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Introduction 
The a-type radical cations generated by one electron oxidation of the rituratod 

hydrocarbon have been attracted much attention because of their fundamental importance as 
primary reactant species in radiation chemistry[l,2]. Our studies on a-type radical cations were 
recently extended to the silacyclohexane (cSiC5), silacyclopentane (cSiC4), .and 
silacyclobutane (cSiC3) radical cations. Their electronic structure, dynamics, and reactions 
were investigated by means of low temperature matrix isolation ESR technique combined with 
ionizing radiation (y-rays from 60Co) [3]. 

In the preceding paper, the 1-methylsilacyclohexane (l-Me-cSiC5) radical cation has 
been found to take an asymmetrically distorted Cj structure with one of two Si-C bonds 
elongated in which the unpaired electron mainly resides (2A in C,) [3 a]. This conclusion was 
based on the 4.2 K ESR spectra of radical cations of selectively deuteriated and/or methyl-
substituted silacyclohexanes, i.e., cSiC5-2,2,6,6-^4

+, l-Me-cSiC5+, l-Me-cSiC5-2,2-c?2
+, 1-

Me-cSiC5-2,2,6,6-dA
+, l,l-Me2-cSiC5+, and 4,4-Me2-cSiC5+, in a frozen CF3-cC6Fu matrix. 

Here we report further experimental and theoretical results on 1-methylsilacyclohexane radical 
cation, especially on the ab initio MO results and matrix effects on the structural distortion, as 
well as thermal reactions of the radical cations. The results will make it clear that the distorted 
C\ structure of the l-Me-cSiC5+ is the intrinsic nature at the ground electronic state. 

Experimental 
Solid solutions containing ca.0.1 mol % of the solute in halocarbon matrix molecules 

were prepared in Suprasil ESR sample tube on a vacuum line and then irradiated by y-rays at 
77 K. This method is well established to generate the solute radical cation [1-3]. The ESR 
spectra were recorded on a Bruker ESP300E spectrometer from 4 K to the temperature at 
which all solute radicals decayed. The ab initio MO calculations were carried out on a Convex 
C3240 computer at Information Processing Center, Hiroshima University. 

Results and Discussion 
We have proposed, for l-Me-cSiC5+, the asymmetrically distorted SOMO (singly 

occupied molecular orbital), a in Cj, with one of the Si-C bonds elongated based on the 
analysis of experimental 4.2 K ESR spectra observed in CT^-cCgF!! matrix (Fig.l (a)) [3a]. In 
the low temperature halocarbone matrix isolation, however, matrix effects should be always 
took into account on the electronic ground state of the radical cation. In fact the electronic 
ground state of some alkane radical cations has been sometimes affected by matrix used. The 
theoretical approach to the static electronic structure is useful to clarify the matrix effect on the 
ground electronic state. 
MO Calculation The geometrical structure of l-Me-cSiC5+ was optimized by the ab initio 
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MO method (Gaussian 90 / STO-3G basis 
set). The calculations resulted in the 
asymmetrically distorted Q structure. The 
results are summarized in Fig.l (b). In the 
Ci structure one of the Si-C bonds is 2.175 
A, which is elongated by 0.308 A (16 %) 
longer, while the other Si-C bond is 
contracted by 0.005 A (0.3 %) compared 
with the "normal Si-C bond length", 1.867 
A, of the neutral molecule. The other C-C 
bonds are unchanged. 

Consistent with the experiments the 
electronic ground state of 2A in Cj was 
theoretically calculated: the 2A state 
resulting in more stable by 0.33 eV in the 
total energy than the 2A" state in a 
symmetrical Cs structure. Furthermore, our 
systematic theoretical calculations for a 
series of silacyclohexane radical cations lead 
to distorted Cj structures in preference to 
symmetric Cs structures and this preference 
is not altered by introducing methyl groups 
to Si atom. 

The JH hf splittings were evaluated by 
INDO-MO method for the optimized Cx 

structure (in parentheses in Fig. 1 (b)). The 
calculated hf splittings for four equatorial 
hydrogens, H3e, H5e, H2e, and H^, are 
compared with the 
experimental ones as follows: 
7.40 mT (cal.) vs. 7.3 mT for 
H3e, 0.36 mT (cal.) vs. 2.4 
mT for H5e, 2.59 mT (cal.) 
vs. 3.0 mT for H6e, and 0.32 
mT (cal.) vs. 2.0 mT for H2e. 
The coincidence between the 
experimental and calculated 
values are not perfectly good. 
But, taking the 
approximations used in the calculation into consideration, one might say that the coincidence 
were rather good. Thus, an asymmetrically distorted C\ structure of cSiC5+ was concluded 
both experimentally and theoretically. 
Temperature dependent ESR Spectra: matrix effect The temperature dependent ESR 
spectra were observed for l-Me-cSiC5+ in CFycC6*Fn matrix as shown in Fig.2 (a). They 
were reversibly changed in the temperature range 4 K - 140 K. The spectral line shapes were 
successfully analyzed in terms of Si-C bond length alternation between two mirror imaged 
distorted Cl structures (Scheme 1) [3a]. The rate constants (k) for the dynamics were 

Fig. 1. (a) A proposed SOMO for the l-Me-cSiC5+ together 
with the isotropic 'H hf splittings observed in CF3-cC6Fi l 
matrix at 4.2 K. (b) C\ geometrical structure optimized by ab 
initio MO method at UHF / STO-3G level of Gaussian 90. The 
values in parentheses arc the isotropic >H.hf splittings (in mT) 
calculated by the INDO MO method for the optimized 
geometry. 
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evaluated by the spectral line shape simulations: for example, k = 1.2 x 107 s*1 at 4.2 K, k = 
2.5 x 108 S"1 at 140 K. The rate constant at 4.2 K was found to become one third compared 
with that of cSiC5+. 

Fig. 2 (b) shows the temperature dependent ESR spectra observed for l-Me-cSiC5+ in 
CF3CCI3 matrix. In the temperature range of 4.2K to 140K, the spectral line shapes reversibly 
changed with the constant total hfs of 9.7 mT. The observed temperature dependency in 
CF3CCI3 is quite different from that in CF3-cC6Fu. That is, the doublet of 8.8 mT at 4.2K 
reversibly changed to the doublet of doublets with hf splittings of 7.0 mT and 2.7 mT at 140K. 
The 140 K spectral line shape is rather close to that in CF3-cCgFn at 4.2 K although 
amplitude of the inner doublet is more intense. With increasing temperature from 4 K to 140 K 
the inner doublet shifts toward the center, but its signal intensity being kept almost constant. 
This process is reversible with temperature. The spectral line shape change can not be 
reproduced by a dynamic model of the Si-C bond length alternation. Instead, we propose a 
modified model to explain the spectral change: the structural distortion becomes larger with 
increasing temperature. This suggests that the interaction between matrix molecules and the 
radical cation become weaker with increasing temperature. The very similar temperature 
dependent spectral line shapes were also observed for cSiC5+ in CF2BrCF2Br matrix. The line 
shapes can be successfully reproduced by the simulation method employing two parameters of 
the rate constant and a degree of structural distortion. 
Thermal Reaction The irreversible ESR spectral change was observed, when the radical 
cation of l,l-Me2-cSiC5 warmed to 120 K in CF2ClCFCl2. The spectrum observed at 120 K 
is shown in Fig. 3 (b), and can be analyzed in terms of isotropic hf splittings of 4.64 mT (1 H), 
2.08 mT (1 H) 1.59 mT (1 H). These lB. hf splittings can be assigned to the neutral radical 
formed by the geo-selective deprotonation at the carbon next to the Si atom with two methyl 
groups. It have been reported for primary alkane radical cations that the hydrogen 
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Fig. 2. Temperature dependent ESR spectra of l-Me-cSiC5+ observed in (a) CF3-CC6F11 (b) CF3CCI3 
matrices. The broken lines are simulated spectral line shapes corresponding to (a) together with the rate 
constant A: (in 107 s-1) employed. 
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having the higher spin density are 
predominantly deprotonated in the thermal 
reaction [4]. In the present l,l-Me2-cSiC5+ 

there is no correlation between deprotonation 
site and the spin density distribution [5], 

Conclusions 
The asymmetrically distorted Q 

structure with one of two Si-C bonds 
elongated was concluded to be an intrinsical 
nature for the l-Me-cSiC5+. Its electronic 
ground state was found independent of 
introducing methyl group to the Si atom. Effect 
due to the matrix used can be neglected, 
especially on the structural distortion. However, 
the effect is not strong enough to alter the 
electronic states of radical cation; it affects 
only the degree of the structural distortion. The 
radical cations of cSiC4 and cSiC3 are also 
found to have a distorted C\ structure similar 
to that of l-Me-cSiC5+ in their electronic 
ground state. The further results will be 
published elsewhere. 
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Fig. 3. The ESR spectrum of 1,l-Me2-cSiC5+ observed at 
77 K in CF2CICFCI2 matrix, (b) ESR spectrum of a neutral 
radical formed by the deprotonation of l,l-Me2-cSiC5+ at 
120 K. The broken lines show a simulated spectrum using the 
hf splittings of 4.64 mT (1 H), 2.08 mT (1 H), 1.59 mT (1 H). 

/ 
M e CFjCICFCIa o Me 

+ H+ 

Me 

- 5 3 0 -


