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Semi -empi r ica l  calculat ion of probabi l i t ies of radical fo rmat ion  at  
various sites in a 2 ,6 ,10 - t r imethy l  undecane 
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Semi-empirical calculations were done on a 2,6,10-trimethyl undecane to determine the activation energy 
for radical formation at various carbon sites. The results obtained were compared with probability of 
radical formation determined experimentally. 
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Introduction 
In order to understand the mechanism of free radical 

graft reactions onto high molecular weight polyolefins, 
squalane and related small molecules have been the 
targets for quite sometime. Characterization of less than 
5 % grafted polyolefin materials is extremely difficult and 
has been one of the major reasons for the use of smaller 
molecules in mechanistic studies. 

Recently, Kissin I has reported thermocracking of 
squalane, phytane and pristane at 250°C for 24 h and 
analysing by high resolution capillary gas chromatography. 
The relative population of radicals reported from such 
thermocracking of squalane is shown in Figure 1. 
Interestingly, the tertiary protons in the middle of 
the molecule could have a better radical population 
compared to those at the chain ends. Similarly, Russell 
and Kelusky 2 have reported successful mechanistic 
studies of grafting maleic anhydride onto polyolefins. 
Such grafting reactions and reaction mechanisms have 
been studied in an extruder by different groups 3'4. 

We have been studying functionalization of poly- 
olefins 5-8, hence our interest in mechanistic studies on 
squalane. Squalane can be envisioned as a model 
compound for ethylene-propylene copolymer. In this 
study we report our initial work on activation energy 
calculations on 2,6,10-trimethyl undecane, which has 
been used as a squalane prototype molecule, and compare 
our results with the relative radical population obtained 
by thermocracking experiments as reported by Kissin 1. 

Semi-empirical calculations have been used to calculate 
activation energies of chemical reactions with considerable 
s u c c e s s  9. We have used these calculations to predict the 
relative ease of radical formation and match them with 
the experimental results. 

Calculation 
We have used the semi-empirical package MOPAC 

6.0 (purchased from Quantum Chemistry Program 
Exchange) to calculate the activation energies. AM1 
Hamiltonian was used in all the calculations 1°. The 
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structure of 2,6,10-trimethyl undecane is shown in 
Figure 2. It is similar to squalane. The symmetric half 
was omitted to limit the number of atoms to less than 
50. For  each of the atoms marked in Figure 2, the 
activation energy was obtained by calculating the 
reaction profile for C - H  bond breaking. These were the 
atoms for which experimental data on relative population 
were available. A full geometry optimization was done 
for each structure; symmetry constraint was not used. All 
the calculations were done on an IBM 550/6000. 

Results 
The activation energies relative to carbon d(C-d), are 

shown in Table 1. The higher the relative activation 
energy the more difficult it is to form the radical. It can 
be seen from Table 1 that the activation energy follows 
the same trend as the relative abundance. The only 
discrepancy between the calculated and experimental 
results is seen to be with the end carbon atoms. These 
atoms are in an unnatural environment and have 
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Figure 1 The relative population of radicals from thermocracking of 
squalane 1 
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Figure 2 The numbering scheme for 2,6,10-trimethyl undecane used 
in the calculation 
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Tible I Comparison of calculated activation energies with experimental 
relative radical abundance 

Carbon Relative activation energy Reported relative 
no. (kcal tool- 1) radical abundance 1 

a -2.0 0.31 
b 2.4 0.77 
c 3.6 0.16 
d 0.0 1.0 
e 8.1 0.05 
f 3.2 0.16 
g 2.1 0.95 
h 3.7 0.16 
i - 1.0 0.99 
j 7.5 0.05 

considerable freedom of conformat ion  compared  with the 
si tuation in a melt. Ca rbon  a toms C-g and C-i have 
activation energies of  2.1 and - 1 . 0 ,  respectively, with 
corresponding relative abundances  of  0.95 and 0.99. The 
negative sign indicates that  C-i is favoured in compar i son  
to C-d to form the radical. Since the relative abundance  
for C-i is 0.99, we consider that  there is no  discrepancy 
between the calculated and experimental results. Atoms 
C-c, C-f  and C-h, all of  which have a relative abundance  
of  0.16, have activation energies in the range of  3.2-3.7. 
The ca rbon  a toms with the least relative abundance,  C-e 
and C-j, have the highest act ivat ion energy, 8.1 and 7.5, 
respectively. Thus  the relative abundance  of  radical 
format ion  can be seen to be linked with the activation 
energy for the radical formation.  

Conclusion 

Semi-empirical calculations have successfully predicted 
the radical format ion for 2,6,10-trimethyl undecane. (We 

thank the referees for pointing out  the influence of 
tacticity on the results. The calculated molecule is 
isotactic, the experimental sample to our  knowledge is a 
mixture. This might  explain some of  the minor  differences 
observed between the calculated and experimental 
results.) The results compare  well with experimental 
observations. Thus we can predict the probabil i ty of  
radical format ion at a part icular site. We have reported 
here the activation energies for the ca rbon  a toms for 
which experimental da ta  on relative abundance  are 
available. Similar calculations can be applied to other 
systems and we are currently pursuing such calculations. 
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