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An analytical expression tor出cpolarizability dependent self二diffusioncoefficient has been 

obtained by using a modified version of Zwanzig model for the velocity autocorrelation 

function. The model indicates that the ion transport coefficient increases with the 
polarizabi lity. 
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INTRODUCTION 

lJnderstanding the fundamental relationship betwe巳npolarizability and ionic conduction is an 
important topic in the research field of molten and solid electrolytes. There are many studies 
concerning polarization effecl~ in these materials， using for instanc巴、 impedance
measurements‘computer simulations， ctc. I-luwcver‘there is little research that lormulates 
analytically th巴 problemand c1arifies the role 01' the polarization in the ion transport. In the 

present paper， to dcscribe the dynamics of mobile ions in an eletric field， we employed the 
Zwanzig model (1] to calculat巴thevelocity autocorrelation function (V ACF) of mobile ions. 
8ased on this model， an analytical expression for the polarizability dependent self二diffusion
coefticient has been obtained. The obtained analytical expression enables us to understand 
the role of ditferent physical qllantities sllch as polarizability， valence， applied electric field， 
etc.， in the ion transport coefficients 

THEORY AND RESULTS 

The Zwanzig model is a simple jump diffllsion model and has been used frequently to 

describe the velocity autocorrelation function of liqllids. This model was based on and 
supported by computcr simulation studies [2-4]. Although originally proposed for liquids， the 
concept of this modcl is applicable to nO!トcrystallinesolids. 8ased 011 the Zwanzig model， we 
adopt the following assumptions. 

1. The particlcs thal form the system execute harmonic vibrations around th巳 positionswhere 

the potential is a minima 
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2. When a particle diffuses， it jumps in a very short time ωa  new position which is almost 
equivalent to th巴oldposition. After the jump， the particle loses its memOlγ 

3. The particle jump rate is defined as 1/τ" where， r is the relaxation time. The harmonic 
oscillation in the potential well is described adequately by a fixed frequencyωas in the 
Einstein approximation. 

By using these assumptions， it is possible to divide the motion of ions into the 
diffusion part and the vibration pa礼 Sinceaccording to this model， the jumping time is very 
short， in the following， we will consider the effect of external electric field only on the 
vibration part. 

lf m is the particle mass， Eo is the magnitude of the electric field， y，ω0， Z， and ωare 
the attenuation factor， ion frequency， valence and external frequency， respectively略 the
equation of motion of an ion under the influence of electric field is 

mX+2i"設+m{j)~x = ZeEu exp(-iat) )
 

l
 

，S
司、

and the solution is 

x(t) = e-)t (C1 COSω〆+C2sinω'd，t)+xpe・川 (2) 

From it we obtain 

止(t)=ー}f!ザ (C1COSω'sl +C2 sinω〆)

+eザ(ーC1Cu"sinCusl +C2叫 cos的t)-ia1Xpe-凶・

(3) 

Here， (j)~ = l1{~ -y2 . C1 and C2 are constar胤 and

x -zeEo(ω，~ -C(
2
)+i2ωy 

----
l' m (Cù~- ω2)2 + 4ω2y2 

~. (ωω2)+i'2ωy 

Z143(叫一ω')'+4ωγ 

三 αn(ω)+iα，(ω) 

(4) 

In the abovc cxpression，αR and α， denote the real and imaginarγparts of xp， 
r巳spcctively.The induced electric dipole moment can be written as Zexl" If we set the initial 

displacement as x(O)=O， and the initial velocity equal to the free particle velocity at 
temperature T， wc obtain. 

C2 =土[符ーめ+馴，，]

(5) 

(6) 

Here， wc have defined the polarizability， 

/，，，生生出=生乙---
u -- 4m:"E" 4π'e，，1II (ωω1  ) 

(7) 

)J() 
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From Eq. (2)， the vibration part of the velocity autocorrelation function is written as 
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The diffusion part of the V ACF can be accounted for as in the Zwanzig model， by 
multiplying the above expression by the factor exp(-t/τ)， the waiting time distribution for ion 
jumps that destroy the coherence of the oscillation at the potential minima ト5).The 
resulting expression for the real paはoftheVACFis

， 、 卜y戸e-〆吋(R，巴e(C.)c∞osωd〆t+Re咲(C2)知凶s討inω〆 、

I k1 ¥ 2 I I ¥ 
Re制巴e(C何(ο糾仰fの川)リ))= I ニニLニLι I ~ +e-)♂句寸-)'戸午，

¥ m J T J 
1+αraJcosmt-αRωsJnm( 

(9) 

wh巳re

(ω;ーω2)
Re( C， ) = -F;" ， ' ~ ， ， ヲヲ=一αR(ω)， 

(ωJ-ωγ+4ω"y" 民

Re(
C2l = 去[JZ-Fh(ぷt孔Lγ一叫κM♂;一初叫2ヤγy2
=(~J~一向(…I (ω)] 

To analyze the obtained cxpr巴ssion，considcr the casc w己rethe external tield is givcn 
by Eocos(ωt) and the damping factor satisfies ωo>>y. If thc external field is not applied，巳q.
(9) reduces to the VACF given by Zwanzig (1). The b巴haviorof Eq. (9) is illustraled in 
Figurc 1. It shows that the effect of the polarizability on the behavior 01' V ACF. We recognize 
that the magnitude ofthc VACF increases with thc increase ofthc戸llarizability.
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[n the eva[uation of Eq. (9)， materials par副首eterspe凶nentto molten Agl as given in 
Table I were uscd. Hcre， r has been used as an adjustable parameter to reproduce the 
diffusion coefficient given in the Table. For the magnitude of the electric field we have 
chos巴n2x 108Y/m [7・9]，which is a typical value of the local electric field in thin film 
syst巴ms.For comparison， ifwe use the value of3刈04Y /cm， only indiscernible change in the 
V ACF from the PR= 0 case is obtained. 

Tablc 1: Parameters of Ap; in molten AgI 
Parameters Values 
Ag ion mass 1.79x 1O'''(kg) 
Temperatur官 873(K)
Valenc渇 l
Ag 3.7xl0'"m1/s (calculated， when PR=(J) 

Self dilTusion c聞係cient (3.8x IO.9m2/s (MD[6))) 
lon oscillation fi問 quency 8.1 x 10刊の

と三平半i

By using thc Green-Kubo formula and the Y ACF given in Eq. (8)， we obtained the 
following cxpression for the self diffusion coefficient which includes thc rolc of出巴

polarizability cxplicitly， 

Relaxation time 

(0) ρ~j イ:;Zii叫)J
、、，，
n
M
 

l
 

'.、Rl!((Jl" J写{~守主北ト~有ァ勾&五七!
Hc 化 、βt勺)'+叶l/什T. Thc刊巴 be出ha肝制V引i川()ω〉汀r0凶f‘ the p仰凶oωla訂叩r吋iz却ab凶3升刈ili町tydependent s詑el汀fdi ffusion cωo削cffi恥「
calculated f台トk而or川m Eq. (10') is illustrated in Figure 2. It indicates that the self diffusion 
coefticient incrcases with the polarizability. 
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Figurr 2 SclfJifTusioll coe!licienl of Ag in molten Agl as a function oftht! polarizability 
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CONCLUSION 

An analytical expression [or the polarization dependent VACF and self diffusion coefficient 
has been derived. The th巴ory gives the rationale that diffusion increases with the 
polarizability. The obtained analytical expression enables us to understand the role of 
different physical quantities suchぉ polarizability，valence， applied extemal field， etc.， in the 
transport coefficients. 
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