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summary 

The pyrolysis products from two cycle-linear methylsiloxane polymers have 
been analysed, and formation of the important products interpreted in terms of 
a simple decomposition mechanism. This mechanism is very similar to that of 
the polydimethylsiloxane degradation; thus cyclic oligomers are formed from 
the linear segments, and polycyclic compounds from the cyclic segments of the 
cyclolinear methylsiloxane polymers. 

Introduction 

T’nermal decompositions of branched chain methylsiloxane polymers nave 
been studied previously [1,2]. Methylsiloxane cycles and polycycles have been 
found as volatile products of the methylsiloxane resin pyrolysis [l-5]. The 
results indicate that the decomposition of the methylsiloxane resins under 
pyrolysis is similar to that observed with methylsiloxane chain polymers [6]. 
A relation between the polymer structure and.the thermal degradation prod- 
ucts can be interpreted in terms of this decomposition mechanism, but a resin 
of irregular stucture does not provide a proper system for studying this rela- 
tion_ 

We describe below our examination of the thermal decomposition products 
of two methylsiloxane polymers of strictly regular and known structure, car- 
ried out in order to clarify the relations mentioned. The polymers investigated 
include di- and tri-functional structural units (i.e. (CH&SiO,, 2 denoted by 
-D- and CH,SiO,, 2 denoted by -T:) and involve cycle-linear chain &ructures, 
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/D\ 
(T2D& : +T\D/T-D-D-D-D -f, 

and 

(TzDg)n : +T<D/ - - - - ’ ‘T D D D D-D-D-D-)-, 

These structures are ensured by the method of synthesis used (see Experimen- 
tal). 

Results 

The thermal decomposition of the investigated cycle-linear methylsiloxane 
polymers at 350” C leads to cyclic methylsiloxane oligomers. The polymer 
(T2D,& decomposes mainly to D3, and polymer (T2D9)n to D3, D4, DS etc., like 
poly(dimethylsiloxane) does, but degree of the conversion is very low at this 
temperature. At higher temperatures several polycyclic compounds are also 
produced from both polymers. The relative amounts of products from pyro- 
lysis at 550°C as given by GLC, are shown in Fig. 1. The gas chromato- 

graphic peak areas are related to the peak area of the most abundant product. 
Between 450-6OO”C the product distribution does not change significantly 
with the pyrolysis time nor with the pyrolysis temperature_ We have identified 
ten of the fifteen main products by comparison of the gas chromatographic 
retention times with those of pure standard substances on three different GC 
stationary phases. The polycyclic siloxane standards were obtained from 
methylsiloxane resin by pyrolysis followed by preparative gas chromatography. 
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TABLE 1 

HOMOLOGOUS SERIES OF PYROLYSIS PRODUCTS OF CYCLO-LINEAR METHYLSILOXANE 
POLYMERS 

Composition Series I Series II series III 
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The pyrolysis products are either cyclic or bicyclic methylsiloxanes ranging 
from 3 to 9 siloxane units. In the pyrolysate of polymer (T,D$), there is a 
larger amount of cyclic products than in that of (T2Da),. The relative amounts 
of the cyclic products D3, D4 and D5 in the pyrogram of (T,D,), are similar to 
tlnat found in the pyrogram of poly(dimethylsiloxane), but a smaller amount of 
D, and D5 was found from (T2D&_ 

All the important pyrolysis products belong to a homologous series of 
siioxane units (see Fig. 2 and 3). Three such series have been found for the bicy- 
cles 2.hown in Table 1. None of the products include more than two T units. 

Quantitative evaluation of the total amounts of T and D units found in the 
pyrolys@e gives a T/D ratio corresponding with that in the original polymer. 
For the conversion of peak area values into weights we used published [7] 
response factors for the Flame Ionization Detector. 

Discussion 

The structures of the volatile degradation products show that all of these 
molecules were split off from the cycle-linear polymer by. the mechanism first 
suggested by Thomas [S] for poly(dimethylsiloxane). In this mechanism, degra- 

dation starts with the formation of an intermediate four centered complex, 
then the two siloxane bonds involved rearrange. The resulting voltitile product 
is an oligomer cycle in the c&e of the poly(dimethylsiloxane) chain. Similarly 
D3, D4, DS cyclic oligomers are split off from the linear part of the investigated 
cycle-linear methylsiloxanes. 

When saoxane bond rearrangement takes place between two linear segments 
bonded to the same cycle of the polymer, a bicycle of the Series I can split off 
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as follows: 
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Bicycles of Series II may form similarly, but the macromolecular segment in 
which the siloxane bond rearrangement is taking place has to include a three 
membered siloxane cycle ( ----T,-,T-m--l- This modified molecular segment 

D 
may result from such an inter- or intramolecular rearrangement, as follows: 

. . .- 
D, i 

- + P (21 
D 

‘D 

4 

Consequently Series II products are assumed to be the products of three conse- 
cutive rearrangement steps. 

Distinct bicycles were also found among the pyrdlysis products. Their forma- 
tion can be described in terms of bond rearrangement between the linear part 
and the adjacent cycle of the polymer, as follows: 

-D 
‘. 
y D-m. d”p _ 

, ;;,‘T,D D+,D- 

D-L&/ 

,,- . . . _. . - + I ,,- . . . 
(3 1 

In reaction 3 the two cleavages have to occur simultaneously. The absence of 
products with more than two T units indicates, that no secondary reactions of 
the primary products takes place. 

Under the pyrolysis conditions we used the stoichiometric composition of 
the total pyrolyzate is similar to that of the polymer. In addition, no change in 
functionality of siloxane units takes place, confirming our earlier result 121. 
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Identification of pyrolysis products was based on the identities of the reten- 
tion times for the unknown and pure authentic materials on the three columns 
coated with different stationary phases. 
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