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The radiation chemistry of polyorganosiloxanes is of considerable 
current interest due to the widespread use of these materials in 
various branches of industry (including aerospace industry), 
medicine, etc.1,2 The radiolysis of polyorganosiloxanes has been 
studied.3 Methane, ethane and hydrogen have been identified in 
the gaseous radiolysis products of polydimethylsiloxane (PDMS).4 
The EPR spectra of PDMS irradiated at 77 K in a vacuum have 
been described.5 The formation of stable ºSiC

·
H2 radicals in 

PDMS has been detected.6,7 A hypothesis has been proposed5 
that methyl radicals decayed in combination reactions by a dif­
fusion mechanism and the kinetics of radical combination in 
PDMS was stepwise. More recently, it has been found8 that methyl 
radicals decayed at 77 K as a result of radical-center transfer rather 
than combination. The decay of methyl radicals in siloxane block 
copolymers occurred in the same dimethylsiloxane microphase 
where they were formed. Therefore, the migration of methyl 
radicals from the parent microphase is unlikely, and the decay 
kinetics of methyl radicals in siloxane block copolymers is hindered 
because of the kinetic nonequivalence of chemically identical 
centers.

Pankratova and Bugaenko,9 who studied the radiolysis of 
siloxane block copolymers using UV spectrometry, found that 
charge or excitation-energy transfer along a siloxane chain was 
strongly hindered. Lyashevich et al.10 examined the irradiation 
of siloxane block copolymers containing PDMS and polyphenyl­
silsesquioxane (PPSQ) blocks and described a stabilizing effect 
of the rigid PPSQ block on the block copolymer as a whole. This 
effect was due to the presence of phenyl groups in a polymer or 
polymer blend regardless of the occurrence of siloxane cross-
links. However, it remained unclear whether methyl radicals 
decayed within the same monomer unit.

The aim of this work was to study the decay kinetics of methyl 
radicals in X-ray irradiated PDMS, polymethylsilsesquioxane 
(PMSQ) and dimethylsilanediol (DMSD). To ascertain the effect 
of the structure and composition of polymethylsiloxanes on the 
rate of decay of methyl radicals, PMSQ with a ladder structure 
and the general formula {[Me2SiO]a[MeSiO1.5(OH)]b}, where 
a:b = 2:1, containing 2.2% OH groups was used for comparison.† 
At room temperature, the PDMS (SKTa grade) is a colorless 
viscous liquid and the PMSQ is a powder readily soluble in toluene. 

According to NMR spectroscopic data, the PMSQ is a non-cross-
linked polymer. 

Crystalline DMSD, a structural analog of the monomer unit 
of PDMS, was synthesized in accordance with a published proce­
dure13 immediately before measurements. Since the crystal lattice 
parameters of DMSD, which is highly hygroscopic, are unavail­
able, we calculated its structural characteristics. The molecular 
geometry of DMSD was determined using Gaussian 03 based on a 
full optimization by the MP2 method with the cc-pVTZ basis set 
(Figure 1). The molecular structure parameters of DMSD are 
very close to the characteristics of a monomer unit in PDMS 
(Table 1).
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As found by EPR spectroscopy, the decay of methyl radicals in the test compounds upon X-ray irradiation at 77 K resulted from 
radical-center transfer rather than radical combination; the rate constants of decay of methyl radicals in polydimethylsiloxane and its 
structural analog dimethylsilanediol were almost the same.

†	 The test materials were synthesized at the A. N. Nesmeyanov Institute 
of Organoelement Compounds, Russian Academy of Sciences (Moscow).
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Molecular structure of DMSD calculated by the MP2 method.Figure  1 
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The samples for EPR-spectroscopic measurements were evacu­
ated in ampoules of SK-4B glass, which gave no EPR signal upon 
irradiation, to a residual pressure of 10 Pa and then irradiated 
with X-rays at 77 K using a 5BKhV6-W tube (30 keV) for 3 min 
at a dose rate of 10 kGy/h. Then, the EPR spectra were measured on 
an X-band EPR radiospectrometer with a high-frequency modula­
tion of 0.15 mT at a microwave power of 0.2 mW. The test mate­
rials were solids under these experimental conditions. The EPR 
spectra of PDMS and DMSD were measured at regular intervals for 
5 h after the termination of irradiation, and the spectra of PMSQ 
were measured for 7 h after the termination of irradiation. The 
EPR spectrum of PDMS recorded 17 h after the completion of 
irradiation did not contain lines attributed to methyl radicals, but 
lines due to ºSiC

·
H2 and ºSi· were observed. The experimental 

spectra were processed using the SpectraCalc software package.
The EPR spectra of irradiated DMSD, PDMS and PMSQ are 

the superposition of a narrow quadruplet with the splitting constant 
a(3H) = 2.3 mT due to ·CH3 radicals, an anisotropically broadened 

triplet with the average splitting of ~2.0 mT due to radicals of the 
ºSiC

·
H2 type and a singlet due to paramagnetic centers like ºSi∙ 

(Figure 2). The half-sum of the heights of the edge components 
of the EPR spectra corresponded to the relative concentration of 
methyl radicals. Based on the experimental data, we constructed 
the kinetic curves of decay for methyl radicals in the test mate­
rials; these curves were adequately described as exponential ones 
(the error in the EPR double-integration measurements of methyl 
radical concentrations was estimated at 5%). The kinetic curves 
were linearized in semilogarithmic coordinates (Figure 3). This fact 
suggests that the decay of methyl radicals in DMSD, PDMS and 
PMSQ occurred as a pseudo-first-order reaction, unlike siloxane 
block copolymers, in which the decay kinetics of methyl radicals 
was hindered.8

We propose the following reaction scheme for the decay of 
methyl radicals in irradiated PDMS and PMSQ:

We found that the total concentration of radicals remained 

unchanged in the course of the decay of methyl radicals in PDMS, 
PMSQ or DMSD; that is, the concentration of ºSiC

·
H2 radicals 

increased simultaneously with a decrease in the concentration of 
methyl radicals (as estimated from the intensity of the central com­
ponent of an anisotropic triplet). As an example, Figure 4 shows 
the corresponding kinetic curves for PDMS. Thus, the conceiv­
able reaction of methyl radical combination was not observed 
and the above reaction scheme seems valid. The reaction rate 
constants of decay of methyl radicals in the samples upon irra­
diation determined from the linearized experimental curves are 
k = 8.5×10–5, 8×10–5 and 2×10–5 s–1 for DMSD, PDMS and PMSQ, 
respectively. Note that the irradiation times (3 min for PDMS or 
PMSQ and 4 min for DMSD) and times between the termination 
of irradiation and the first measurement of an EPR spectrum 
(5 min) were ignored in the determination of these rate constants. 
The decay reaction of methyl radicals occurred in a kinetic rather 
than diffusion region because the decay kinetics was qualitatively 
the same regardless of structure. The difference between the rate 
constants of decay in PDMS and PMSQ by a factor of 4 was due 
to different structures of these polymers and different concentra­
tions of methyl groups in them. The radiation-chemical yields of 
methyl radicals per 100 eV G(·CH3) were 1.2, 1.0 and 0.7 at doses 
of 2.5, 1.5 and 1.7 kGy for DMSD, PDMS and PMSQ, respec­
tively. The radiation-chemical yield of radicals in irradiated PDMS 
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EPR spectra of PDMS (Figure  2  a) immediately after irradiation and (b) 5 h 
after irradiation, PMSQ (c) immediately after irradiation and (d) 17 h after 
irradiation and DMSD (e) immediately after irradiation and (f) 5 h after irra­
diation.
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is consistent with published data,15 whereas those of radicals in 
PMSQ and DMSD were determined for the first time. The rate 
constants of decay and the radiation-chemical yields of methyl 
radicals in DMSD and PDMS are the same within the limits 
of  experimental error. The radiation-chemical yield of methyl 
radicals in structurally different PMSQ is lower because of a 
smaller concentration of methyl groups in this polymer.

Thus, we demonstrated that the decay of methyl radicals in 
irradiated DMSD and PDMS occurs by the same mechanism, and 
these radicals in DMSD, PDMS and PMSQ at 77 K decay at the 
same monomer unit as a result of radical-center transfer rather 
than another reaction.

We are grateful to Professor V. I. Feldman (M. V. Lomonosov 
Moscow State University) for helpful discussions and encour­
agement.
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