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A study of alkyl radicals 
in the matrix of polycrystailine n-alkane T-irradiated at 77 K 
1. Effect of chain length on ESR spectra of T-irradiated linear alkanes 
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The composition ofalkyl radicals ~'AR) formed by "/-radiolysis (T=  77 K) of polycrystalline 
n-alkanes with different lengths of the carbon chain (C(5), C(7), C(10). C(I I), and C(18)) and 
their polymeric analog (polyethylene) was estimated from the ESR spectra. The ESR spectra of 
the irradiated n-alkanes are superpositions of the signals from the H3CC'HCH e- and 
-CH2C" HCH2~ radicals, whose HFS constants with ot and 13 protons as well as the equilib- 
rium contbrmation are independent of the chain length of the n-alkane molecule. A depen- 
dence of the concentration of the radicals on the chain length of n-alkane was found. The 
absence of the -CH2C' H, radicals that may arise upon H atom elimination from the Me 
fragments of the n-alkane molecules is most likely related to the transfer of excitation energy 
from the Me group to the neighboring methylene fragment and the transformation of the 
-CH2C H, radicals into H_~CC" HCH.~- radicals. With account for this, the concentrations of 
the AR formed were suggested to be proportional to the number of H atoms at the 
corresponding C atom. 

Key words: polycrystalline n-alkanes, polyethylene, 7-radiolysis, distribution of radicals, 
E S R spectroscopy. 

Hyper-t]ne structure (HFS) of the ESR spectrum of 
alkyl radicals (AR) in the solid phase reflects the interac- 
tion of an unpaired electron with the nearest environ- 
ment only. In these ESR spectra, the values of HFC 
constants with 7-protons do not exceed 0.05 roT, I which 
is much less than the halt-width of the spectral compo- 
nents (-1.0 mT) z and, as a rule, they cannot be detected. 
Therefore, HFS of ESR spectra of AR is the result of the 
interactions of an unpaired electron with 0t- and 
[3-protons only. As a result, only AR with the free 
valence at the C atoms in positions I, 2, or 3 can be 
distinguished in the solid phase from ESR spectra. There- 
fore, the composition of AR formed during 7-radiolysis 
ofn-alkanes can unambiguously be determined from the 
ESR spectra of the latter only for molecules with a chain 
length of at most five C atoms. In the case of n-alkanes 
with a longer chain, the AR composition can be estab- 
lished indirectly. For this purpose, one should know how 
the carbon chain length of the n-alkane molecule affects 
the composition of radicals formed under its radiolysis. 

Although numerous data have been obtained by the 
ESR study of irradiated solid o~anic substances, z the 
quantitative composition of AR and its dependence on 
the chain length of the linear alkane are virtually unstud- 
ied. 

This work is devoted to the ESR study of radicals 
formed under 7-radiolysis of polycry, stalline linear al- 
kanes with different chain lengths. 

Experimental 

Linear alkanes n-CsHI2, n-CTHIr, n-CIoH22, and n-C~sH38 
(content of the main substance _>99.95%) and their high-mo- 
lecular analog, a low-pressure polyethylene (PE) powder, 
were used. 

Radiolysis of samples (6~ 7-radiation, dose of irradiation 
power 28 Gys -t) was carried out in tubes of SK-4B glass in 
vacuo at 77 K. ESR spectra were recorded on a PSI00.Kh 3-cm 
radiospectrometer. 

ESR spectra of radicals were simulated using the 
EPRTOOLS program (version 3. developed at the Scientific 
Technical Cooperative Center for Radiospectroscopic Instru- 
ment-making "Tsentrospektr," Minsk). 

Results and Discussion 

The shape of ESR spectra of irradiated polycrystal- 
line samples of linear alkanes depends, to a great extent, 
on the chain length of the alkane molecule. When the 
chain gradually elongates, the seven-component  spec- 
trum transforms into the six-component spectrum. The 
ESR spectra of n-alkanes 7-irradiated at 77 K are pre- 
sented in Fig. 1 (spectra 3--8). The theoretical spectra of 
H3CC'HCH 2- and - H 2 C C ' H C H 2 -  corresponding to 
the seven- and six-component  spectra were obtained by 
the simulation of the experimental spectra of irradiated 
n-alkanes (see Fig. I, spectrum 2, Table I). The 
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Fig. !. Theoretical ESR spectra of H~CC HCH~- (/) and -CH.~C" HCH U radicals (2): experimental (3--8") and 
theoretical (3"--8") ESR spectra of n-CsHi2 (3, 3"), n-C7HI6 (4, 4"), n-CIoH2z (5, 5"), n-C~lH24 (6 (Ref. 3). 6"), 
n-CI,~H3~ (7. 7"), and PE (8, 8") y-irradiated at 77 K with a dose of 30 kGy. 

Table 1. Parameters of the ESR spectra and equilibrium conformation of alkyl radicals formed 
under "l-radiolysis of n-alkanes at 77 K 

Radical H FC constants/roT Angle 
/deg* 

aaH a c H H  a C H .  H(I)  H~ ~ ) �9 H(4) O I 0-, _ _ a 'CH2 - aCH.  H*, JI a'CH 2 

H~CC" HCH z-.R2 2.4 2.55 3.8 3,3 26 34 
-CHIC" HCH2-,Rr, 2.2 3.56 3.56 3.56 3.56 30 30 

* The angle between the projection &the CI~--H bond of the methylene fragment of the radical and 
the axis of the orbital of an unpaired electron. 

H3CC" HCH 2- radical (R 2) is formed when the H atom 
is eliminated from the second C atom of the n-alkane 
molecule. The HFC constants obtained for this radical 
agree well with the parameters of these radicals stabilized 

in single crystals of n-alkanes irradiated at 77 K. 3 As 
follows from Table I, in the -CH2C" HCH2~ (Rm) radi- 
cal, all four H!3 atoms are equivalent. The HFC con- 
stants with these protons are equal to -3.56 roT. The 
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HFC constants close to this value have been obtained by 
examination of  the spectra of  the - C H 2 C  HCH2-  radi- 
cals stabilized in PE. 4-6 

Examination of the ESR spectra of  y-irradiated 
n-alkanes shows that they mainly represent a superposi- 
tion of  signals from the R2 and R,n radicals. On going 
from one alkane to another, the main parameters of the 
ESR spectrum of these radicals (HFC constants with 
a-  and 13-protons) remain unchanged. However, the 
linewidths in the ESR spectra o f  the R~ and Rrn radicals 
can differ (Table 2). For example,  in the theoretical 
spectrum of n-undecane (see Fig. 1, spectrum 6"), the 
lines of the R,,, radical are more narrow than those in the 
spectra of other alkanes. This results in a substantial 
distinction of the spectrum o f  n-undecane from the 
spectra of other n-alkanes (see Fig. I). Thus, the ob- 
served distinction in the spectrum of  n-undecane can be 
explained by a decrease in the ESR linewidths. 

The HFC constants  wi th  s - p r o t o n s  for the 
H3CC 'HCH 2- and -CH2C" HCH 2- radicals (2.4 and 
2.2 roT, respectively) coincide well with known values, t 
In alkyl radicals where the mot ion around the C~--CI3 
bond is retarded, the HFC with the p-proton depends on 
the geometry of  the radical (the angle of rotation about 
the C~--Co bond) and is described by the formula 

%H = Blp( z + B.p,~cos2O. (1) 

where B t = 0.38 roT, B 2 = 5. I mY; Pa is the spin density 
on the C atom C(~; and 0 is the angle between the 
projection of  the C~--H bond and the axis of  the orbital 
of an unpaired electron. 7.8 The parameters of  the R, and 
R m radicals presented in Table 1 are well described by 
Eq. (I). Since the HFC constants with p-protons of 
these radicals are independent of  the length of the 
hydrocarbon chain and elongation of  the latter to ap- 
proximate the PE macromolecuIe exerts almost no effect 
on the parameters of the ESR spectra, the equilibrium 
conformation of the R 2 and R m radicals should also be 
independent of  the chain length of  the n-alkane mol- 
ecule. 

We found that a strictly specified quantitative corre- 
lation between the concentrat ions of the R 2 and Rra 
radicals was fulfilled for ~/-radiolysis of  polycrystalline 
n-alkanes. The ratio of the concentrat ions of  these radi- 

Table 2. Parameters of the theoretical spectra that most 
well describe the experimental ESR spectra of n-alkanes 
irradiated at 77 K 

Alkane R 2 : R,, h*/mT 
R 2 Rm 

n-CsH!.~ 5 : 1 1.2 1.6 
n-C?t-ll 6 5 : 3 1.0 1.6 
n-CIoH22 5 : 6 1.0 I.g 
n-C~lH24 5 : 7 1.0 1.0 
n-CjsH38 5 : 14 1.2 1.6 
PE 0 : 1 2.0 

�9 h is the half-width of spectral lines. 

cals in the theoretical spectra of  n-alkanes irradiated at 
77 K are presented in Table 2. It follows from these data 
that  the ratio of  concentrat ions of  the R 2 and R,n 
radicals depends on the alkane chain length. In the case 
o f  n-pentane (see Fig. 1, spectra 3 and Y) ,  the seven- 
component  ESR spectrum is mainly observed, which is 
at tr ibuted to the H3CC'H(CH2)2Me radical, whose 
concent ra t ion  is f ivefold higher  than that  of  the 
HC[CH2Me] 2 radicals. An inverse ratio of  concentra-  
tions of  the R 2 and Rm radicals (5 : 14) is observed for 
the samples of ' i - i r rad ia ted  n-octadecane. In the case of  
n-octadecane (see Fig. I, spectra 7 and 7"), the content 
o f  the R 2 radicals (H3CC'HCH2(CH2)IaMe)  is almost 
threefold lower than that of the - C H 2 C ' H C H 2 -  radi- 
cals. In turn, the ESR spectra o f  irradiated n-Cl0H:2 
and n-CIIH24 conta in  signals From the R 2 and Rm 
radicals with a close intensity. Since the spectra of  the 
Rm (see Fig. 1, spectrum 2) and R2 radicals (see Fig. 1, 
spectrum /) substantially difl~r, the shape of  the spec- 
trum of  irradiated n-alkane, being a superposition of  
signals from these radicals, is determined by the relative 
concentration of  the latter. 

Thus, the main portion of  radicals formed upon 
y-radiolysis of polycrystalline short-chain n-alkanes com- 
prises R 2 radicals whose free valence is localized at the 
second C atom. The Rm radicals (~CH2C" HCH2-)  are 
mainly observed in the radiotysis of  n-alkanes with a 
longer chain at 77 K. With a gradual elongation of  the 
chain of the n-alkane molecule, the fraction of the R,~ 
radicals increases in the ESR spectrum, and the latter 
transforms from the seven-component  into the six-com- 
ponent  spectrum. These changes in the ESR spectra on 
going from high-molecular  paraffin or PE to lower- 
molecular  n-dodecane are explained 9 by the transition of 
the R m radical from one conformation to another. How- 
ever, our analysis showed that the observed changes were 
related to distinctions in the quantitative ratio between 
concentrations of  the R 2 and R m radicals rather than to 
the conformational peculiarities of  the R,,, radicals. 

Let us consider the ratio of  concentrations of  the 
alkyl radicals as a function of  the chain length of  the 
molecule of irradiated n-alkanes. We can suggest that 
the distribution of  the alkyl radicals Rx, R2, R3, ..., R,, 
formed by 7-radiolysis of  a polycrystalline n-alkane due 
to the elimination o f  the H atom from the first, second, 
third,  and nth C a tom corresponds to the equiprobable 
abstraction of the H atom from any C atom. In this case, 
the concentrations o f  the radicals with different struc- 
tures should be proport ional  to the number of H atoms 
at the corresponding C atoms in the n-alkane molecule. 
For  example, for n-pentane,  the ratio of  concentrations 
of  the radicals should be the following: 

R l : R 2:  R 3 =  3 : 2 : 1. (2)  

The R t radical is not detected experimentally, and the 
ratio of  concentrations of  the observed radicals R2 and 
R 3 should be 2 : 1. The  experimental ratio of concentra-  
tions of  these radicals is 5 : I (see Table 2). Since three 
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units, by which the concentration of the R 2 pentyl 
radicals increases, are equal to the fraction of the RI 
radicals in Eq. (2), we may assume that during -/-radiolysis 
of n-pentane at 77 K the R~ radicals are transformed 
into R~. Most likely, this transition occurs be~'bre the 
formation of the RI radical and is a result of the transfer 
of the excitation energy of the Me group to the adjacent 
CH~ fragment. The possibility of this energy transfer 
during radiolysis of the n-alkane molecule has been 
observed previously, t0 Analysis of the ESR spectra of 
other n-alkanes irradiated at 77 K also indicates an 
increase in the concentrat ions of the R 2 radicals at the 
expense of the R~ radicals. The ratio of the radical 
concentrations in the theoretical spectra (see Fig. I, 
spectra 3 ' - -7") ,  which optimally describe the experi- 
mental ESR spectra of the corresponding irradiated 
n-alkanes (see Fig. I, spectra 3--/"), is presented in 
Table 2. The concentrations of the alkyl radicals R I, R 2, 
.... R n (taking into account the transformation of the R 1 
radicals into R2) are proportional to the number of H 
atoms at the C atoms in the n-alkane molecule. As 
follows from the data in Table 2, the concentrations of 
the alkyl radicals formed by ~,-radiolysis of polycrystat- 
line n-alkanes whose molecules contain more than tbur 
C atoms are described by the ratio JH3CC'HCH2]/  
[ - C H 2 C  HCH2~ ] = 5/(n - 4), where n is the number of 
C atoms in the n-alkane molecule. 

Thus. the observed deviation from the primary distri- 
bution of radicals proportional to the number of H 
atoms at the C atoms of the n-alkane molecule is most 

likely associated with the transfer of the excitation en-  
ergy of the CH 3 group to the adjacent methylene 
fragment. 
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