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Trimer formation dne to dimer-dipole aggregation in alkali halides*
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We previously showed that impurity-vacancy dipole density in KC1 and NaCl, doped with various divalent

impurities, decreases with time, due to dimer formation and dissociation, initially. This decay period is

followed by a plateau where the rates of formation and dissociation of dimers are equal. Here, we show that

further decay beyond the plateau region is due to a simple dimer-dipole association to form trimers.

3C yn +C2p C3np C4n +C 5q

where n, P, and q are the dipole, dimer, and
trimer densities, respectively, and the c's are
constants.

In our preplateau theory, ' the formation of
trimers from dimer plus dipole or from three
dipoles, and their dissociation was neglected.
Thus, combining Eq. (1) minus the last three
terms and

+2p np (2)

where n, is the original dipole density, a solution
was obtained for the dipole density n as a function
of time. At the plateau, dn/dt=0, and hence,

We previously showed' ' that the aggregation of
impurity-vacancy dipoles in KC1 and NaC1 doped
with various divalent impurities followed initial
second-order kinetics, if one included dissocia-
tion as well as formation in the dipole-decay theo-
ry. Thus, during annealing at any temperature,
dipoles disappear by combining in pairs to form
dimers, and there is a back reaction assumed,
whereby dimers break up into dipoles. Accord-
ingly, the dipole density decreases with time until
an equilibrium is reached between dipoles and
dimers, and a plateau is observed in the decay
curves. This theory proved to be in excellent
agreement with experiment. The results are in
disagreement with the mechanism proposed by
many other workers, who assumed an initial
third-order process (see footnotes in Refs. 1-3).
Recent EPR work on aggregation in AgCl:Mn"
by Dutta and Slifkin' is in complete agreement
with our initial second-order theory.

This note is concerned with the decay in the
post-plateau region, where the dimers and dipoles
combine to form higher aggregates.

A general description of the dipole decay is
given by

2=C ~ns —C2Ps (3)

dn 2=-cn +c p-cnp (4)

and Eq. (2) is approximately correct. c, and c,
are related by Eq. (3), but an additional assump-
tion is needed for c,. We tried C3=cy i e., that
the cross section for aggregation of dipole plus
dimer was equal to that for the aggregation of two
dipoles. A similar assumption has been made by
Symmons and Kemp. ' Then, eliminating p in Eqs.
(4) and (2), we solved for the dipole density n as a
function of time, and compared the theory with ex-
periment. Agreement was poor.

Next, we included trimer dissociation, but made
the somewhat artificial assumption that the dimer-
dipole equilibrium was maintained (i.e., c,n
=c~P) for times not much larger than the equilibri-
um time. Equation (1) then became

dn—= —c np+c qdt

where n, and P, are the equilibrium dipole and di-
mer densities, respectively.

In the post-plateau region, we propose that tri-
mers are formed and dissociate, and general equa-
tion (1) holds. We neglect the next to last term
on the right-hand side because the formation of
trimers from a three-body encounter is much
less probable than two-body dipole-dimer associ-
ation (middle term). The difficulty with the solu-
tion of the remaining equation is that the rate con-
stants c are unknown. A number of different as-
sumptions were then made, one of which was
eminently successful in its agreement with experi-
ment.

In our first attempt, we neglected trimer dis-
sociation [the last term in Eq. (1)] and assumed
that the number of trimers was small, for times
not much larger than the equilibrium time. One
then has
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FIG. 1. Fitting of third-
order kinetics to the decay
impurity-vacancy dipoles
in the post-plateau region.
(a) NaC1:Mn" at 97.5 C,
(b) KCl:Sr" at 108 C, (c)
NaCl:Ca" at 70 C, (d)
NaC1:Mn" at 70'C.
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ln order to solve Eqs. (5) and (6), an additional
assumption was needed for the c's. We tried

chic, =c,jc„ i.e., that the ratios of the rate con-
stants for trimer and dimer dissociation and as-
sociation were equal. Again, agreement with ex-
periment was poor.

All other attempts to solve Eqs. (1) (save one)
led either to insoluble equations or physically un-
reasonable solutions. It became evident that at-
tempts that included assumptions about the rela-
tions between rate constants were doomed
a Priori.

We then decided to neglect trimer dissociation,
but to keep the dimer-dipole equilibrium assump-
tion (c,n'=c, P), i.e., we solved

cf8 c—=-c nP=-c ~ n'
dt ' 'c,

a simple third-order decay. The solution is

(
2 2 " 2 2

~n 2c jc3np ~n 2c ~c3npt+ S
n cg ns C2

(6)

Thus a plot of (n,/n}' vs f after the plateau in the

dipole decay should be a straight line independent
of any assumptions as to the rate constants.

Figures l(a) and 1(b) use Cook and Dryden's re-
sults' for the systems NaCl:Mn" (140 ppm) at
97.5 C, and KCl:Sr" (140 ppm} at 108 C, re-
spectively. Figures 1(c) and 1(d) use Dryden's
results' for the systems NaCl: Ca" (360 ppm) at
70'C and NaC1:Mn" (50 ppm) at VO C, respective-
ly. Fairly good straight lines were obtained in
all four cases.

Both Cook and Dryden' and Symmons and Kemp'
have fitted third-order curves to the second stage
of dipole decay. Their assumed mechanism is
that dipoles add in pairs to the trimers they be-
lieve to be formed in the first stage of decay. We
believe that decay in the post-plateau stage, for
times not too much larger than the equilibrium
time, is due to the simple addition of a dipole to
dimers formed in the first stage.
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