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Summary  An explicit analytic solution has been obtained 
for the time-dependent Smith-Ewart equations for the 
case where the rate of formation of new radicals is zero, 
as would be the case if the rate of the radical-generating 
reaction in a compartmentalised free-radical polymerisa- 
tion reaction were suddenly reduced to zero. 

CONSIDERABLE effort has been devoted in recent years to 
the problem of finding analytic solutions to the Smith- 
Ewart equations1 for compartmentalised free-radical poly- 
merisation reactions. The equations have been shown to be 
completely soluble for the case of steady-state reactions,2 
but exact and explicit analytic solutions for non-steady- 
state reactions have so far been obtained only for those 
cases in which radicals are lost from reaction loci by pro- 
cesses which are first order in radical concentration in the 
10cus.~ In particular, these solutions do not apply to the 
important class of reactions in which the radical-loss 
mechanisms include bimolecular mutual termination within 
reaction loci. In developing solutions for this latter case, 
i t  has so far been necessary to resort to approximation 
procedures.* 

We have recently found that it is possible to obtain an 
explicit analytic solution for the time-dependent Smith- 
Ewart equations for the general case of combined first- and 
second-order radical-loss reactions, provided that the rate 
of generation of new radicals within the reaction system is 
zero. The only restrictive assumption which it is necessary 
to make is the usual assumption that radicals which have 
been desorbed from the reaction loci are not subsequently 
available for re-initiation. 

The type of reaction system to which our solution may be 
expected to apply could in principle be obtained as follows. 
(i) A compartmentalised free-radical polymerisation is 
first allowed to attain an equilibrium state, in which case 
the distribution of radicals within loci would be described 
by the Stockmayer-O'Toole solution2 of the Smith-Ewart 
equations. (ii) The rate of generation of new radicals in 
the continuous phase of the reaction system is then suddenly 
reduced to zero, and the reaction is allowed to decay 
spontaneously. Possible ways in which the rate of genera- 
tion of radicals might be reduced to zero include (a) release 
of a radical scavenger into the external phase, and (b) re- 
ducing the intensity of radiation to zero in the case of a 
radiation-initiated reaction. 

We find that the locus-population generating function for 
this case can be expressed as an infinite series of Jacobi 
polynomials [equation (l)], where is the auxiliary 
variable, t is time, m is the ratio kv/kt, ZI being the volume of 

al 
Y-'(k,t) = N X ~ , ~ ~ ( - 1 , m - 1 ) ( t )  exp(-t/rD) (1) 

p = o  
the individual reaction loci, and K and Kt being the rate 
coefficients for first-order radical loss processes and bi- 
molecular termination respectively, JS(-l srn-l) is a Jacobi- 
polynomial, the r, are characteristic relaxation times 
defined by equation (2), and N is the total number of reaction 
loci in the system. The coefficients B, are given by 

r p  = [ (k t / v )P(m + p - 1)I-l (2 )  

equation (3), where 0 is the average rate of entry of radicals 

(3) 

into a single locus before the rate was reduced to zero, and 
I ,  is the modified Bessel function of the first kind of order v. 
Equation (2) defines a spectrum of relaxation times, the 
totality of which, together with the associated intensities, 
characterises the decay of the reaction rate when the source 
of initiating radicals is removed. 

Two quantities which are immediately derivable from the 
locus-population generating function given by equation (1) 
are (i) the numbers of loci, n,(t) ,  which contain exactly Y 

radicals a t  time t ,  and (ii) the average number of radicals per 
locus a t  time t ,  denoted by i ( t ) .  The results we obtain are 
given in equations (4) and (5). 
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n,( t )  = (N/27r ! ) 2BP(  p + m - l)JP-,.(T-13rn+r-1) (0) x 
P ' Y  

exp(-t/.r,) (4) 

(5)  
- a0 

i ( t )  = $C(m + p - l)BD exp ( t /TD)  
p = 1  

Full details of the derivation of these results will be given 
in due course, together with a discussion of their implica- 
tions. In particular, it will be shown that, in principle, 
information concerning the quantities 0, k ,  and k t  can be 
obtained from measurements of rate of polymerisation as a 
function of time during the period which follows the 
cessation of the formation of new radicals in the external 
phase. We believe that this will provide a hitherto 
unexplored approach to the problem of obtaining experi- 
mental estimates of the quantities u, k ,  and k t .  The full 
paper will include an application of the method to experi- 
mental results reported some years ago by Ley, Schneider, 
and Hummel.5 
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