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The glass forming region in the AgPO3-Ag2S-AgI system has been determined and some physical- 
chemical properties including thermal behavior, ionic conductivity, transport number, and infrared 
absorption have been investigated. The results of the electrical properties and the transport number 
measurements show that the conduction is essentially ionic in nature and due to silver ions alone. The 
study of the influence of the replacement of 2I- by S 2- on the electrical properties of glasses of 
formulation (AgS0.5)~(AgI)~(AgPO3)r (a +/3 + 3, = 1) exhibits a quasi-linear variation of log Ozsoc with 
the ratio r [r = AgS0.J(AgS0.~ + AgI) = a/(a +/3)] at fixed values ofy.  A comparative investigation of 
the electrical properties of the glasses PzOs-AgzO-AgI and P205-Ag20-Ag2S-AgI shows that these 
materials belong to the same family of glasses. An identical limit seems to be obtained when YAgl ----- 
0.67, independent of the nature of Ag2X (X = O, S), either Ag20 or (Ag20 + Ag2S), and of the value of 
p, for the glasses of formulation [P205 - p(Ag20 + Ag2S)]i_y[AgI]y. © 1990 Academic Press, Inc. 

I. Introduction 

The study of electrical properties of 
glasses belonging to the AgzS-AgPO3 sys- 
tem has shown that, as for AgI in the AgI-  
AgPO3 glasses, the ionic conductivity in- 
creases and the activation energy decreases 
linearly with increasing Ag2S mole fraction 
and that the values of log 0-25oc and AE~ 
obtained by extrapolation at AgPO3 mole 
fraction ~ 0 are close to those of a-Ag2S. 
On the other hand, the infrared absorption 
investigations of the Ag2S-AgPO3 glasses 
have pointed out that these materials have 
features clearly different from those of the 
AgI-AgPO3 system: whereas the (PO4)n infi- 
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nite chains are not modified by introduction 
of AgI in the phosphate glass, Ag2S is dis- 
solved by an acid-base chemical ordering 
process, involving shorter phosphate 
chains, i.e., close to the pyrophosphate 
group at the glass forming boundary (1). 

The existence domain of the Ag2S- 
AgPO3 glasses is clearly narrower than 
that of the AgI-AgPO3 ones. Further- 
more, whereas the electrical properties of 
a-Ag2S and a-AgI are very close, those of 
the limit compositions, which can be for- 
mulated Ag(PO3)0.48So.26 and Ag(PO3)0.43 
10.57, are very different: Or25OC (sulfide glass) m_ 

10-30"25oC(iodideglass). S u c h  a representation 
shows, however, that these materials con- 
tain almost similar numbers of phosphate 
groups for the same amount of Ag ÷ ions. 
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As the series of AgI-AgPO3 and Ag2S- 
AgPO3 glasses are characterized by differ- 
ent vitreous structures, we have carried out 
the research and the study of electrical 
properties of new glasses within the ternary 
AgPO3-AgzS-AgI system. Our aim was the 
determination of the influence of the re- 
placement of 2I- by S 2- on the electrical 
properties of glasses involving the same 
AgPO3 content. 

II. Experimental 

Glasses are obtained from mixtures of 
AgI (purity 99%), Ag2S (purity 99%), and 
AgPO3 prepared by a wet method from 
AgNO3 and NaPO3. The mixtures put into a 
sealed silica tube are melted at 500-700°C 
and quenched in water at 0°C. The vitreous 
state is confirmed by absence of X-ray dif- 
fraction. 

The Ta values have been determined by 
differential scanning calorimetry. The con- 
ductivity measurements are performed on 
samples annealed 30°C below Tc by the 
complex impedance method using a So- 
lartron 1170 frequency analyzer. The glass 
samples are cylindrical (8 mm diameter, 1- 
2 mm thickness). On both sides the gold 
electrodes are deposited by evaporation. 
The measurements are carried out under ar- 
gon atmosphere in the frequency range 
10-2-10 +4 Hz and between 20°C and T~. 

Infrared absorption spectra in the range 
200-1400 cm -1 were obtained using a dou- 
ble beam Perkin-Elmer 983 spectrometer. 
Samples are pellets (13 mm diameter, 1 mm 
thickness) constituted by a ground mixture 
of 1 part glass and 60 parts KBr pressed at 
200 kg/cm 2. 

ing AgPO3 to those of Ag2S and AgI and by 
the full line inside the ternary diagram. 

In a second domain located between the 
full line and the dashed line, hard materials 
appearing as aggregated small spheres are 
obtained. Though they are still amorphous, 
their glassy character is not obvious; conse- 
quently, the thermal and electrical proper- 
ties have only been studied for the glasses 
belonging to the first domain. 

The values of Ta have been reported in 
Fig. I and Table I for some glasses of the 
AgPO3-Ag2S-AgI system. Whereas a 
slight increase of T6 is shown with the pro- 
gressive introduction of Ag2S into the 
AgPO3 glass, a decrease of TG is observed 
when x increases along the (AgI)x 
(AgPO3)l-x and (Ag3SI)x(AgPO3)l-x lines. 

To determine the influence of the anionic 
substitution S 2- = 21- on the properties of 
glasses of the AgPO3-Ag2S-AgI system, 
independently of the Ag + ions, the glassy 
compositions studied have been produced 
on the following form: (AgSo.5)~(AgI)~ 
(AgPO3)~ with (~ + /3 + y = 1). 

The variation of TG as a function of the 
ratio r [r = AgS0.5/(AgS0.5 + AgI) = od(oz + 
/3)] is given in Fig. 2 for some samples cor- 
responding to different values of 3': 

- - for  the very high values of 3, (y = 0.70 for 
instance), Ta increases quasi-linearly when 
r increases. 

TABLE I 
TG, CONDUCTIVITY AT 25°C, ACTIVATION ENERGY, 

AND PREEXPONENTIAL TERM FOR SOME GLASSES OF 

THE A g 2 S - A g I - A g P O 3  SYSTEM 

Compositions 
TG log o'25oc AEg 

AgzS AgI AgPO3 (°C) (~-1 cm-X) (eV) log o-0 

33.3 33,3 33.3 
14.3 57,1 28.6 

IlL Glass Formation Domain and Thermal 11.2 44,4 44.4 
D 1,~ Jl 40 20 40 
-rover. .es 25 25 50 

14.3 28.6 57.t 
The glassy domain in the AgPO3-Ag2S- 7.5 30.7 61.8 

AgI system is shown in Fig. 1. It is bounded 16.7 16.3 67 
25 50 25 

by the lines connecting the point represent- 

75 2.12 0.23 2.0 
76 3.94 0.24 2.0 
78 3.62 0.29 2.5 

108 5,20 0.32 2.6 
89 4.90 0.34 2.6 

109 4.78 0,33 2,4 
118 4.30 0.35 2.2 
130 3.72 0.40 2.5 

2,04 0.24 2.1 
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FIG. 1. Vitreous domains in the AgPO3-Ag2S-AgI system (the numbers indicated in the figure 
represent  the values of  T6). 

- - fo r  the lower values of 7 (3' ~< 0.60), a 
slope change, which becomes sharper when 
y decreases, takes place for r -~ 0.67, i.e., 
for the glasses located close to the line con- 
necting AgPO3 to Ag3SI in Fig. 1. TG in- 
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FIG. 2. Variation of  T~ as a function of  r = AgSo.J 
(AgSo.5 + AgI) in the (AgSo.5)~(AgI)o(AgP03)~, glasses 
( a + / 3  + 3  , =  1). 

creases slowly at rising r in the region r ~< 
0.67, but quickly for r ~> 0.67, 

IV. Ionic Conductivity 

The electrical properties of glasses be- 
longing to the AgPO3-Ag2S-AgI system 
have been determined as a function of tem- 
perature and composition. An Arrhenius 
behavior is shown for all investigated sam- 
ples below Tc. Some electrical data are 
gathered in Table I. 

The transport number has been measured 
by an EMF method using the electrochemi- 
cal chain: (-)Ag/Ag glass electrolyte/C, 
I2(+). The thermodynamic potential of the 
cell is Eth = 0.687 V at 20°C and corre- 
sponds to the overall potential of the fol- 
lowing reaction: Ag + ½ 12 ---> AgI. The 
results obtained for some compositions 
(Table II) show that the transport number is 
close to 1 and that the conductivity is 
mainly of the ionic type probably due to 
silver mobility. 

Influence on the transport properties of 
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TABLE II 

TRANSPORT NUMBER OF Ag + IONS IN SOME 
GLASSES (25°C) 

Compositions 
E0 E, 

Ag2S Agl AgPO3 (V) (V) t = Eo/Et 

7.5 30.7 61.8 0.686 0.687 0.998 
11.2 44.4 44.4 0.686 0.687 0.998 
14.3 28.6 57.1 0.684 0.687 0.995 
20 40 40 0.684 0.687 0.995 
25 25 50 0.682 0.687 0.993 

the introduction of AgI into sulfide glasses 
has been studied for different glasses corre- 
sponding to a constant value of ratio p = 
AgzS/AgPO3. The composition of the 
glasses can then be represented by the gen- 
eral formula (AgPO3 - pAg2S)l-y(AgI)y. 

Figure 3 gives the variation of log 0-25oc as 
a function of y (p being fixed) for the 
(AgPO3 - pAgzS)l_r(AgI)y glasses. We 
have reported the values previously ob- 
tained relative to the AgPO3-AgI system 
(p = 0) (2). 

~25"c c n - ~  1 

Q20 0.40 0.60 

FIG. 3. Variation of log 0"25oc vs y for the (AgPO3 - p 
Ag2S)l_y(AgI)y glasses corresponding to constant p 
values. 

Whatever the value of p provided p <~ 
0.50, log 0-25° C increases at rising y and a 
maximum of conductivity, to which is asso- 
ciated a minimum of activation energy, 
seems to be observed for glasses with a AgI 
mole concentration close to 0.57. When p = 
1, log o-25oc is maximum already for y = 
0.33. A similar result has been obtained for 
the (AszS3 - pAgzS)l-y(AgI)y and (Sb253 - 

pAg2S)l-y(AgI)y glasses (3). 
On the other hand, one can note that var- 

iations of transport properties are lower 
and become lower as p and y increase and 
that the width of the domain characterized 
by a linear composition dependence of log 
o-25oc becomes smaller when p increases: 
p = 0, y ~< 0.50; p = 0.50, y ~< 0.25. 

The influence of the introduction of AgES 
can be investigated by plotting log tr25oc for 
different glasses of compositions (AgPO3 - 
qAgI)l-z(AgzS)z as a function of z (q = 
fixed) (Fig. 4). Whatever the value of q, it 
seems that log cr25oc increases quasi-linearly 
with z. However, it may be noted that the 
glasses contain only low Ag2S mole concen- 
trations (ZAg2S ~ 0.40). 

As the introduction of AgzS and AgI into 
an AgPO3 glass involves an enhancement of 
the electrical properties, we were inter- 
ested to study the series (AgPO3)l-x 
(Ag3SI)x. Figure 5 gives the variation of log 
or25°C as a function of x for the (AgPO3)l-x 
(AgI)x, (AgPO3)I-x(Ag2S)x, and (AgPO3)l-x 
(Ag3SI)x glasses. At a given value of x, the 
(AgPO3)1-~(Ag3SI)x glasses have the highest 
conductivity. On the other hand, contrary 
to (AgPO3) l-x(AgI)~ and (AgPO3)I-x 
(Ag2S)x, the (AgPO3h-~(Ag3SI)x glasses do 
not seem to show a linear dependence of 
log cr25oc with x when x increases. 

It must be pointed out, however, that the 
introduction of XAgi, XAg2S, and XAg3SI into 
AgPO3 involves, respectively, the contribu- 
tion of XAg+, 2XAg+, and 3XAg+ ions. We have 
plotted in Fig. 5 the variation of log 025oc as 
a function of XAgS0.5 and XAgS0.3310.33 , respec- 
tively, for the glasses (AgPO3h-x(AgSo.5)x 
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FIG. 4. Var ia t ion  o f  log a'25oc vs z fo r  the (AgPO3 - q 
AgI)i_z(Ag2S)z glasses corresponding to constant  q val- 
ues. 
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FIG. 5. Variation of  log tr25o c as a function of  x for 
the (AgPOa)l-x(AgI)~ [2], (AgPO3)I x(Ag2S)x [1], 
(AgPO3)l-x(Ag3SI)x, (AgPO3)I x(AgS0.5)~, (AgPO3)l-x 
(AgS0.3310.aa)x, and (AgPO3)~_x(Ag20) x [4] glasses. 

quasi-parallel lines. For  low AgPO3 mole 
concentrations (y ~< 0.40) the electrical 
properties of glasses are independent of the 
value of r. 

and (AgPO3)l-x(AgSo.33Io.33L: for the same 
amount of Ag + ions introduced into AgPO3, 
the (AgPO3h-x(AgI)x glasses display the 
best conductivity. 

The influence of the anionic substitution 
S 2- = 2I- on the electrical properties of 
glasses of the AgPO3-AgzS-AgI system 
has been determined by plotting log o'25oc as 
a function of the ratio r = AgSo.5/(AgS0.5 + 
AgI) = a/(a + r) in the glasses (AgSo.5)~ 
(AgI)t3 (AgPO3)r (a + /3 + y = 1) corre- 
sponding to different fixed values of y (Fig. 
6). Whatever the value of y, the variation of 
log 0-25oc as a function of r is quasi-linear. 
For  high AgPO3 rates (y ~> 0.40), log 0-25oc 
decreases when r increases; the experimen- 
tal points for given y values are located on 

,/~',,_~_~_~q23 

~-- .5 

Q~5 a;o 0)5 
FIG. 6. Variation of  log ~25oc as a function of  r = 

AgS05/(AgS0.5 + AgI) for the (AgS0.5)~(AgI)¢(AgPO3)r 
glasses. 
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FIG. 7. (a) Points representative of the P2Os-Ag20- 
AgI and P2Os-(Ag20 + Ag2S)-AgI glasses in the equi- 
lateral triangle whose apexes correspond to P205, 
Ag2X = (Ag20 + Ag2S), and AgI. (b) Spatial view of 
the vitreous domain shown in the quaternary P2Os- 
AgEO-Ag2S-AgI system. 

V. Comparison of the Electrical Properties 
of the AgPO3-AgzO-Agl and 
AgPOa-AgzS-AgI Glasses 

Infrared absorption investigations of the 
Ag2S-AgPO3 glasses have shown the large 
structural analogy of these materials with 
the Ag20-AgPO3 glasses (1). On the other 
hand, the composition dependence of log 
o-25oc for the glasses (AgPO3)l-x(Ag2S)x and 
(AgPO3)l-x(Ag20)x (4), given in Fig. 5, 
shows that the electrical performance of 
both series are very close. Such a result can 
be extended to glasses involving a high con- 
tent of AgI. 

Let us compare, for instance, log o-25oc 
for both glasses: 

(i) (AgPO3)28.6(Ag2S)14.3(AgI)57.h the com- 
position of which can be written: 

(P2Os) 14.3(Ag20)14.3(Ag2S)14.3(AgI)57.1 

[log tr25oc = 5.94 f~-I cm-q.  

(ii) (P205)14.3(Ag20)28,6(AgI)57.1 [log tr25oc 
= 3.89 1-/-1 cm-1]. 

These materials which involve the same 
AgI mole concentration and the same P205 
mole concentration have very close values 
of log cr25oc. 

As AgES and Ag20 seem to play similar 
roles in the P2Os-based glasses, we have lo- 
cated within the equilateral triangle, the 
apexes of which represent P205, Ag2X (X = 
O,S), and AgI (Fig. 7a), points representing 
a large number of glasses belonging to the 
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FIG. 8. Variation of log o-25o c vs y for the [P20 s - p 

(Ag20 + AgES)]t y[AgI] r glasses corresponding to con- 
stant p values. (The points noted (>, E3, ©, @ corre- 
spond to oxide glasses (X = O); the points noted 0 ,  Ill, 
0 ,  It correspond to sulfoxide glasses (X = O, S)). 
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PzO5-Ag20-AgI (2, 4, 5) or P205-(Ag20 + 
Ag2S)-AgI systems. All these materials 
seem to belong to the same family of  
glasses whose spatial view is given in Fig. 
7b. 

Figure 8 gives the variation of  log o25oc as 
a function o f y  (with p fixed) for the [P205 - 
p(Ag20 + Ag2S)]l-y[AgI]y glasses. What- 
ever  the value of  p,  log 025oc increases when 
y increases and an identical upper  limit 
value, (log O'25oC)lim ~ 2. l 0  ~'~-1 cm-1, seems 
to be observed when y = 0.67, indepen- 
dently of  the nature of  the additive Ag2X, 
Ag20, or (Ag20 + Ag2S). This conductivity 
maximum is very  close to that of  the crys- 
tallized material Ag714PO4 (6) (log o-25oc ~- 
2.28 1~ -1 cm -~) which contains the same 
AgI rate: (P2Os)8.33(Ag20)25(AgI)66.67. 

On the other  hand, the variations of  log 
o25oc become weaker  as the p and y parame- 
ters increase. It may be pointed out that the 
variation of  log o25oc is linear only for some 

particular values o f p  (1 ~< p ~< 2) and for y 
< Yl; Y~ becomes smaller and smaller when 
p increases: p = 1, yl -~ 0.50; p = 2, yl -~ 
0.25. An analogous result had been ob- 
tained for the glasses (AszSs - pAg2S)l-y 
(AgI)y and (Sb2S3 - pAgzS)l-y(AgI)y (3). 
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