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Abstract. The «- and g-relaxations in a disparate-size binary liquid near the glass transition
have been investigated within a mode-coupling theory. We focus our attention an amel 8-

peaks in the frequency-dependent susceptibility and their dependence on the concentrations of big
and small particles. For the 1:1 mixture of big and small particles (size ratio = 0.2), a large peak
appears in the susceptibility of the small particles in the frequency range @-thkxation,

which corresponds to the fast relaxation of the small particles within the random potential
produced by the big particles. The intensity of this peak grows further as the concentration of
the small particlegc;) is decreased. For larga, on the other hand, the peak becomes lower
than thex-peak and the susceptibility is similar to that of a one-component liquid.

1. Introduction

Diffusion of small particles in a random matrix is one of the interesting problems in
condensed matter physics. This problem is closely related to rapid hydrogen transfer in
amorphous metals, glassy ionic conductors, molecular diffusion in amorphous polymers
and so on. Recently we have extended the mode-coupling theory of glass transitions [1, 2]
to multi-component systems and applied it to a disparate-size binary hard-sphere mixture
to study the liquid—glass transition of the mixture as well as the delocalization of small
particles in a glassy matrix. In our previous papers [3, 4] we showed that for the diameter
ratioé = o1/0, = 0.2, the localization of the big particles occursja® 0.52 corresponding
to the liquid—glass transition, while the small particles are localizeg=t0.53, wherey, is
the total packing fractiom = (r/6)n203(1+c18%/(1—c1)) andcy = N1/N. The transition
at n = 0.53 is not the normal liquid—glass transition but the localization—delocalization
transition within the random potential produced mainly by the big particles.

In this paper we extend the analysis to examine the density relaxation of the same
mixture in the liquid phase. We focus our attention ond¢h@nd g-peaks in the generalized
susceptibility and their dependence on the concentration

2. Theory

The theory is summarized as follows. The space and time variations of the partial density
relaxation functions
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Figure 1. The susceptibility spectra of the small particles (a) and the big particles (b) for
¢1 = 0.5 atyn = 0.504, 0.512, 0.516 and 0.518. Hemcgl = [kpT/(m202)]Y2 is the unit of
time in our numerical calculations.
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(s, s’ =1, 2 denoting particle species) are described by tlxe?2matrix equation of motion

b(g,1) + Q%q) - Blg, 1) +/ A’ Kg.1—1)-d(g.0) =0 ()
0

whereK (g, t) is the relaxation-kernel matrix;

2
5SS ket () g (6 i (k1) D i, 1)

ny V%
+ KUy (K)(Dls/ (k, t)(bsl’ (K’ t)] + Fu’(f])% (t) (2)

K(q,t) =

with abbreviations:;, = N,/V, v2 = kzT/my, k, = k - q/q, andk = q — k. Here the
microscopic frequenc2?, (g) = q% v2[S(9) .y anduyy (9) = —kpT {85 — [S(@) v}

are determined by the static structure factdts(g). The quickly decaying last term

in equation (2) (regular part) describes binary collision effects, while kriategral
approximates multiple-collision processes of the dense liquid causing strong dynamical
feedback. The latter is crucial for the slow dynamics in the supercooled and glassy phases.
The coupled equations (1) and (2) are solved numerically by iteration. For the binary
hard-sphere mixture the static structure factor is supplied by the solution of the Percus—
Yevick equations in terms of analytic formula [5]. This most simple model for the static
structure of a hard-sphere mixture is known to become inadequate for size ¥atio®

in combination with packing fractions; =~ n,, for which a phase separation will occur

[6]. However, in the calculations presented here, the ratio of the partial packing fraction is
n1/n2 = 0.9 x 1073,0.8 x 1072 and 0.072 forc; = 0.1, 0.5 and 0.9, respectively. Thus,

the system is away from the region of phase separation even for the laigestd we
consider the PY hard-sphere system an adequate model of a disparate-size binary liquid in
the parameter range studied.
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Figure 2. The density relaxation function of the small particlgs(q, ¢) for c; = 0.1 (dashed
line), 0.5 (solid line) and 0.9 (chain line) at= 0.516. The wavenumber ig = 7.0502‘1.
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Figure 3. (a) The susceptibility ofy{;(g, ) for c1 = 0.9 andn = 0.504, 0.512, 0.516 and
0.518. (b)x{1(q, w) for c; = 0.1 andn = 0.509, 0.513, 0.515 and 0.516. The wavenumber is
g =705,

3. Results

Figure 1 shows the susceptibility,. (¢, w) for § = 0.2 andc¢; = 0.5 atg = 7.050{1
(the main peak ofS,2(¢)). The characteristics of,,(g, w) are similar to those of a one-



a- and B-relaxations in supercooled binary liquids 9585

component liquid [7]; that is, it consists of a largepeak in the low-frequency regime and
a microscopic peak ab/wg ~ 10, which is overdamped in the present model. Bheeak
is observed only aty = 0.518 with low intensity and it merges with the high-frequency
wing of the a-peak for larger. In the susceptibility of the small particles, on the other
hand, we find a large peak at T0< w/wy < 1 with a shoulder at high frequencies.
This high-frequency shoulder arises from the microscopic oscillation corresponding to the
second term in equation (1). Although the large peak/ij(g, ») is expected to arise from
the B-process, the characteristics of the peak are different from those @-peak found
in a one-component liquid in two ways; firstly, the intensity of the peak is much higher
than that of thex-peak, and secondly, the peak frequency is about two decades higher
than that of thes-peak of the big particles. Therefore, we call the peal{ig, ») the
B’-peak to distinguish it from thg-peak of the big particles. Thg'-peak is considered
to arise from the fast relaxation of the small particles within the random potential which
is produced mainly by the big particles. Thepeaks appearing in both,(¢, w) and
x11(q, ) correspond to the decay of the random potential. Note that the diffusion constant
of the big particles near the transition poipt= 0.52 is about 10 times smaller than that
of the small particles [3]. Therefore, on the time-scale of the density relaxation of the small
particles, the big particles are almost frozen and produce an almost static random potential
which serves as a cage potential for the small particles.

Let us investigate the;-dependence of the- and g-relaxations. Figure 2 shows the
normalized density relaxation function

Sfss(q, 1) = Py (q, t)/[q)m (g,t= O)q)s’s’(qv = 0)]1/2

for c; = 0.1, 0.5 and 0.9. The plateau in tiferelaxation regime becomes lower asis
decreased, which reflects the small values of the long-time limji gf;, r) (Debye—Waller
factor) at low concentratiom;. (See figure 2 of reference [8].) Note th#ti(q, 7) for

c1 = 0.1 is similar to the incoherent part of the density relaxation function of the small
particles [9]. In figure 3 we plog;,(q, ») atcy = 0.9 and 0.1 for several values gf For

c1 = 0.9, the intensity of thex-peak is higher than that of the'-peak andyx{,(¢, ») is
similar to figure 1(b). This means that the system is like a one-component system of the
small particles wherr; is large (as far as the number density is concerned) and the random
potential is produced by both the big and small particles. dree 0.1, on the other hand,

the system is like a one-component system oflitieparticles. As a result, the behaviour

of the small particles is similar to that of a single impurity atom in a random potential and
the intensity of thex-peak becomes extremely low. These results are consistent with the
interpretation of the peaks given above. The difference;ifig, ») amonge; = 0.1, 0.5

and 0.9 originates from the different plateau valuegig, r) shown in figure 2.

4. Summary

In this paper we investigated tlae and 8-processes in a disparate-size binary liquid near the
glass transition. For a 1:1 mixture we observed a lgtgpeak in (¢, w) corresponding

to the fast relaxation of the small particles within a random potential. Bhjgeak grows
further and thex-peak becomes lower as the concentratigris decreased. On the other
hand, the intensity of thg’-peak decreases for large and x;;(g, @) becomes similar to
X2.(q, w). These results show that the dynamics of the small particles are greatly different
from what we find in a one-component system. This points out the necessity to treat the
multi-component theory when comparing the theoretical predictions with experimental data.
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