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Structure and cation dynamics in the system Agl:AgMoO,: A 1°°Ag NMR study

Piercarlo Mustarellf, Corrado Tomasi, Eliana Quartarone, and Aldo Magistris
C.S.T.E.-C.N.R. and Department of Physical Chemistry, University of Pavia, Via Taramelli 16, 27100 Pavia, Italy

Maria Cutroni and Andrea Mandanici
Department of Physics, University of Messina and UtN&M, ctr. Sperone, 98100 Messina, ltaly
(Received 6 February 1998

The system (Agl)_,(Ag,M00,) is studied with'%°Ag solid-state NMR and differential scanning calorim-
etry. Glasses are formed for 6:2<0.4. Outside the glass formation region a glassy phase of molar compo-
sition 0.66 Agl-0.33 AgMoQ, is always found, which is accompanied ByAgl or Ag,Mo0O, crystals. Upon
thermal treatments above 120 °C, a 0.66 Agl-0.33MaO, (2:1) phase crystallizes over the entire composi-
tion range. The chemical shift anisotropy tensor of this phase has been assigned. The anisetiipppsn,
that is an order of magnitude lower than the isotropic chemical shift range observed in silver borate glasses.
The addition of Agl to AgMoO, causes the formation of oxy-iodide sites. The existence of Agl clusters can
be ruled out. Spin-lattice relaxation inside the glass-formation region seems to be controlled by Ag-l scalar
coupling of the first kind, rather than by chemical shift anisotropy. The existence of two maxima in the
spin-lattice relaxation rate curve points towards*Agppulations with different mobility.
[S0163-182698)05537-4

[. INTRODUCTION open about silver molybdate glasses and, among the others,
those concerning(i) the existence of one or more distinct
Silver molybdate glasses, Agl:AQ:MoQ;, are knownto Ag™ populations with different mobility(ii) the growth of
be fast ionic conductors? At present, researchers’ interest is Agl clustering with associated diffusion pathwaysi) the
stimulated not only by the extremely high conductivity glass forming ability of the molybdate, ati¢) the existence
which reaches~10"2Q "1 cm™! at room temperature, but of local composition fluctuations.
also, from a basic point of view, by the growing evidence of  1%°Ag solid-state NMR is a powerful technique to study
anomalies in the structure as well as in their intensive propglassy electrolytes for its capability to discriminate among
erties when compared with silver borate and silver phosphatehemically different Ag ions because of the large chemical
glasses. shift (6~1000 ppm) of silver, and to obtain unique informa-
Minami and Tanakishowed that glasses with a mole tion on ion dynamics through line-narrowing and spin-lattice
ratio Ag,O/MoO;=1 contained no condensed macroanions felaxation. However, these applications are strongly limited
but only discrete Ag, 1-, and MoG . In their model only by the poor signal-to-noise ratio of th@%Ag signal in the
a part of the silver ions are believed to participate in thesolid state, and by the interpretative difficulties of NMR data,
conduction. chiefly because little is known about the chemical shift ten-
Almond, Duncan, and Weteported that the conductiv- Sor in silver compounds. To date, in fact, only a fé%Ag
ity of a glass 0.75 Agl-0.25 AgMoO, (3:1) is due to the NMR papers appeared about silver bordted, whereas
anomalous high prefactor caused by the magnitude of the ionothing has yet appeared about molybdates, to our knowl-
hopping rate. The effective attempt frequency of the hoppingdge.
process appeared to be as high a¥ 30!, chiefly because In this paper we present a detailéfAg NMR analysis
of the effects of activation entropy. St. Adams, Hariharan,on the pseudobinary system (Agl,(Ag,MoQ,),. We
and Maie? recently pointed out that the conductivity en- study both structure and cation dynamics inside, as well as
hancement during crystallization of the same glass camutside, the glass-formation region, which covers the range
hardly be attributed to interfacial effects, as it was found in0.2<x<0.4 as can be appreciated in Fig(ske caption for
phosphate and vanadate glasses. more details The spin interactions that determine both line-
Diffractometric and spectroscopic evidences of anomaliesvidth and spin-lattice relaxation mechanism are discussed.
in 3:1 glass have been also reported. Sweretai® showed = We correlate our NMR data with both out-of-phase and equi-
by neutron-diffraction coupled with reverse Monte Carlolibrium phase diagrams we recently discusSedhich are
method that the origin of the first sharp diffraction peak aris-reported in Fig. 1. In particular, the possible formation of a
ing in the 3:1 glass is somewhat different from that of borateglassy phase of composition 0.66 Agl-0.33,MpO, (2:1)
and phosphate glasses, and cannot be simply explained @ver the entire composition range will be discussed.
term of Agl clustering. Finally, Kamitsost al.” showed by
infrared spectroscopy that the Agnotion frequency in mo- Il. EXPERIMENTAL DETAILS
lybdate glasses remains relatively unaffected by the Agl con-
tent, in contrast to what happens in borates and phosphates. Glassy or partially glassy samples of the
In summary, some relevant questions appear to be stillAgl);_,(Ago,M00O,), system(with x=0.1; 0.2; 0.25; 0.33;
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PW 1710 powder diffractometer, equipped with a Philips
PW 1050 vertical goniometer and a graphite crystal mono-
chromator (CuK « radiatior).
Ill. THEORETICAL BACKGROUND
The NMR chemical shift is due to the screening of the
Y applied magnetic field at a given nucleus by the surrounding
v electrons. The Hamiltonian of interaction to be added to the
400 - ] g Phate, Zeeman term has the folth
— B-Agl+1:1
OO 0 - - 0 hHCSZ')qﬁI(TBo, (1)
~ | ‘ ' wherel is the nuclear spiny, is the gyromagnetic ratid3,
i - Lig / Lig.+ f-AgMoO, is the applied external magnetic field, is the screening
second-rank tensor, and the other symbols have the usual
+o-hel I:1 + B-Ag,MoO, meaning. In the first-order perturbation theory, the chemical
200 peis _qu‘_’“fl_‘_ =0 shift contribution to the resonance frequency is given by the
s 2i+o-Agli_ secular part of the Hamiltonian
e pondl & 2:1+ B-Ag,MoO, sec
L T=10 cs= 71Bol 202, 2
Glass with
[ J [ ] o o ®
+ B-Ag,Mo0, 1
: — Uzzza*+§ ocg(3 o€ 6—1+ 7cg Sir? 6 cos 2p),

0.6 08 1.0 @3

xAg MoO Wheree'andqa are the Euler angle's, and, Scs, and 7cs

? 4 are the isotropic shielding, the anisotropy, and the asymme-

FIG. 1. Phase diagram of Agl:AMoO, system. The inset rep- Ty Parameter, respectively. They are expressed in terms of
resents the equilibrium part. The shaded area indicates the glasile eigenvalues of the diagonalized screening tensor

formation region. The dashed lines give metastable phases bound-

aries. The dotted line at 70 °C represents further nucleatiog- of o* = E Tro=— E (0 11+ O pp+ 0733) (4)
Agl in a composition range where crystallin@Agl is already 3 3\t Tzt Tesh
present in the as-quenched samples. Filled circles indicaf€the
In the case ok=0.40, just the average value of the two observed Scs=033— 0%, (5
Ty's is displayed.

. . . . . ; O22— 011
0.4; 0.5; 0.6; 0.7; 0.8; 0)9were prepared by the melting- Nos= ———& (6)

033~ 0

guenching technique. Appropriate mixtures of Aglldrich
99%) and AgMoO, [prepared by precipitation from aqueous ynder the conventionrsz>o,,>04;, for which 0< 7cs
solution of AgNQ, and NagMoO, (Ref. 13], were melted at <3, The resonance frequency of a NMR experiment is given
600 °C for 2 h inquartz tubes and then quenched down topy
room temperaturért) in stainless-steel molds.

109¢g solid-state NMR spectra were acquired on a v=v.(1- 0y, (7)
AMX400WB spectromete(Bruker, Germany, at a Larmor .

. S wherew, is the Larmor frequency of the unscreened nucleus.
frequency of 18.61 MHz, with a wideline probi@ruker, The o scale is related to thé scale, which is of common use
Germany. The spectra were referenced to a 10 wt. % aque: hiah- lution NMR. by th ,I toA= —
ous solution of AgNQ@. A 90° pulse of 10us, a repetition in figh-resolution » Dy INe refation=~o.

time varying from 100 to 500 s, and a bandwidth of 200 kHzori(Iar:1 tgﬁgﬁ;y;{algzgeavsvimeél 3; mr:t;?;\ %:ﬁ thO:; dmv?/lteeﬂgllse 21"
were chosen. Up to-160 accumulations were needed to 7 quaip Y

obtain acceptabl&/N ratios. The spectra were obtained both random dIStI"Ibl.JtIOI’! of the Euler angles in E8). T.h's Ieads
. t? characteristic wide-line spectra called chemical shift an-
by single-pulse and Hahn-echo sequences. Care was taken.to
e . L . . .~ _isotropy (CSA) powder patterns. The general case 1
avoid signal saturation and to minimize baseline d|stort|ons.¢0 cannot be expressed by closed algebraic relations: the
T, values were obtained from a conventional saturation—involved calculati(?ns were ):e orted bg Bloemberaen énd
recovery sequence. P y 9

Differential scanning calorimetry measuremetBSC) RO'\:'vrllaend;sin-lattice relaxation, T{, determined by the
were run with a 2910 DSC controlled by a TA 2000 SyStemmodulatioa of the anisotropic ’screénin tensor for %/he ionic
(TA Instrument$. All experiments were performed on pow- otion is given by P 9
dered samples, in crimped silver pans, at a rate of 10 *C/mifl" 9

under dry N purge. The temperatures of the thermal phe- 1 “o o
nomena are affected by an uncertainty-c? °C. (T—) = 50- y?B2A o2 %) (8)
Powder x-ray-diffraction patterns were taken on a Philips 1/ csa 1+ ojre
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wherelJ is the scalar coupling constant betwdeandS, Sis

the quantum spin numbew, s are the Larmor frequencies of

| the two spins at the given magnetic field, ang is a char-
WJW acteristic time which depends on the kind of modulation. If

b) the coupling is modulated by diffusiorelaxation of first
kind) 75c has the meaning of a jump time. If the coupling is

modulated by fast relaxation of sp8(S>1/2, relaxation of

1111
‘ the second kind7gc is given by theT, of the relaxing spin
& M s
C) A i A b R

IV. STRUCTURAL INFORMATION

W&w The isotropic chemical shift

(it \

4 /W“WMWWWWWWWVWW\W it Figure 2 shows some representative NMR spectra re-

| ’ ; , | . | | corded over the entire composition range, and namely those
of the samplex=0.1 (a), x=0.33, (b), x=0.7 (c), and x

800 600 gggl 200 0 =1 (d). The samplex=0.1 displays two peaks at 728 and

544 ppm, which are labeled as | and Il, respectively. The

FIG. 2. 1%%Ag NMR spectra at room temperature of the samplesformer is attributed to Agl for its chemical shfftwhereas

x=0.1(a), x=0.33 (b), x=0.7 (c), andx=1 (d). The labels I, I, the latter is likely that of a residual phase of composition
and 1l indicate 8-Agl, a glassy phase and crystalline ApO,, 0.66Agl-0.33AgM00O, (2:1). This attribution has been made
respectively(see text by comparing the areas of the NMR peaks with the theoret-

ical values(reported in Table)lobtained under the assump-
wherew, is the Larmor frequency of the spinand . is a  tion that the maximum allowable fraction of 2:1 phase is
characteristic jump time for the ions. In the motional narrow-formed at each composition. We assume that this last phase
ing limit we have is a glass, since the x-ray-diffraction pattern of sample
x= 0.1 shows only the reflections gFAgl (compare Fig. },

(i) _ M0 anay o © whereas its DSC thermografmot reported hepenighlights a
T1) cgn 307 Y1BoR0 Te clear glass transitiot?
The NMR spectrum of the sampbe=0.33 (b) shows a
and the relationshipT() csa/(T2) csa= 7/6 holds!® single peak at 544 ppnilabeled as peak )| whereasx
If the spin-lattice relaxation is determined by scalar cou-=0.7 (c) is characterized by two peaks at 548 and 127 ppm,
pling of the spinl with another spirSS, we have which are labeled as Il and Ill, respectively. The peak at

TABLE I. The peak numbering refers to the labels of Fig. 2. The chemical @8t and the full width at half heighFWHH) have an
uncertainty of=3 ppm. The areas have an uncertainty®%. The area values reported in the section “2:1 formattbeoretical” have
been obtained by supposing the maximum formation of the 2:1 glassy phase for each nominal composition outside the glass-formation
region.

Center- 2:1 formation
Samples Peak | Peak II Peak Ill of-mass (theoretical
X Area Area Area
(molar CSs FWHH Area CSs FWHH Area CSs FWHH Area Cs Peak | Peak Il Peaklll

fraction  (ppm)  (ppm (%)  (ppm)  (ppm (%)  (ppm  (ppm) (%)  (ppm) (%) (%) (%)

0.1 728 30 65 544 15 35 663 64 36

0.2 733 30 38 551 18 62 620 33 66

0.25 564 8 100 564

0.33 543 10 100 543

0.4 528 9 90 127 19 10 488 86 14

0.5 548 10 74 127 18 26 439 67 33

0.6 548 12 62 127 16 38 388 50 50

0.7 549 10 39 127 16 61 292 35 65

0.8 548 10 13 127 17 87 181 22 78

0.9 548 2 127 17 98 135 11 89

1.0 130 17 100 130

#The value indicated by the center-of-mass of the two peaks reported in Fig. 5.
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FIG. 3. 1%°Ag NMR chemical shifts vs the composition param- ~ FIG. 4. '®Ag NMR chemical shift of the centers-of-mass
eterx of the peaks observed in all the samples studied. Filled circleggainst the total silver cationic molar fractiofyg ;. Dashed lines
represent crystalline Agl. Filled triangles represent a glassy phas@re linear best fits.

Filled squares represent crystalline MpO,. Open squares repre-
sent the_ .positions of the spectra cgnters-of-mass._The (_Jlashed _"f‘eB%tween those of Agl and ANI0O, is that each Ag expe-
the position _of the center-of mass if each sample is an ideal miXingjences, in its coordination sphere, a statistical iodine/oxygen
of the constitents. ratio that changes quasilinearly in the region of interest. Ap-
parently, our data fit well the dashed line fo< 0.6, while a
higher field (1ll) is attributed to AgMoQ,; in fact, it is  dispersion is found for higher values of the composition pa-
nearly at the same position of the single peak observed faiameterx.
x=1 in Fig. Ad). The peak at 548 ppm is again due to a In order to investigate the chemical shift nonlinearity of
glassy phase of composition 2:1, as it is demonstrated by thée center-of-mass, we can plot the data against the total
areas ratio reported in Table I, by DSC measuremErasd ~ silver cationic molar fraction)Y 4, ,=[Agl/([Ag]+[Mo]),
by x-ray-diffraction datgnot reportegl which show only the see Fig. 4. Two neat slope changes become evident at
reflections of crystalline AgMoQO,. Peaks at the same posi- =0.73 and aty=0.80, which correspond ta=0.6 andx
tion, and with nearly the same width, of those of Figt)are  =0.33, respectively. Villaet al. found a knee ak=0.6 in
observed in all the samples in the range<0x5<0.8 (see  silver borate glassésThey argued that the knee corresponds
Table ). We stress here that the mechanisms controlling théo the maximum Agl fraction for which it is possible to have
width of the two peaks are different: in fact, the peak at 548ach silver coordinated to one iodine, and each iodine sur-
ppm is narrowed because of the high ion dynamics of theounded by four silver ions. In their picture, further addition
glassy phase, whereas the width of the peak at 127 ppm f Agl resulted in formation of structures with more than one
determined by the distribution of chemical shift in the silveriodine coordinated to Ag Nonlinearities of*°®Ag chemical
molybdate crystal. This is confirmed by the longitudinal re-shifts values have been recently reported by Setral. in
laxation timesT;, which at rt are~1 s for the peak at 548 silver tellurite glasse¥’
ppm, and~300 s for the peak at 127 ppm. To explain our results we recall that our center-of-mass is

Figure 3 shows the chemical shifts of all the as-quenchethe average of A§ belonging to crystalline phases
samples v. Inside the glass-formation region a single peak(Ag,Mo0Q, or 8-Agl), and of a fraction belonging to the 2:1
is observed. To the left of the glass-formation regian, glassy phase. As a consequence, the NMR signal may reflect
<0.2, the samples are phase-separated into &ijjed  the Ag" local dynamics in addition to well-defined molecu-
circles and 2:1 glasgfilled triangles. To the right of the lar or crystallographic structures. This is consistent with the
glass-formation region=0.4, the samples are again phase-strongly depolymerized model proposed by Minami for sil-
separated into 2:1 glass and MpO, (filled squares Two  ver molybdate glassé8!® When small quantities(<10
glassy phases are observed in the sampl€.4 (see follow- mol %) of Agl are added to AgVioO,, the averaged local
ing). Open squares represent the center-of-mass of the spdield seen by silver molybdate is just marginally modified.
tra; inside the glass-formation region they coincide with theAs a result, our center-of-mass value strongly overestimates
observed single peak. The dashed line which connects thie crystal fraction, and this accounts for the anomaly well-
positions of Agl(728 ppm and AgMoO, (130 ppm) repre-  evident in Fig. 3 forx=0.9, and still appreciable in Fig. 4.
sents the chemical shift each sample would show if it was &or x<0.8 the average time for which a fraction of the Ag
coarse mixture of the constituting compounds, e.g., Agl andons “see” I~ becomes longer than the NMR time scale and
Ag,Mo00,. We stress that the reason why the chemical shifthe signal of the oxyiodide structuré<0-Ag-I-) of the 2:1
of the 2:1 phase is located nearly at one third of the wayglassy phase arises.
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FIG. 5. 1°®Ag NMR spectrum at room temperature of the sample
x=0.4 as-prepared. If we suppose that the actual composition of the glassy part

is near to 0.64 Agl-0.36 AgMoO,, from the NMR areas ra-

For 0.8=x=0.6, the fraction of T that are dynamically tio we obtain for the two phases the values 0.31 andx
“seen” by each Ag increases more and more and reaches=0.38, which are also in agreement with the chemical shift
the ratio 1:4. Fox=0.6 each AJ “sees” one iodine in its  dependence displayed in Fig. 3.
coordination sphere. Vill@t al® demonstrated that the sub- ~ The existence of two glassy phases, one of which very
stitution of one oxygen with one iodine determines an in-near to the 2:1 ratio, is further supported by the DSC ther-
crease of~300 ppm in the Ag chemical shift, which is mogram of Fig. 6 that shows twb,’s at 60 and 74 °C. The
nearly the same variation we measure fram1l to x=0.6  correlation we find between the glass transition temperature
(see Fig. 3 Forx<0.6 a second iodine enters the Ago-  and the supposed glass stoichiometry is in agreement with
ordination sphere, and the average chemical shift changeke thermal data reported by Kawamura and Shifi@ind
with a lower slope. Fox=0.33 the ratio I:Ag is 0.5, that Minami, Nambu, and Tanakéor compositions similar to
means that each Agexperiences, in average, two In its  those we are here hypothesizing. The two partially over-
coordination sphere. The second O/l substitution roughly aclapped exothermic peaks in the temperature range 90—
counts for a chemical shift change-6fL50 ppm. Finally, for 120 °C represent the cold crystallizations of the two glassy
0.33>x=0 the fraction of iodine seen by each Aganges phases. We may conclude that the*Algcal coordination of
from 50 to 100%. However, we have not enough experimenthe 2:1 glassy structure seems to be privileged over the entire
tal points to appreciate the difference between the presena@mposition range, as also supported by the x-ray-absorption
of three or four T in the Ag" coordination sphere. Further- near-edge structure data, ®F 0.25 andx=0.33 reported in
more we recognize that our discussion is only qualitativeRef. 21.
because of the low number of experimental points and their
scattering, and also since they are often the average over
several phases.

Another question arises about the structure of the samples It is well accepted that the spin interaction dominating the
inside the glass-formation region. In fact, a single NMR peak!®®Ag NMR line shape in silver oxysalt glasses is the chemi-
may be observed for one of the following reasofis:the  cal shift®1° While at rt the NMR line is generally narrowed
glassy phase is really homogeneous, in the sense that all thg ionic motion, it is not clear if the broad features to 10
Ag* “see” the same chemical environmefrto composition  kHz, i.e., 620 ppmobserved at low temperatures in borate
fluctuations, or (ii) the cation dynamics is fast enough to glasse¥ are simply a result of a wide distribution of isotro-
average spectral lines with different chemical shift. As a matpic chemical shifts or does the anisotropic part contribute as
ter of fact, subliquid immiscibility with spatial fluctuations of well. As a matter of fact, we are here reporting an isotropic
the order of 10 nm was supposed to exist in Agh®dB,0;  chemical shift range of the order of 600 ppm, whereas
glasseé. Some information may be obtained by a carefulLooser and Brinkmann found shifts in the range 700-800
study of the sampl&= 0.4, which is at the boundaries of the ppm for RbAgls and KAgls,?? and Burgeset al. obtained
glass-formation region. The spectrum»of 0.4, reported in  shift values around O ppm for silver oxyanions in agueous
Fig. 5, displays two partially overlapped peaks centered asolution?®
553 and 523 ppm, respectively, and the peak ofMaO, at Figure 7 reports the NMR spectra at room temperature of
127 ppm(not shown in the figune This last peak accounts the samplex=0.33(a) andx=0.25(b), heated in a oven at
for ~10% of the NMR total intensity. Since x rays show 140 °C for 15 h. The spectrurfa) consists of a pattern of
only some weak reflections of AlgloO,, we believe that the chemical shift anisotropyCSA), which we assign to the 2:1
two high-frequency peaks correspond to two glassy phasesrystallized phase, according with the x-ray-diffraction data

The anisotropic part of the chemical shift



PRB 58 STRUCTURE AND CATION DYNAMICS IN THE SYSTIM . .. 9059

T(C)
80 60 40 20
I f I I
a)
1.0 ﬂ . .
L " Past

- I o \ B
L o / ] |
MWWWW WWWWMWMM | 'l Q,’/ \\\ ]

’ »
| K |

b) & -
s
%
/
L . i
;
7
/ ,
! )
01 | 1 | x | |
‘ | ‘ ' . | 2.8 29 3.0 3.1 32 33 34 35
800 600 400 200 1/T (K-'x1000)

ppm
FIG. 8. 1%Ag NMR spin-lattice relaxation rate T{ of the

FIG. 7. *®Ag NMR spectra of the samples=0.33(a), andx  samplex=0.25. The dashed line is only a guide for the eyes.

=0.25(b) heated at 140 °C for 15 h.
Figure 8 shows the spin-lattice relaxation ratel;1/of

reported in Ref. 12. Similar NMR patterns are found in allthe samplex=0.25 vs the reciprocal temperature. A first
samples where the 2:1 glassy phase underwent crystallizaaaximum is found at 303 K, which indicates the transition to
tion. The samplex=0.25 displays the peak of crystalline Agl the extreme narrowing regime. Near the maximum it is ac-
in addition to the CSA powder pattern of the 2:1 phase. ceptable to let the spectral densilyw,) have the Debye
The singularities of the pattern of Fig(aJ, allow us to  form ./(1+ w372),%” and we obtain for the correlation time
estimate the principal components of the screening teisor.of the ionic motionr,= 1/w,. We can apply Eq(10) to the
We obtain o1;=—620 ppm, o,,=—501ppm andoz; scalar coupling of the first kind between Ag and I. If we
= —484 ppm. Due to the low signal-to-noise ratio an error ofassume for the Ag-I scalar coupling constant the reasonable
5% is estimated. From Eq$4)—(6) we obtain the values value J~1 kHz,”® we obtainT, ,,=1.75s, in good agree-
o* =—535ppm, dcs=51 ppm, andzncs=2.33. Here, the ment with our experimental value of 1.2 s. By using a Hahn-
chemical shift tensor ot®Ag is assigned in a silver oxysalt echo sequence we obtaindg=110+11 ms. SinceT,/T,
compound. Tanshet al. found dcs~350 ppm in a low- >7/6 we can conclude that scalar coupling of the first kind,
temperature crystalline phase of the silver ionic conductorather than CSA, seems to determine the relaxation in silver
AgqGaSe.? Villa et al® estimated the intensity of the aniso- molybdate glasses, at least near room temperature.

tropic interaction in AgO-B,0O3 glass to be~180 ppm at The relaxation rate curve of Fig. 8 displays a second
325 K. maximum at 320 K, the temperature at which 0.25 under-

goes the glass transitidAThis maximum, as a consequence,

V. DYNAMIC INFORMATION is put into relation with the onset of a further motional pro-

) ) ) ) ) ~cess which involves nearly all the silver cations. At a first

While there is no doubt that linewidth and spin-lattice approximation, spin-lattice relaxation rates due to different
relaxation are determined by the ion diffusion, it is not clearmechanisms are additive
if the same nuclear interaction is responsible for the tempera-
ture behaviour of both linewidth and;. Although it was . .
argued that time-dependent anisotropic chemical shift is the T =2 Tt (13)
dominant mechanism for spin-lattice relaxation in silver- '
based glass€s.® other mechanisms cannot, in principle, be Below the Ty, the observed spin-lattice relaxation rate
ruled out such a§i) Ag-I dipolar or pseudodipolar coupling, 1/T, 4 is given by
(i) modulation by ionic motion of%Ag-1%°Ag or 1%°Ag-I '
scalar interactior(relaxation of the first king or also (iii ) 1 p 1-p
Ag-l scalar interaction coupled with iodine quadrupolar re- T.9l = T, b+ T
laxation (relaxation of the second kind Chung et all° me mm
showed by order-of-magnitude calculations that mechanismehere p is the fraction of mobile Ag, while Ty 0, and
(i) and(iii) can be ruled out in silver borate glasses. In con-T; imm are the relaxation times of mobile and immobite
trast, scalar coupling relaxation of the first kind may be sig-less mobilg cations, respectively. It is assumed that each
nificant. The same considerations they made for borates aspin will sample both behaviors duringTa period. Above
applicable to molybdates. the glass transition, all the Agare mobile and we have

(12
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1 1 The following conclusions can be drawn:
(13 (1) Increasing the Agl fraction causes the formation of
oxyiodide sites with an increasing I/O ratio. The existence of
If we neglect 1T; imm With respect to Iy qpand con- Agl clusters can be ruled out, in agreement with the findings
sider T} o= T1, mob, Which is reasonable in the considered of Minami and Tanakd,and Kamitsoset al” Outside the
temperature range, we obtajpe=0.875. In our previous glass-formation region, 0:2x<0.4, a glassy phase of com-
1097 g NMR work,?® we estimated the fraction of mobile cat- position near 0.66 Agl-0.33 AYloO, (2:1) is always
ions to be less than 50%. However, those data were obtainddrmed, which is accompanied by crystallingAgl or
on samples prepared just one day before the measurementg,MoO,.
An experiment performed two months latge., at the same (2) Inside the glass formation region we observe a single
time of the T, measurements here reponteghve a mobile NMR peak. We are not able, at present, to operate a conclu-
fraction p>80%, in agreement with the above results. Onsjve choice between a homogeneous phase or the motional
the basis of this evidence, and following the suggestions ofverage of different chemical environments. In principle,
Ref. 8, we can model the dynamics of our spin system inN\MR at the magic angle technique at low temperature could
terms of a distribution of barrier heights for the Agumps,  address this question, but the experiments are very difficult
rather than in terms of two true chemically defined silvery carry out. A subtle indication favoring the existence of the
species. Under these qssumptlons, we argue that the samplg glass over the entire composition range is given by the
stored at~20 °C below itsT4 has undergone structural rear- g5 mplex—0.40, at the boundaries of the glass-formation re-
rangements that determined some changes in the barrigf,, at displays the peaks of two glassy phases of compo-
heights distribution. sition X~ 0.3 andx~ 0.4
In systems characterized by a rate-activated process, the (3) The chemical shift anisotropy tensor of the 2:1 crys-
correlation timer., which determines the NMR spectral ’

density can be expressed in an Arrhenian form tallized phas_e has been asagqed. The amsotropy_?l@
ppm, which is an order-of-magnitude lower than the isotro-

pic chemical shift range observed in these glasses.

(4) The spin-lattice relaxation inside the glass-formation
whereE, is the activation energy, and, is the prefactor. By region seems to be controlled by Ag-I scalar coupling of the
fitting the data reported in Fig. 8 we obtaii}=0.31 eV in first kind, rather than by chemical shift anisotropy. This may
the region 300-315 K, an&,=0.29 eV above the glass account for the larger activation energies which are given by
transition. Values in the range 0.19-0.23 eV were obtainedNMR T, with respect to those obtained by dc conductivity
form conductivity measurements near room experiments.
temperaturé;>1’3° whereasE,=0.27 eV was obtained at  (5) The existence of two maxima in the spin-lattice relax-
low temperaturd. The value we obtained from NMR relax- ation rate curve points towards Agoopulations with differ-
ation is larger by~30% than the conductivity-related data. ent mobility, probably related to the existence of local envi-
This can be explained by supposing tiatmechanism es- ronments where different 1/O ratios are dynamically
sentially probes the long-range ions translation, whereas thexperienced by the ions. However, we had preliminary evi-
conductivity experiments measure a sort of average of localence of a structural relaxation taking place at room tem-
and long-range motior’sOn the other hand, our conclusions perature in a matter of months. Experiments are in progress
are in agreement with the fact that spin-lattice relaxation igo correlate these NMR results with variations of dc conduc-
dominated by scalar coupling of the first ki@ long-range tivity and, possibly, formation of quasicrystalline Agl do-
interaction described by particle-particle correlajjorather  mains.
than by CSA(a short-range interaction described by particle-
site correlation

=—.
Ta lig TY mob

o= 7_Dera/kT' (14)
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