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Abstract. The pressure dependence of the diffusion coefficient in the superionic α- and β-phases of 

Ag3SI has been studied by using the method of molecular dynamics. It is shown that in the high 

temperature α-phase, the Ag diffusion coefficient decreases with pressure. On the hand, in the 

intermediate temperature β-phase, the Ag diffusion coefficient exhibits a maximum at around 2.8 

GPa. The structural origin of this behavior is discussed through the pressure dependence of the pair 

distribution functions. 

Introduction 

Superionic conducting materials are characterized by their high ionic conductivities. Ag3SI is one of 

such materials and has been the subject of numerous studies [1-10]. Ag3SI shows two structural phase 

transitions [3]. At the γ-β transition ( T = 157 K), a disordering of the Ag ions occurs while S and I 

remain ordered in the CsCl type array. At the β-α transition ( T = 519 K), the arrangement of anions 

becomes also disordered, changing from a CsCl to an averaged bcc type array. Accompanying such 

structural changes, discontinuous changes in the ionic conductivity are observed at the phase 

transition temperatures. 

The study of pressure effects provides a useful tool to discriminate the superionic materials and to 

understand the mechanism of fast ion transport [11]. However, studies on pressure effects in 

superionic conducting materials are scarce [2,12,13]. In the present report, the pressure dependence 

of Ag diffusion in Ag3SI is studied by using the molecular dynamics method.  

Method of Calculation 

The atomic motion was calculated within the NPT ensemble. A system of 1080 ions (Ag: 648, S: 216, 

I: 216) was used. The initial atomic configurations of the β- and α-phases were chosen by taking into 

consideration the experimentally determined structures of the respective phases [3]. The time step 

was 1.0 fs and a total of 100.000 steps were taken in the calculation. The temperature chosen were 

600 K, 550 K and 500 K. For each of these temperatures, the pressure was varied from 0 GPa to 5 

GPa. 

The interaction potential used in the calculation was of the Vashishta-Rahman type [14], which 

consists of repulsive, Coulomb and charge-dipole interactions. These are written as 
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where i, j stand for the type of ions, Aij is the repulsive strength, e is the elementary charge, σi, Zi and 

αi are the particle radii, effective valence and electronic polarizability of the particle i, respectively. 

The values of the parameters were those used by Matsunaga and Madden [9]. 

Results and Discussion 

The mean square displacement (MSD) of the ions in Ag3SI at T = 600 K and P = 0 GPa is shown in 

Fig. 1. We can see clearly that only the MSD of Ag has a finite slope at long times, whereas the slopes 

for S and I are effectively zero. From the slope for Ag, the diffusion coefficient for the Ag ion was 

estimated to be D = 8.5x10-6 cm2·s-1. This value is somewhat smaller than the result of a molecular 

dynamics calculation reported by another group, which uses a different interatomic potential [5] The 

MSD shown in Fig. 1 indicates that our molecular dynamics calculation reproduces quite well the 

characteristics of superionic conductors. 

 

 

 

 

 

 

 

 

 

 

Fig. 1. Mean square displacement (MSD) of the Ag ions in Ag3SI at T = 600 K and P = 0 GPa. 

 

 

 

 

 

 

 

 

 

 

 

Fig. 2. Pressure dependence of Ag diffusion in α-Ag3SI at T = 600 K and 550 K. 

 



 

 

 

 

 

 

 

 

 

 

Fig. 3. Pressure dependence of Ag diffusion in β-Ag3SI at T = 500 K. 

 

In Fig. 2, the pressure dependence of Ag diffusion in α-Ag3SI calculated at T = 600 K and T = 550 

K is shown. The figure indicates that the diffusion coefficient in the α-phase decreases by the 

application of pressure. This behavior is interpreted to result from the decrease of available volume 

for ionic motion when pressure is applied to the system. 

The pressure dependence of Ag diffusion in β-Ag3SI calculated at T = 500 K is shown in Fig. 3. We 

can see that the behavior of the diffusion coefficient against pressure is different from that of the 

α-phase. It exhibits a maximum at around P = 2.8 GPa. Normally, we expect that the diffusion 

coefficient will decrease with pressure. Indeed, in alkali halides, the ionic conductivity ( and the 

diffusion coefficient by the Einstein relation ) decreases with pressure [13]. However, it is known that 

in the case of superionic materials such as AgI and RbAg4I5, the ionic conductivity increase with 

pressure, if the measurements are done in the non superionic low temperature phases [12]. For the 

case of β-Ag3SI, it has been reported that the ionic conductivity increase with pressure [2]. However, 

a direct comparison with our calculation is not possible because the measurements has been done in a 

limited small pressure range, P < 0.3 GPa. 

 

 

 

 

 

 

 

 

 

 

 

Fig. 4. Pressure dependence of the pair distribution functions in α-Ag3SI at T = 550 K. 

 

The origin of the behavior shown in Figs. 2 and 3 has been studied from the structural point of view. 

Fig. 4 shows the pressure dependence of the pair distribution functions calculated in α-Ag3SI at T = 



 

550 K. We can see that the variations in the pair distribution functions are not so dramatic, although 

some changes such as the shifts of the peaks towards low value of r, increase of the peak height and 

disappearance of the left hand side shoulder in the second peaks of S-S, I-S and I-I correlations are 

observed when a pressure of 4 GPa is applied. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 5. Pressure dependence of the pair distribution functions in β-Ag3SI at T = 500 K. 

 

In contrast with the result of α-phase, the pressure dependence of the pair distribution functions in 

the β-phase is very sensitive. Fig. 5 shows the results calculated at T = 500 K. Concerning the Ag-Ag 

and S-Ag correlations, a systematic variation with pressure is observed. In particular, it is seen that 



 

the first peak position of the S-Ag correlation remains almost constant. Concerning the I-Ag 

correlation, the shoulder in the right hand side of the first peak disappears with the application of 

pressure. Concerning the I-S correlation, a systematic variation of the second and third peak positions 

is observed. The most interesting behavior related to our purpose is the correlations of S-S and I-I. 

These correlations change largely when the applied pressure exceeds approximately 2.8 GPa. In Fig. 

5, we can compare the results for P = 2 GPa and 4 GPa. 

 

 

 

 

 

 

 

 

 

Fig. 6. Time averaged positions of S (triangle) and I (circle) ions in β-Ag3SI at T = 500 K 

projected onto the (100) plane. 

 

 

 

 

 

 

 

 

 

 

 

Fig. 7. Pressure dependence of the time averaged distributions of Ag ions in β-Ag3SI at T = 

500 K projected onto the (100) plane. 

 

Fig. 6 shows more directly the structural changes represented by the pair distribution functions. It 

shows the pressure induced changes in the time averaged positions of I and S ions projected onto the 

(100) plane of β-Ag3SI. As mentioned in the introduction, in the β-phase, I and S are ordered in the 

CsCl type array.  From Fig. 6, we can see clearly that the positions of I and S become disordered when 

pressure is applied. This pressure induced change occurs at around 2.8 GPa. Fig. 7 shows the pressure 

effects in the distribution of Ag in the (100) plane. It is seen that the positions where the Ag ions are 

located spreads when pressure is applied. It is interesting to note that the distribution shown for P = 2 

GPa resembles the distribution of Ag known in AgI [15]. 



 

Summary 

The study of materials properties at different temperatures and pressures, provide much information 

to understand the microscopic mechanism that originate the observed behaviors. In the present study, 

the pressure dependence of the Ag diffusion coefficient in Ag3SI has been investigated by molecular 

dynamics simulations. Ag3SI is a well known superionic conducting material that at ambient pressure 

exhibits two structural phase transitions, at T = 157 K (from γ- to β-phases) and at T = 519 K (from β- 

to α-phases). In our study, we have found that in the high temperature α-phase, the Ag diffusion 

coefficient decreases with the application of pressure. On the other hand, in the intermediate 

temperature β-phase, the Ag diffusion coefficient exhibits a peaked behavior at around 2.8 GPa. The 

origin of the behavior has been studied by analyzing the pair distribution functions. The analyses 

indicate that the peaked behavior is related with the pressure induced disordering of the immobile ion 

sublattice. 
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