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INTRODUCTION

In [1 ] is calculated the entropy of mixing of chain-propagating atoms and chain-terminating
atoms on a one-dimensional lattice. This entropy as a function of the mole fraction of either atom
is not symmetric about j . It is due to the fact that the two kinds of atoms do not form the same
number of bonds. We have used this asymmetry to calculate the mean number of atoms in poly-
atomic boxes or the mean "size" of boxes. To compare the results we have calculated also this
mean "size" when each kind of atoms forms the same number of bonds on a one-dimensional lat-
tice. These types of models can be appropriate for materials containing only divalent atoms (e.g.
S, Se) or larger two-connected groupings of atoms such as found in organic systems (—CH2 -,
etc.) [2J.
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ABSTRACT

In the present work we have studied in detail the problem of the mean "size" of mixing of
chain- propagating atoms and chain-terminating atoms on a one-dimensional lattice, with respect
to the temperature and the interaction constants. Some comparisons of the average chain length
of a symmetric system to that of an asymmetric one allow us to state that the asymmetry of bonds
play an important role in determining the mean chain length or the mean "size" of boxes.

2.1 The asymmetric case

Following [1] let us consider a chain propagating atom (P) which forms two bonds
and a chain terminating atom (T) which forms only one (Fig. la). In Fig.lb, the vertical lines
are intended to aid the render in visualizing boxes among which the atoms are permuted. Let the
number of component atoms be JV> and JVr and the total number JV = NP + Jv>.

Denoting JPP, Jpr and Jrr, respectively, the interaction constants of the nearest neigh-
bour pairs, the interaction energy (in the nearest neighbour approximation) is given by:

E = Npp Jpp + NPT JPT + NTT JTT (1)

where Npp etc., represent the number of PP nearest neighbouring pairs, etc. Substituting in (1)
the relations NPP = NP - Nprfl, NTT = ( NT/2) - (JV>r/2) we have:

(NT
JTT • (2)
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The entropy of the mixing associated with the energy corresponding to a given number
of PT bonds is obtained by the same way as in [1 ]. So, in a similar manner we find:

S=-k lnNP -
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Inserting these relations into (2) and (3) one can obtain the free energy F = U - T S as

a function of r. So that the free energy becomes:
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In the thermodynamic limit (JV —> oo), to determine the equilibrium value r according

to the condition

dF
2 ( 1 - c )

we find the equation

where

(5)

(6)

We can distinguish two cases:

a) J > 0 (Jpr > j (Jpp + i r r ) ) . which means that atoms of the same species have more

affinity.

b) J < 0 ( / p r < y ( JPP + JTT) ) . which means that atoms of different species can approach

more easily.

In the case a), denoting t = kT/J, as the defining equation of r, which is derived from

%£ = 0 , one obtains,
(r-3)(cr-2)

From this equation we can find as a solution

2n = ^J(3c+2)±|(3c+2)2-4c[6-2(l-c)exp^]J I . (7)

The solution for r > 2 is only one. In Fig.2 we have represented diagrammatically

the variation of this physical mean "size" value ri versus the reduced temperature ( at some fixed

concenirations (c = 0 , 2 5 ; 0 , 5 ; 0 , 7 5 ) . It is clearly visible from this figure, that this behaviour

follows the general rule about the interaction constants and the mean size or the mean number of

atoms in polyatomic boxes (clusters) for a binary mixing.

In the case b). denoting t = kT/( -J), one obtains:

(r-3)(cr~2)
exp —- 2( 1 - c)

or

(8)

The solutions (r > 2) are the value n and the value ri . From the numerical control of

the second derivative £ f , the value of r at which F becomes a minimum is n - The variation of this

value versus the reduced temperature t (related to the temperature and the interaction constants),

for different concentrations, as we can see, is limited in a narrow range of the order of unity (Fig.3).

It can be seen from Fig.2 and Fig.3 that the mean "size" or the mean number of atoms of

boxes TP... FT, for a binary mixing of chain-propagating atoms and chain-terminating atoms

on a one-dimensional lattice, depends on the interaction constants between atoms, the temperature

of the system and the concentration of two kinds of atoms.

2,2 The symmetric case

1b demonstrate that the asymmetry of bonds may play an important role in determining

the mean chain length or the mean "size" of boxes we will analyse some cases where each kind

of atoms A and B forms two bonds on a one-dimensional lattice. As a first example we will

study the case where the concentrations c\ and eg of A type atoms and B type atoms are equal

(CA = eg = 0,5) and for the interaction constants we have J = 2 JAB ~ (JAA + JBH) > 0 . (We

have used the same symbols, but instead of P(T) we have used A( B).)

FOTT > 0 the binary structure AB is represented as in Fig.4a. The boundary between A

region (A box) and the B region (B box) we call partition line (analogous of partition point [3]).

At T = 0, considering the "ring" lattice instead of the open one, there are two partition lines and at

T —» oo (in the thermodynamic limit N —> oo) the number of partition Jines is infinite. The energy

of each partition line, measured from the zero point, is:

The above model (Fig.4a) is then transformed to a model of a gas of partition lines (Pig.4b). The

number of partition lines is not constant, so its chemical potential is 0 . The possible sites are

between any t and t + 1, with at most one partition tine per site, so that the system of the partition

lines forms a fermion gas with the result:

N exp[(i)/fcr]+l exp(i)+l
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where NAB (assumed to be even) is the number of AB nearest neighbouring pairs or the number

of partition lines.

The average length of the chain A (or B) in such a case is simply the average number of

consecutive A type atoms (or B type atoms):

_ 2cAN 2cBN
NAB NAB

or
, = rB = 1 + exp I — 0,5) (10)

This value varies from CA N = y (at T = 0 ) to 2 ( a t r - * oo).

For the general comparison of the average chain length of a symmetric system to that of

an asymmetric one, using the same probabilistic way as in the first above analysis, we find:

2{\-CA)

J < Q )

(11)

(12)

and
CB

The variations of these values versus the reduced temperature t are represented in Figs.S

and 6. We have found the same results by Monte Carlo simulation [4].

SUMMARY

The comparison of the average chain length of a symmetric system to that of an asym-

metric one allows us to stale that the asymmetry of bonds play an important role in determining the

mean chain length or the mean "size" of boxes, on the one-dimensional binary structure. In the

case of a mixing of chain-propagating atoms and chain-terminating atoms, where the two kinds

of atoms do not form the same number of bonds we found a mean "size" of boxes different from

the result that we have obtained from the symmetric system with the same number of bonds be-

tween atoms. We expect that this fact, that the two kinds of atoms do not form the same number of

bonds, must also characterize the free energy of mixing (i.e. and the mean "size" of boxes) of such

atoms when they bond to form a two- or three-dimensional network. So, the asymmetry of bonds

between atoms may play an important role for the mean "size" of polyatomic boxes (clusters) in

two- or three-dimensional non-crystallines structures.

Acknowledgments

The author would like to thank Professor Abdus Salam, the International Atomic Energy

Agency and UNESCO for hospitality at the International Centre for Theoretical Physics, Trieste.

REFERENCES

[I] R.J. Araujo, i. Non-Cryst. Solids 108 (1989) 301.

[2] A.C. Wright, J. Non-Cryst. Solids 123 (1990) 129.

[3] Sh.K.Ma,Srari«ica/M«cfamia(WcddScienHfic,Philadelphia-Singapore,1985)pp.297-

301.

[4] R. Mejdani and A. Borici, Int. Rep. KFTFSHN/UT-AL, 6/1991.



FIGURE CAPTIONS

Fig.la.b Sample state.

Fig.2 The variation of the mean "size" value t\ versus the reduced temperature t (for J > 0 ) .

Fig,3 The variation of the physical solution n at some fixed concentrations in the r - 1 diagram

(for j<0) .

Fig.4a,b a) The binary structure AB.

b) The system of the partition lines as a fcrmion gas.

Fig.5 The variation of the mean "size" value rA versus the reduced temperature t in the case of

the symmetry of bonds (for J > 0 ).

Fig.6 The variation of TA versus t (for J < 0) .
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