tering has been taken into account. Hence our intensities
evaluations have been done using

I;, (~) = I;, (u)/[n(~, T) + Ij (4)

for the Stokes side, where I;, is the experimental datum
and n(u, T) = I/(e"~/ "T —1).

The integrated intensity II of the reduced high-
frequency contribution to the isotropic spectrum (nor-

the refractive index (i.e., for %=6471 A). Indeed, as Eq.
(3) shows, at high n (n ) 2) the predicted Brillouin in-
tensity is strongly n dependent. The resulting computed
data reproduce reasonably the measured trend even if,
due to the lack of knowledge of the true refractive index

( at A = 5145 A.), some differences may be expected. For
instance, a variation of 5% in n—as rough measurements
performed by us seem to indicate —is su%cient to repro-
duce the experimental trend. The agreement between
the experimental data and the predicted ones makes us
confident in using the Brillouin intensities as a reference
for comparing the Raman intensities in different samples.

TABLE I. Room-temperature measurements of mass density (p) (present work) and refractive
index (n) (11) at different AgI concentrations (x). From the Brillouin shifts (u~) (column 4) the
longitudinal sound velocities (ug) are calculated (column 5). In columns 6 and 7 we compare the
measured (I&"~') and the theoretical (I&"' ') trend of the Brillouin intensities versus AgI content
(see text). The intensities are normalized to the one at x = 0.

0.0
0.1
0.2
0.3
0.4
0.55

1.79
1.83
1.86
1.90
1.93
2.1

p (g/cm)

4.45
4.70
4.85
5.02
5.21
5.43

4p~ cm

0.532
0.525
0.509
0.500
0.499
0.484

ul. (10 cm/sec)

3.24
3.13
2.99
2.87
2.82
2.51

expt
H

1.0
1.28
1.75
2.04
2.62

ytheor

1.0
1.13
1.30
1.51
1.62
2.92
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B. Anisotropic scattering

With the aim of evaluating the integrated intensity of
the one-phonon contribution to the anisotropic scatter-
ing, the temperature evolution of the anisotropic spectral
shape has been analyzed at each given AgI content (see,
for instance, Fig. 2, where the anisotropic spectra of the
z = 0.55 glass at several temperatures are shown).

It may be noted that (see Fig. 7), while no difference
is observable in the spectral shape of the reduced spectra
for u )20 cm, at low frequencies the QES appears
and its intensity is strongly temperature dependent. By
means of this de'erent temperature behavior we are able
to separate these two contributions, merely subtracting
the reduced spectrum at 18 K from the ones at all other
temperatures. Using this kind of procedure, a systematic
error due to the nonzero quasielastic scattering contribu-
tion at low temperature may be introduced. However,
an evaluation of this QE~ contribution to the anisotropic
spectra at 18 I& shows that it amounts to less than 5%
of the total one-phonon scattering.

This procedure has been repeated at all measured con-
centrations of silver iodide and therefore we have ex-
tracted the one-phonon contribution.

En this paper we will focus our attention on a quantita-
tive description of the one-phonon contribution, while a
full discussion of the QES contribution (which also needs
higher-temperature data) will be presented in a future

TABLE II. Integrated intensities vs AgI content (x) of
the different contribution to the Raman spectra. Intensities
are measured with respect to the Brillouin ones. Column 2

regards the one-phonon contribution to the isotropic spectra
(Ir) while column 3 regards the anisotropic one (IA).

0.0
0.1
0.2
0.3
0.4
0.55

0
15+3
22+4
36+7
35+7
53+10

42+8
95+19
127+25
163+32
150+30
190+38

malized to the Brillouin ones) may be therefore evaluated
(see Table II, column 2) and we have found that this in-
tensity closely follows the increase of the AgI content. It
is we11 known that in the Raman spectrum of Q.-AgI a
broadband centered around 110 cm is present, the ori-
gin of which has been assigned to the optical-phonon den-
sity of states. On the other hand, in the Raman spectra of
silver-borate glasses the same band appears around 110
cm and increases with the AgI concentration, indicat-
ing that the dynamics of these glasses in this frequency
region is very similar to that of Q,-AgI. The present data
regarding the Raman intensity in the phosphate glasses
show in a quantitative may that the polarized band at
IIO i cm can be assigned to the AgI optical density of
states.

0 10 20 0 100
frequency shift ( cm )

200

FIG. 7. Reduced intensity I(ur)/ [n(u, T) + I] at two dif-
ferent temperatures: circles for T = 60 K, solid line for
T = 290 K, both for the s = 0.55 glass. In (a) the QES
is evident. Let us note (b) that over 30 cm the spectral
shapes are the same.

I( )glass I( )AsPog + I I( )n-Asr (5)

We can expect that this kind of reconstruction could work
in the frequency range where only the one-phonon scat-
tering contributes to the anisotropic spectrum.

Because glasses and pure 0.-AgI do not exist at the
same temperature, room-temperature anisotropic spec-
tra of glasses have been obtained using in Eq. (5)

I;,s (~, T = 290 K) = I „;,s (cu, T = 490 K)
n((u, T = 290 K) + 1

X
n(~, T = 490 K)+1 (6)

paper.
Recalling the definitions given in Eqs. (1) and (2), the

Brillouin intensity has been used again as a reference
to evaluate the intensity of the one-phonon anisotropic
scattering at all the AgI concentrations (see Table II,
column 3). There, it can be seen that the intensity of
the anisotropic spectrum is an increasing function of the
AgI content. All the information we have presented up
to now could suggest that the whole spectrum can be
regarded as a superposition of the spectra of the pure a-
AgI and AgPOs components. In fact, (i) the anisotropic
as well as the isotropic one-phonon integrated intensi-
ties are monotonic functions of x; (ii) the PO4 molecular
structures at 675 cm just change their intensity as a
function of z, this being due trivially to the increasing
AgI content; (iii) many authors4 s s i2 i~ support
the hypothesis that two species that are AgPO3-like and
a-AgI-like should coexist in this glassy material even if
the dimensions and the spatial distribution of this kind
of cluster is still a controversial problem.

Hence we have made the rough hypothesis that the
whole one-phonon density of states can be regarded as
a superposition of the AgPO3 and a-AgI spectra. In
order to check this hypothesis, some test measurements
on an Q.-AgI single crystal have been performed and a
tentative reconstruction of the one-phonon glass spectral
shape has been obtained by using
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FIG. 8. Reconstruction of the room-temperature x = G.3
experimental anisotropic spectrum using Eq. (5). Solid line,
experimental data; dots, reconstruction. The inset shows the
a-Agi (-) and AgPO3 (o) spectra used to obtain the recon-
struction.

FIG. 9. Ratio of the coefficient (b/a) used in the recon-
struction of the experimental anisotropic spectra as a function
of AgI content. The solid line is the function x/(I —x).

As an example, in Fig. 8 the whole anisotropic spec-
trum (i.e., one-phonon + QES contribution) of the z =
0.3 glass is shown together with the one obtained follow-
ing Eq. (5). The agreement may be considered satisfac-
tory for u ) 10 cm ~ for all z values, while at lower
frequencies, where the QES contribution becomes pre-
dominant in the glass spectrum, we found discrepancies
that become greater at high z values. Indeed, while
in the frequency range 5 & ~ ( 20Q cm, the o.-AgI
spectrum is known to be due to the one-phonon density
of states, the scattering contributions to the very-Iow-
frequency domain are still an open problem (Ref. 19 and
references quoted therein), and therefore we cannot ex-
pect that our reconstruction could be extended to this
frequency range.

We have also found that the ratio bja of the coefffcients
in Eq. (5) (roughly 30%) behaves as z/(1 —z). In Fig. 9
we report such values together with the expected curve.

V. CONCLUSION

Thanks to the possibility of having reliable data of
Brillouin and Raman scattering, we have analyzed in a
quantitative way the diverse spectral components. The
behavior of the isotropic and the anisotropic parts of
the spectra as a function of temperature and AgI con-
tent suggests the hypothesis that the dynamics of the
glass (AgI) (AgPOs)q can be explained considering
the glass as being formed by two weakly interacting
phases: the pure rr-Agl-like phase and the AgPOs phase.
Indeed, this kind of hypothesis has been done for silver-
borate glasses whose dynamics seems to be very close to
the silver-phosphate ones (see the discussion of the pre-
vious section ).

As a matter of fact, extended x-ray-absorption fine
structure (EXAFS),~~ neutron diffraction, -""- and Raman-

scattering measurements on silver-borate glasses in-
dicate the presence of "amorphous" n-AgI-like clusters.
The dimension and the spatial distribution of these clus-
ters are still an open problem even if neutron diffraction
and Raman measurements indicate that they are about
20-30 A. .

Our data regarding silver-phosphate glasses are com-
patible with the presence of such clusters even if Brillouin
measurements (present work and Ref. 11) indicate that
their dimension has to be much smaller than the wave-
length of the measured acoustic mode. The behavior of
the isotropic as well as the anisotropic spectra is consis-
tent with the presence of two weakly interacting phases.
Regardless, there would not be crystalline microdomains
within the glass matrix: a partial order due to the pres-
ence of fixed iodine in a cubic arrangement, as in n-AgI
is not possible; rather, we would be faced with an "amor-
phous phase" of silver iodide.

Indication on the dimension of the clusters could be
inferred by using the Martin and Brenig model, i. e.
from an accurate analysis of the low frequency spectral
shape of the vibrational density of states. s Our study
of the temperature behavior of the spectral shape would
enable us to carefully describe this frequency domain,
thanks to the possibility of distinguishing the QES from
the one-phonon density of states. Works are in progress
in this direction.
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