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Abstract – The mixture of (AgI)0.33(LiI)0.33(LiPO3)0.34 was 

synthesized by melt quenching method. The material then 

was characterized by XRD, DSC, and LCR-meter. The X-ray 

diffraction pattern shows an amorphous structure with some 

Bragg peaks correspond to the crystalline of AgI, and the 

thermal behavior shows an endothermic peak at temperature 

~ 420 K which matches with the phase transition of the β to 

α-AgI. They show that a number of AgI were not dissolved in 

the material of (AgI)0.33(LiI)0.33(LiPO3)0.34. The ionic 

conductivity of this new material at room temperature is 

around 1.7 x 10-2 S/cm. This is much larger compared with 

the conductivities of the constituent compounds of AgI, LiI 

and LiPO3 as well as the LiI-LiPO3 and AgI-LiPO3 systems. 

The activation energy of this material is 0.15 eV, which is 

similar to AgI (0.14 eV). This result suggested that the high 

concentrations conduction is mainly due to silver ions. 
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I. INTRODUCTION 
   

Many studies on the structure and electric properties of 

AgI-AgPO3 have been performed [1-7], but only few 

studies of the super-ionic glass properties of AgI-LiPO3 

and LiI-LiPO3 system have been reported [8-9]. The ionic 

conductivity of LiPO3 is ~ 10
-8

 S/cm at room temperature, 

and increases to ~ 10
-6

 S/cm with increasing LiI up to 30% 

in LiI-LiPO3, then it decreases with LiI more than 30% 

[1]. The ionic conductivity of the most well known AgI-

LiPO3 and LiI-LiPO3 system are ~ 10
-3

 S/cm and ~ 10
-7

 

S/cm, respectively [1,9]. In our earlier work, the variation 

composition of AgI and LiI in LiPO3 glass produced 

mixtures of AgI-LiI-LiPO3. The result showed that 

(AgI)0.33(LiI)0.33(LiPO3)0.34 has better ionic conductivity. In 

order to further understand about (AgI)0.33(LiI)0.33 

(LiPO3)0.34, this work will study the structure, thermal, 

conductivity properties of (AgI)0.33(LiI)0.33(LiPO3)0.34 and 

compared with those of corresponding glass AgI-LiPO3 

and LiI-LiPO3 system. 

 

II. EXPERIMENTAL 
 

(AgI)0.33(LiI)0.33(LiPO3)0.34 was synthesized by melt-

quenching method in two steps. The first step was by 

synthesizing of LiPO3. An appropriate amounts of Li2CO3 

(99% Merck) and NH4H2PO4 (98% Caledon) were mixed 

and ground together in a porcelain crucible. The mixture 

then was gradually heated up to 825 
o
C for several hours 

and quenched into liquid nitrogen. Detail of preparation 

has been described by elsewhere [10]. The second step 

was by synthesizing of (AgI)0.33(LiI)0.33(LiPO3)0.34. An 

appropriate amount of AgI (99% SOEKAWA) and LiI 

(99.9 % ALDRICH) were mixed into LiPO3 that was 

obtained in the earlier step in similar preparation as above. 

The crystal structure, thermal property and conductivity of 

the samples were measured by X-ray diffraction (XRD), 

Differential Scanning Calorimetry (DSC) and LCR meter, 

respectively. 

 

III. RESULT AND DISCUSSION 
 

Figure 1 shows the X-ray diffraction patterns of LiPO3, 

LiI, AgI and (AgI)0.33(LiI)0.33(LiPO3)0.34 at ambient 

temperature. The diffraction patterns of LiPO3 has an 

amorphous structure with a broad peak centered at 2 ~ 

24
o
 which matches with the value in earlier reports [1,11-

12]. The diffraction patterns of LiI and AgI have crystal 

structures which are characterized by several Bragg peaks 

associated with a regular arrangement of their atoms. 

Whereas the diffraction pattern of the (AgI)0.33(LiI)0.33 

(LiPO3)0.34 shows the mixture of amorphous background 

and the small of crystalline form with several Bragg peaks 

corresponds to AgI. Since the AgI has crystal structure of 

β-AgI (JCPDS 09-0374), the diffraction peak at 23.71
o
, 

39.22
o
 and 46.34

o
 are assigned to (002), (110) and (112) 

planes, respectively. 

 
Fig.1. Observed X-ray diffraction intensities of LiPO3, LiI, 

β-AgI and (AgI)0.33(LiI)0.33(LiPO3)0.34 at ambient 

temperature. The (AgI)0.33(LiI)0.33(LiPO3)0.34 is expanded 

for 10 times. 

 

The thermal behavior of LiPO3, LiI, AgI and (AgI)0.33 

(LiI)0.33(LiPO3)0.34 measured by a Differential Scanning 

Calorimetric (DSC) are shown in Fig. 2. The LiI 

thermograph shows two endothermic peaks at 

temperatures ~350 K and ~400 K, which may correspond 
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to a phase transition of LiI. The phase transition of LiI is 

not known yet, but we suspect the compound change from 

LiI-3H2O to LiI. The glass transition of LiPO3, which is 

expected at around 370 K, is not clearly shown here. The 

crystalline AgI shows an endothermic peak at ~ 420 K, 

which related to the β to α-AgI phase transition. The 

(AgI)0.33(LiI)0.33(LiPO3)0.34 thermographs show a glass 

transition at ~ 370 K, followed by  similar endothermic 

peak of β to α-AgI phase transition at temperature ~ 420 

K. Another endothermic peak at ~ 500 K may correspond 

to the melting of this mixture. The results suggest that a 

number of AgI are not dissolved in the mixture of 

(AgI)0.33(LiI)0.33(LiPO3)0.34, though the fast quenching 

method has been applied.  

 
Fig.2. Differential scanning calorimetric patterns of LiPO3, 

LiI, AgI and (AgI)0.33(LiI)0.33(LiPO3)0.34. 

 

The conductivity properties were investigated by using 

HIOKI 3531 Z Hitester LCR-meter from temperatures of 

280 K to 400 K in the frequency range from 20 Hz to 10 

kHz. The conductivity data then were collected and plotted 

in double logarithmic graphs of frequency versus 

conductivity. The center of the plateau area was used to 

calculate the dc conductivity. The dc conductivity 

increases with temperatures and obeys the Arrhenius 

relation,  

𝜎DC𝑇 = 𝜎0exp 
−𝐸a

𝑘𝑇
                                     (1) 

where σ0 is the pre-exponential-factor of the DC 

conductivity, Ea the activation energy for the DC 

conductivity, k Boltzmann constant and T absolute 

temperature. The temperature dependence of σDC for AgI, 

LiI and (AgI)0.33(LiI)0.33(LiPO3)0.34  were shown in Fig. 3. 

We found the conductivity of the (AgI)0.33(LiI)0.33 

(LiPO3)0.34 at room temperature is ~ 10
-2

 S/cm which  is  

higher than those of the most well known of AgI-LiPO3 

and LiI-LiPO3 systems (~ 10
-3

 S/cm and ~ 10
-7

 S/cm, 

respectively) [1,9].  

By the Eq. (1), the activation energy, Ea for DC 

conductivity can be extracted, as shown by the solid line in 

Fig. 3. It is obtained that the activation energy of (AgI)0.33 

(LiI)0.33(LiPO3)0.34  is ~ 0.15 eV, which is almost similar to 

the activation energy of AgI at 0.14 eV.  Meanwhile, the 

activation energy of LiI is ~ 0.42 eV. Furthermore, both 

results are showing a change of slope at temperatures ~ 

420 K, confirming β to α-AgI phase transition. Earlier 

reports by P. Maas and P. Devendra et al. mentioned that 

when more than one type of mobile ions is present, the 

properties of glasses change to follow the dominant ion 

transport. This diffusivities change is shown in the 

changes of its activation energy [13-14]. From these 

observations, it can be concluded that in the (AgI)0.33 

(LiI)0.33(LiPO3)0.34 the high concentrations conduction is 

mainly due to silver ions. 

 
Fig.3. Reciprocal temperature dependence of the DC 

conductivity and calculation of the activation energy of 

(AgI)0.33(LiI)0.33(LiPO3)0.34, LiI and AgI. 

 

The super-ionic conductor of (AgI)0.33(LiI)0.33(LiPO3)0.34 

prepared by melt quenching method resulted an irregular 

arrangement and disorder of atoms in the molecular 

structures. The high conductivity of (AgI)0.33(LiI)0.33 

(LiPO3)0.34 can be understood as implication of disordered 

arrangement of Ag and/or Li ions in the molecule 

structures where Ag or Li ions can easily jump to the 

vacant site [15-16]. As the temperature increases, the 

number of vacant sites increases. At higher temperatures, 

the frequency of electric field applied across to the sample 

would distort of local disorder [16]. 

 

IV. CONCLUSIONS 
 

The mixed of silver and lithium electrolyte 

(AgI)0.33(LiI)0.33(LiPO3)0.34 exhibits higher conductivity 

than its constituent compounds of AgI, LiI and LiPO3 at 

room temperature. The composite also has larger 

conductivity than that of the most well known of LiI-

LiPO3 and AgI-LiPO3 system. The results suggest that 

though the mixture contains the silver and lithium ions, the 

majority cations would cause an increase in conductivity. 

The experimental results confirmed that in 

(AgI)0.33(LiI)0.33(LiPO3)0.34  contains un-dissolved AgI, 

therefore it can be concluded here that the high ionic 

conductivity is mainly due to silver ions. 
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