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MICROENVIRONMENTAL EFFECTS IN SOLID-STATE 
REACTIONS. DISPERSIVE KINETICS OF CONFORMATION- 
DEPENDENT CHARGE DELOCALIZATION IN ALIPHATIC 

DIAMINE RADICAL CATIONS 
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The kinetics of conformation-dependent charge delocalization in radical cations generated from a series of ap-  
diaminoalkanes, (CH,)2N(CH2),N(CH3)2, (n  = 1-3) in a 3-methylpentane glassy solution at 90 K are discussed in 
terms of dispersive kinetics with the use of the time-dependent rate constant in the form k( t )  = B P -  I .  It was found 
that the activation energy distribution function became broader as the number of methylene groups separating the two 
nitrogen atoms increased, and that this process was accompanied by a substanlial increase in the mean value of the 
activation energy. 

INTRODUCTION 

Kinetic observations of chemical reactions in a non- 
fluid medium are often difficult to analyse by applying 
classical kinetic equations. Problems may arise from 
the perturbation caused by the solvent rigidity, as dif- 
ferent molecules in a solid sample experience different 
microenvironments. This effect, in principle, can lead 
to the distribution of activation barriers and to  complex 
(dispersive) kinetics. Recent approaches to dispersive 
kinetics in condensed media offer various mathe- 
matical models for treating experimental data. Sponsler 
et al., applying a method called ‘distribution slicing’, 
showed experimentally that the rate dispersion may 
arise from a distribution of activation energies ( E )  with 
the Arrhenius pre-exponential factor ( A )  remaining 
constant. 

Since elucidation of the matrix perturbation in solid- 
state reactions is highly challenging and only a few 
systems have been analysed so far, we decided to study 
the kinetic behaviour of unimolecular reactions of 
structurally designed molecules for which microen- 
vironmental effects are expected to be a function of 
molecular structure. The chosen model reaction obeys 
conformation-dependent charge delocalization in 
radical cations generated from a series of 

(n = 1-3) in a 3-methylpentane glassy matrix. 
cy ,w-diaminoalkanes (CH3 ) z N ( C H Z ) ~ N ~ ( C H ~  )z, 

* Authors for correspondence 

0894-3 230/ 90/ 1 10757-03 $05.00 
0 1990 by John Wiley & Sons, Ltd. 

RESULTS AND DISCUSSION 

The apdiaminoalkanes studied were N, N, N’ ,W -te- 
tramethyldiaminomethane (n = 1; l ) ,  N,N, N‘, N’-te- 
tramethyldiaminoethane (n = 2; 2)  and 
N , N , N  ,N‘-tetramethyldiaminopropane (n = 3, 3). A 
mechanistic discussion of conformation-dependent 
charge delocalization in radical cations of 1 ,  2 and 3 
together with relevant results and descriptions of the 
experimental details were given p r e v i ~ u s l y . ~  It was 
found that the time needed to achieve a suitable 
geometry for charge delocalization was a function of 
the number of methylene groups separating the 
nitrogen atoms. The most complex initial conformation 
is expected for 3 and it was not surprising that this mol- 
ecule needs the longest time to achieve a suitable con- 
formation for charge delocalization. In this case the 
through-space interactions are dominant and they are 
expected to be strong only if two nitrogen atoms are in 
close vicinity. Our recent work4 clearly supports the 
view that conformational motion restricted by the rigid 
matrix environment leads to  substantial changes in the 
time-resolved absorption spectra, which in turn reflect 
intramolecular interactions in diamine radical cations. 
However, the discussion of the kinetics was left open 
and will be present here. 

Intramolecular conformational changes lowering the 
energy of radical cations lead to  structures suitable for 
charge delocalization. This intramolecular rearrange- 
ment should, in principle, follow first-order kinetics. 
However, the experimental data do not follow such 
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kinetics, as is shown in Figure 1 (curves 1.4, 2A and 
3.4). The kinetics are more complex, suggesting a distri- 
bution of the initial conformation leading to distri- 
bution of the reaction rates. Therefore, we have 
analysed our results in terms of dispersive kinetics using 
the time-dependent rate coefficient in the form 

k ( t )  = Bt"-' (1) 

where the coefficient 0 < CY < 1 measures the reactivity 
dispersion. '*' The first-order kinetic equation 

- dc/dt = k( t )c  (2) 
with the time-dependent rate coefficient [equation (l)] 
on integration gives the relation 

In(c/co) = - (B/cu)t" = - ( t /70)*  (3) 
which fits the experimental results well (Figure 1, curves 
lB, 28 and 3B). 

Phenomenologically, the decrease in the rate coeffi- 

Figure 2. Densities of activation energy distribution for the 
formation of diamine radical cations 

cient k ( t )  with time according to equation ( I )  implies2 
that the activation energy for reaction increases as 

E = EO + ( 1  - c~)RT[ln(t/~n)l (4) 
where TO = ( a / B )  '"' for the first-order reaction. This 
enables one to  obtain the distribution function for acti- 
vation energy F ( E )  from F ( t )  = 1 - ( c / C O ) .  The den- 
sities of the activation energy distribution function, 

g(E) = d F ( E ) / d E  (5) 
are depicted in Figure 2 for a value of the pre- 
exponential factor in the Arrhenius equation equal to 
log A = 10. The first moments of the activation energy 
distribution,' i.e. the mean value of activation energy 
( E )  

( E )  =En - [0*577(1 - CY)RT/CY)] (6) 
and the dispersion characterizing the width of the acti- 
vation energy distributions, 

(7) 
are given in Table 1 together with the kinetic par- 
ameters used for data fitting. It is clearly seen that the 
activation energy distribution function becomes 
broader as the number of methylene groups separating 
the two nitrogen atoms increases. This effect is 
accompanied by a substantial increase in the raising 

U' = r2/6[(1 - CY)RT/CY] ' 

Table 1. Rate and activation parameters for the formation of 
diamine radical cations with delocalized charge 

TO ( E )  (12 

Diamine 01 (S) (kJ mol-') ( k J 2  rnol-') 

1 0 .62  9.1 x 8 . 3  0 .34 
2 0.53 8.8 x 9.9 0.72 
3 0.45 8 . 1 ~ 1 0 - ~  11.4 1.37 
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time of the absorption characterizing the radical cation 
with delocalized charge. 

One can intuitively visualize this observation in the 
following way. The conformational flexibility of a 
diamine is greater for molecules having a longer chain 
separating the two nitrogen atoms. Greater confor- 
mational flexibility causes greater conformational dis- 
order of diarnine molecules embedded in the glassy 
matrix. After ionization, the radical cation initially 
formed retains the structure of the neutral parent and 
conformational motion monitored as the absorption 
change with time leads to the structure of the lowest 
energy characterized by the greatest interactions. 
Greater initial conformational disorder should be 
characterized by a broader activation energy distri- 
bution function and a longer time should be needed to  
achieve a favourable conformation. It is expected that 
the molecule in the initial conformation surrounded by 
its own microenvironment possesses a characteristic 
activation barrier for conformational motion which is 
partially a function of this microenvironment. 

All these expectations were verified by experimental 

results presented above. The results discussed here were 
obtained in a 3-methypentane glassy matrix, but similar 
conclusions can be drawn from the results obtained 
with methylcyclohexane glass. There is no doubt that a 
correlation exists between the kinetic behaviour of a 
conformationally driven reaction and the structure of 
the matrix site accommodating the reacting molecule. 
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