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The p to a phase transition in silver iodide is studied with the (丿V V, E) and (N, P, T) molecular dynamics (MD) 

method. In experiments, the phase transition temperature is 420 K. Upon heating of B form, the iodine ions undergo 

hep to bcc transformation and silver ions become mobile. MD simulations for the p and a phases are carried out 

at several temperatures and the radial distribution functions (rdf) are obtained at those temperatures in the (N, 

V, E) ensemble. But the phase transition is not found in our calculation. Next the phase transition is studied with 

the (N, P, T) MD and we find some evidences of phase transition. At 3 Kbars and 2 Kbars the phase transition 

temperature is about 300 K. For 3.55 Kbars, the phase transition is higher (420 K) than the low pressure case. 

The phase transition temperature is somewhat dependent on the pressure in our calculations.

Introduction

In the last several years, many theoretical and experimen

tal works have been done for the study of crystalline silver 

iodide, which, in the high temperature a phase, may be consi

dered as the model of the superionic conductor. Superionic 

conductors are a class of systems in which pheomena obser

ved in fluids and solids come together in an interesting man

ner? 3 Silver iodide shows a number of structural transitions 

as a function of pressure and temperature.45 At 420 K, 0 

phase undergoes a transition into superionic a phase.

Computer simulation is one of most powerful techniques 

of studying liquids and highly anharmonic solids. Historically, 

Monte Carlo method was the first simulation technique ap

plied to determine the equilibrium properties of fluids, such 

as their pair distribution functions and the thermodynamic 

properties.6 This approach consists of using a canonical en

semble in which a given number of particles N are confined 

to fixed volume V at temperature T. Usually the particles 

interact with an assumed potential 侦％), where is the 

distance between particles i and j and periodic boundary 

conditions are used to simulate an infinite system. Other 

ensembles, such as the isothermal-isobaric one in which N, 

Tr and P are fixed but the volume V fluctuates, have also 

been used.7 For m이ecular systems, the first Monte carlo 

calculation was that of Barker and Watts who used the cano

nical (N, V, T) ensemble to study a model of liquid water.8 

Subsequent workers have employed the (N, V, T) approach 

and also the (Nt P, T) ensem미e to test a variety of potential 

models for molecular systems and such calculations are now 

routine. In the other simulation technique, called molecular 

dynamics (MD),9 the Newtonian equations of motion are in

tegrated numerically for the systems of N particles, confined 

to a fixed volume V. It was Anderson10 who first proposed 

how one might carry out MD calculations under conditions 

of constant temperature, constant pressure, or constant tem

perature and pressure rather than the more usual constant 

energy and volume. Note that in the method of Anderson 

only changes in the volume of the cell were possible but 

not in 辻s shape. Thus crystal structure transitions are inhibi

ted in Anderson's method because of the suppression of the 

essential fluctuations, namely those in the shape of MD cell. 

The next important development was the work of Parrinello 

and Rahman1112 who introduced a Lagrangian that allowed 

for the possibility that the MD cell might changes its shape. 

An alternative procedure rescales the coordinates of each 

atom at each time step. The atomic coordinate and the ch

aracteristic distance for repeating boundary conditions are re-
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Tabel 1. MD Cell Parameters for The Alpha and Beta 

Phase

a P
a (A) 5.048 4.598

b (A) 5.048 4.598

c（A） 5.048 7.512

a (deg) 90 90

P (deg) 90 120

Y (deg) 90 90

Density (g/cm3) 6.061 5.669

Space group Im3m P63mc

scaled respectively.13

First, we investigate the phase transition of crystalline sil

ver iodide by classical (Nf V, E) MD method at several tem

peratures. Next, Pf T) MD method is applied at several 

temperatures and pressures to compare the effect of ensem

ble choice on the phase transition of crystalline silver iodide. 

We find some evidences of the phase transition with (N 

P, T) ensemble.

Method of Calculation

The Model System and Interatomic Potential Func

tions. Low-temperature 0 phase has the hexagonal wurt

zite structure with the P63mc space group: Iodine ions form 

an hep lattice and silver ions are tetrahedrally coordinated 

to each iodine and show no self-diffusion. The crystal struc

ture of a phase for the highest temperature range, from 148 

°C to the Halting point 555t, was investigated by Strock.14 

According to his X-ray study, a Agl has a cubic cell in which 

two silver ions are distributed statistically over forty two 

sites around the body centered arrangement of iodide ions. 

He considered that the silver atoms may behave almost li- 

quid-like in accordance with the remarkably high ionic con

ductivity of this phase.15 Our calculations are performed on 

a 108-particle system both for the a and g phase structures. 

The cell parameters for a and 0 phase are shown in Table

1.

We used Vashishta and Rahman's potential function.16

K = 스心뽀으4 生牛 -号(心 + C必2)专 - 쁘 (1)

Here, i, j describes the type of ions; the repulsive stre

ngth; a,, a, the particle radii; g1( a； the electronic polarizabili

ties. The following particle radii and electronic polarizabili

ties are used; b = 2.2 A, GAg=0.63 A, oAg=0, and 히 = 6.52. 

The ionic charges Z for two particles are 0.6 and 用魄旭=
= 0f Wu = 6.23. For each pair, the potential hinctions are 

as Allows.

tz = HaoAh I 0.36
矿 AgAg—广(AgAg)十—

Hg 0.36 1.1736
3=_ 尸i(Agl) 尸 时 (3)

” Hu I 0.36 2.3472 6.9331 八、
*=广(id +；----戸---- 舟一 ⑷

here 为=4(6 +。沪叫 A = 0.010248, with angstroms and 决 

/A =14.39 eV as units. In Eq. (2) to Eq. (4), all and 

are as f시 lows*

Hg=0.014804 n (AgAg) = 11

114.48 狀 Agl) = 9

Hi[=446.64 m(II) = 7

Calculational Details. In the classical (TV, V, E) MD 

simulation, the particles are distributed to their X-ray posi

tions1718 at the initial state of each simulation and are given 

Boltzmann distribution of velocities. To eliminate the end 

effects at the surfaces, the equations of motion are solved 

using the periodic boundary conditions. About 2000 time 

steps are used to equilibrate the system and equations of 

motion are integrated using Verlefs finite difference algori

thm.19 A very short time AZ =1.0* 10"15 sec is used in order 

to effectively integrate the equations of motion.20 We used 
o

rc= 11.0 A as a cutoff distance.

In the (N, P, T) MD simulation, we used 난le Berendsen 

different approach13: weak coupling to an external bath, using 

the principle of least local perturbation with the required 

global coupling. Since the coupling strength can be varied, 

by appropriate choosing of characteristic temperature con

stant and pressure constant, the effect of the coupling can 

be easily evaluated and controlled. Here, we briefly introduce 

Berendsen^ method.

First, evaluate pressure scaling factor 卩 from tensor and 

kinetic energy:

貝(5) 
£ i<j

where Rij—Ri—R} is the vector from particle i to particle 

j, and Fy is the force on particle j due to particle i. The 

summation in Eq. (5) is taken only over real atoms and the 

row vector is denoted as transpose of a column vector.

Ekin — 号△，) — V — £-也)기f — 号소) (6)

p明矗[&”('号&)一部] ⑺

The volume V(t) is the determinant of the matrix h formed 

by the column vectors a, b, c that represent the edges of 

the unit cell in a space-fixed Cartesian coordinate system:

广 {1 +씀 k[f。)一 이}'" (8)

Here, A/ is the size of the time step, tp is a characteristic 

relaxation time of the pressure, Pn is the pressure of the 

external constant pressure bath, and k is the isothermal com

pressibility.

Second, evaluate the temperature scaling factor 人：

Ekin _ §&)=羊 A"』—3如) (9)

皿-*&)= 이(10)

where N is the number of atoms, M the number of constrai

nts.
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Figure 1. Radial distribution functions of p Agl at 80 K.

A/ T i/2
X= 1 +으 ——%------1 (11)

Zr 7、("扑

Here, is a characteristic relaxation time of the temperature 

T, To is the temperature of the external constant temperature 

bath, and T(t —1/2AO is the instantaneous temperature.

Then, calculate velocities and scale them:

In this summation, forces of periodic images within the cutoff 

range are to be included.

기 j&)=기" 一 서)+(13)

寸+.也)=純+$也) (14)

Although A is based on the temperature at (t~ 1/2A/), its 

value can be used to scale the velocity at (Z+1/2A0 because 

of the slow variation of X.

Calculate new coordinates and perform the pressure scal

ing on coordinates and cell length:

r(t+AO=+ v(t + y Af) Af (15)

Instead of scaling to coordinates, we use scaled coordinates.

Tabel 2. Coordination Numbers for I-I and Ag-I Pairs at 80,

200, and 420 K Which was Obtained by Cooling from 420 K

80 K 200 K 420 K

CW 14.01 14.01 13.99

4.00 4.01 4.01

a,b Coordination numbers for the I-I and Ag-I pair at 1st peak.

Tabel 3. Coordination Numbers for I-I and Ag-I Pairs at 80,

420, and 500 K Which was Obtained by Heating from 80 K

80 K 420 K 500 K

CN讨 12.01 11.97 12.00

CN/ 4.01 4.02 4.01

a,b Coordination numbers for the I-I and Ag-I pair at 1st neak.

Figure 3. Radial distribution functions of g Agl at 80 and 420 

K and that of a Agl at 420 K.

s(t + A0=h(t+△£)—】r(t + At) (16)

方=|W (17)

Now the coordinates becomes

r(t+At) = h(t+Af)s(t+AO (18)

In the last step, replace coordinates of particles that have 

moved out of the cell by the coordinates of their images 

within the cell. The size of time step and cutoff distance 

are 난此 same with the (N, V, E) MD simul자ion. The tem

perature is quenched to very low temperature to obtain 

sharp and splitted peaks in radial distribution functions. And 

applied external pressures are 2, 3, and 3.55 Kbars. The 

characteristic relaxation times of the temperature and pres

sure are rr=0.01 ps and 夺=0.1 pst respectively.

Results and Discussion

Classical (N, V, E) Molecular Dynamics Study. Our 

calculated radial distribution functions (rdf) for g Agl at 80 

K and a Agl at 420 K are 나)e same with the crystal structu
res?7-18 and they are shown in Figures 1 and 2, respectively. 

Ideally, for hep (P form) and bcc (a form) structures, the 

G(r)M should show 6 and 4 peaks, respecively, and they are 

found in our calculation. It means that the classical molecular
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Rgure 4. Radial distribution functions of a Agl at 80 and 420 

K and that of 8 Agl at 80 K.

며皿r企 5. Radial distribution functions of I-I pair at 50 K, 3 

Kbars compared with the N, Vf E results of p phase at 80 K. 

The N, P, T result was obtained by quenching to very low tem

perature.

Figure 6. Radial distribution functions of I-I pair at 400 K, 3 

Kbars compared with the N, V, E results of a phase at 420 

K. The N, P, T result was obtained by quenching to very low 

temperature.

Hgure 7. Radial distribution functions at 100, 200, 300, and 

420 K. Each temperature was quenched to 4 K. The applied 

external pressure is 2 Kbars and dashed lines stand for the 

a phase at 400 K. Only I-I pairs are expressed.

Figure 8. Radial distribution functions at 100, 200, 300, and 

420 K. Each temperature was quenched to 4 K. The applied 

external pressure is 3 Kbars and dashed lines stand for the 

a phase at 400 K. Only I-I pairs are expressed.

dynamics is succeeded in maintaining each structures at gi

ven temperatures. But in the heating of p Agl from 80 to 

420 K, we cannot find any changes in rdf. For cooling of 

a Agl, results are the same with the heating procedure ex

cept peak sharpening. Changes in coordination numbers (CN)
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Figure 9. Radial distribution functions at 100, 200, 300, and 

420 K. Each temperature was quenched to 4 K. The applied 

external pressure is 3.55 Kbars and dashed lines stand for the 

a phase at 400 K. Only I-I pairs are expressed.

with respect to the cooling of a Agl and heating of。Agl 

are shown in Tables 2 and 3, respectively, in which we can

not find any changes from 14 (for a Agl) to 12 (for P Agl) 

or 12 to 14 for CNm. Although the temperature in heating 

of p Agl is high enough to experience phase transition, the 

changes in CNm are not appeared, Figure 3 shows the varia

tion of rdf, which is caused by heating p Agl from 80 to 

420 K, and are compared with those of a Agl at 420 K. 

Figure 4 shows the variation of rdf, which is caused by cool

ing of a Agl from 400 to 80 K, and are compared with those 

of g Agl at 80 K. As can be seen in Figures 3 and 4, we 

cannot find any transitions except peak broadening and shar

pening, respectively.

New (N, P, 7) Molecular Dynamics Study. (N, P, 

T) MD simulations are performed at two temperatures of 

50 K and 400 K at which the P and a phases exi옹t. As 

we can see in Figures 5 and 6, the results of two rdf are 

satisfactory although they are somewhat sharper than the 

(】V V, E) results. Figure 7 shows the calculated rdf of I-I 

pair at each temperature for Pti — 2 Kbar and they are 

compared with the results of a Agl at 400 K. The changes 

of rdf with respect to the peak maxima positions and shape 

may stand for the structural transformation. As can be seen 

in Figure 7, the peak shape is changed at 200 K and the 

transformed a phase is maintained to 300 K. The shape of 

the rdf at 100 K is not changed from P phase. In 200 K 

and 300 K, the first peak is somewhat different from a phase 

but the third and fourth peaks are very similar to the a 

phase.

For 나le 尸 = 3 Kbar, the result is somewhat different from 

Po=2 Kbar case. Figure 8 shows the calculated rdf of I-I 

pair at each temperature and we see that a phase is appear

ed at 300 K. In R=3.55 Kbar, the transition is found at 

420 K and results are shown in Figure 9. In all data, the 

splitting of first peak is the result of weak distortion of the 

MD cell.

Conclusions

We presented the results of MD simulations on the struc

tural phase transition of crystalline silver iodide. The classi

cal (N, V, E) MD method was failed in the phase transition 

study because the cell volume and shape were fixed quanti

fies. And then we studied transition with (N, P, T) MD me

thod. In the new (Nr P, T) method, we can find transition 

by fluctuating the cell volume and shape and the tempera

ture dependence of the transition was r이ativ이y large. The 

phase transition temperature was proportional to the pres

sure. As the applied pressure increases, the phase transition 

temperature was also increased. The phase transition was 

found at 200-300 K in 2 Kbars, at 300 K, and at 420 K 

in 3.55 Kbars.
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