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Abstract : The gamma-ray irradiation chemistry of cctamethyltrisiloxane, decameth-
yltetrasiloxane, dodecamethylpentasiloxane, hexamethylcyclotrisiloxane and octamethyl-
cyclotetrasiloxane has been studied. Gas and liquid product yields are reported. The

mechanism of prcduct formation is rationalized in terms of mass spectrographic frag-

mentation patterns.

tion of organic molecules in the adsorbed state
INTRODUCTION is of interest for a variety of reasons. Among

The phenomena associated with the irradia- these is the need for this knowledge in
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order that we may define the structures of
elastomers and other composites which have
been polymerized or crosslinked by ionizing
radiation. However, the basic question of ener-
gy transfer at the interfaces between polymers
and solids is a broader and more fundamental
problem and is increasingly the subject of
investigation.

In the present paper, part 2 of a series, we
discuss the irradiation of chemistry of a num-
ber of “higher” siloxanes. Specifically these
were octamethyltrisiloxane (MDM), decameth-
yltetrasiloxane (MD,M), dodecamethylpentasi-
loxane (MD;M), hexamethylcyclotrisiloxane(D;)
and octamethylcyclotetrasiloxane (D,),

A number of these materials have been stu-
died in the past but, in view of the fact that
the radiation yields from the present work will
be used as the basis for defining energy trans-
fer, it was deemed necessary to undertake this
new study in order that we might have a con-
stant base to which we could compare the ra-
diation chemistry in the liquid and adsorbed

states.

Experimental

The samples were all supplied through the
courtesy of the General Electric Company, Sili-
Waterford, New

York. Their purification and analyses were

cone Products Department,

performed in an identical way to that described
for hexamethyldisiloxane, in part 1 of this
series.

The specifics as to the irradiation source,
methodology and data treatment are also desc-
ribed in the above mentioned paper.

Results and Discussion

The volatile products (at -82°C) from the
irradiation of MD,M, D;, and D, were similar
to those found for MM, specifically hydrogen,
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methane, and ethane. The gaseous product yiel-
ds from the MD,M, are compared to the MM
yields in Table | while those for D; and D,
are given in Table .

The major liquid products for the linear sil-
oxanes MDM, MD,M, MD;M and the cyclic
siloxane, D,, were analyzed by vapour phase
chromatography. The resultant chrcmatograms
with product assignments based on coincidental
retention times are shown in Figs. 1 through 4.
G values for each compound, based in part on
the calibrations of Carmichael et al.? are also
listed in these figures. While exact assignments
must await further experiments involving
product isolation followed by mass spectromet-
ric analysis a high level of confidence is warr-
anted in the prcduct peak assignments below
MD,M.

From Tables | and ]| the consistency in the
separate and total gas yields from MM, MD,
M, D; and D, indicate a near independence of
gas yield on the molecular weight of the parent
compound.

The only significant difference lies in the
methane yields and which are to be expected in
view of the higher CH; content of MM and

Table]. G Values for Gas Yields from MD,M

Gas ] . MM MD,M
H, l 0.65 0.57
CH, i 2.22 2.08
C.H, i 0.35 0.36
Total ] 3.22 ‘ 3.01

Tablel[. G Values for Cas Yields from Cyclic
Siloxanes D, and D,

Gas f Siloxane D, ‘ D,
H, 049 | 0.5 (0.89)*
CH, : 1.91 i 1.91 (2.08)
C.H, 3 0.35 a 0.29 (0.29
Total , 2.75 2.75 (3.26)

i

*¥Wolf and Stewart®.
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Fig. 1. Vapour-phase chromatogram of liquid pro-
ducts obtained from the radiolysis of octame-
thyltrisiloxane(MDM). (Column conditions:
90*C for 29 minutes, then programmed at
4°C/min.). (dose=111.65 Mrads).
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Fig. 2. Vapour-phase chromatogram of liquid pro-
ducts obtained from the radiolysis of decame-
thyltetrasiloxane(MD,M). (Column condi-
tions: initial temperature 70°C, temperature
programmed at 4°C/min. from 170°—300°C).
(dose=103. 84Mrads).
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Fig.3. Vapour-phase chromatogram of liquid pro-
ducts obtained from radiolysis of dodecame-
thylpentasiloxane (MD,M). (Column condi-
tions; initial temperature 70°C, programmed
at 4°C/min. to 300°C).(dose=103. 84Mrads)"
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Fig. 4. Vapour-phase chromatogram of liquid pro-
ducts obtained from radiolysis of octamethy-
lcyclotetrasiloxane (D,). (Column conditions:
initial temperature 90°C for 10 minutes; tem-
perature programmed at 4°C/min). (dose=
108. 16 Mrads).

MD,M. Comparison of these yields with the

values reported by Wolf and Stewart? shows

their hydrogen yields to be considerably higher
than those found in the present work. This
may well be due to their higher dose rate.

Miller® has shown that all three gas yields

can be markedly changed by increasing the dose

rate.

The liquid products from MDM, MD,M, and
MD;M, shown in Figs. 1 through 4, are in the
main linear siloxanes with minor amounts of
cyclic siloxanes. At a dose of 104.0 MR one
gets, on the average, 10% decomposition. A
perusal of the chromatograms shows that in all
cases there are peaks which have not been iden-
tified. These are expected to be the products res-
ulting from the formation of such crosslinks as
-Si-CH,-Si-, -Si-CH,~CH,-Si-, -SiCH,CH,;, and
Si-Si. The consistency in the pattern, i.e. linear
products followed by smaller amounts of cyclics,
suggests that the mechanism which is operative
i the case of MM is not extended to the high-
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Fig. 5. Mass Spectrometric Fragmentation Pattern for Octamethytrisiloxane (Reference 4)

«r siloxanes. The variation and amount of the
products tentatively identified display the num-
ber of decay paths available to the particular
molecule. This is exemplified by the mass spec-
trometric studies conducted by Orlov¥
MDM, MD,M and MD,;M. Orlov’s pattern for M-
DM is reproduced here, Fig.5, to illustrate this

an

point. Fragmentation patterns for MD,M and
MD;M, would serve the rationale equally well.

The observations of the present work agree
with the Orlov pattern in that CH, is a major
irradiation fragment. Such a high yield of CH,
would suggest a high yield of the remaining
(or complementary) fragments which, on cou-
pling, would result in a large amount of dimer
products. Examination of the chromatograms
shows this to be the case.

The liquld products from the gamma-radio-

lysis of D,, octamethycyclotetrasiloxane, Fig.4,

I10

illustrates a different trend to that shown by
the linear siloxanes in that the major portions
of the liquid products are apparently cyclic
dimer and the linear siloxane MD,M. These
observations agree with the results of Wolf
the
gamma-radiolysis of D,. Two general types of

and Stewart? from their studies on
higher molecular weight products were identi-
fied, cyclic dimers and linear polydimethylsilo-
xanes, with the latter being formed in the
greater amount. Kantor3® whose product isola-
tions were evidently carried out by classical
distillation techniques observed only the for-
mation of cyclic dimers in his studies on the
radiolysis of D,.

The dimer products isolated by Kantor were
the methylene and ethylene bridged compounds.
These are to be expected on the basis of the

high gas yields observed and are probably the

Polymer (Korea) Vol. 6, No. 2, April 1982
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Fig. 6. Mass Spectrometric Fragmentation Pattern

result of free radicals combining. Further sup-
port for a predominant dimer yield is found in
the mass spectrometric pattern reported by
Orlov. In the case of D, the breakdown was
as shown in Fig.6.

As can be seen, the primary ionization event
involves a CH, ejection with the remaining(CHj),
8i,0,* fragment being the only ion present in .
high vield. Neutralization followed by coupling
could thus well explain the observed high dimer
yields. Some caution in rationalizing mecha-
nisms must be exercised however since to date
no trapping or other such experiments which
would shed further light on a radical path have

been done.
Summary and Conclusions
The products found in the irradiation of the
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for Octamethylcyclotetrasiloxane (Reference 4)

higher siloxanes were similar in nature to those:
observed in the case of hexamethyldisiloxane
and this indicates a common radiolytic pattern.
for the higher linear siloxanes. A number
of compounds not found in previous investi-
identified. The differences.

observed in the gaseous products yields, parti-

gations have been
cularly methane, are discussed in terms of
the different methyl
compounds.

contents of the various.

While free radical chemistry has once again
been assumed to be the primary path by
which the majority of the radiation products:
have been formed, ionic mechanisms are also
recognized as being important and the radiation
chemistry of MDM, MD,M, MD,M and D,. This
latter mechanism has been discussed in terms:

of their fragmentation patterns in mass spect-
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