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It has been established by comparative therma analysis (CTA) of poly 
phenyfene and modef compounds that polyphenylene prepared by oxidizing ca- 
tionic ~lyme~tion contains defective structures in the amount of approx- 
imately 2% of the polymer weight- They determine its low temperature ther- 
mutative degradation- At the same time the main ~~y~h~nylene structure 
exhibits higher thermooxidative stability than the corresponding model com- 
pounds_ 

Pmcesses of ~e~~xidative degradation of thermally stable polymers 
are very complex and, therefore, the results of investigation of similar pro- 
cesses for model compounds should be used- It may be expected that some 
fragment of the poIymer chain exhibits higher thermal stability than the corre- 
sponding tow mokcular weight compound because its entropy value is lower 
In some cases the thermal stability of a low mokcular weight model may be 
considered as a guaranteed minimum of thermal stabiiity expected for the po- 
lymer. However, in practice the poIymer does not exhibit even this minimum 
thermal stability le3 This is mmsi by the presence of defmive structures in _ 

the polymers fTLlnctionaJ end groups, structures produced as a result of incorn~ 
ptete reaction of polymer formation or side reactions_ These defects decrease 
the thermostabiiity of the polymer as compared to a polymer exhibiting a per- 
fect structure and to the corresponding model compounds. This problem may 
he solved only if we take into account defwtive structums in investigations 
of the relationship betwkan thermal stability and the structure of the polymers 
under investigation and use CFA- of compounds modeping a perfkct ceti-of a. 
therrnahy stable polymer and. of sampks of the polymer itself, High vapor 
pressure of model compounds makes it difkuh to carry out CTA of mod&I 
~mpcwnds and Limits the @ossibiIitkj of studying. thermookidative -d&r&a-. 
tion of these compounds with standard thermoana&ticaJ instruments‘ Such -+j . 



a derivatograph, Mac Ben or Statton thermobalances, etc At the same time 
it is wei1 known that thermal charakteristics obtained vary with the slightest 
cba4V=in experimental conditions’_ Consequently, it is necessary to select 
such conditions for CTA which would be maintained both in the anaIysis of 
the poIymers and in that of the a3rrzsponding model compounds_ An ampouie 
method was used in this work (see below), 

Thermal oxidation of samples of the polymer and of model compounds 
in the amounts of 0.010-0.040g was carried out in sealed glass ampoules 
22 mf in VO~NXH~ under oxygen, The initial pressure of 0~ in the ampouie was 

-O_Z!S atm at Z.O*C_ Each ampoule was maintained for I h at a certain tem- 
perature in the range from 270 to 450°C and the amounts of CO and CO2 
evolved as a result of thermooxidative degradation of the sampIe were deter- 
mined chmmatograpbicaHyl_ 

The folkwring compounds were chosen for investigations: polyphenylene 
0 prepared by benzene polymerktion according to K.ovaci~~-~, benzene (II), 
diphenyl0, p-terphenyt (TV’) and p-quaterphenyl 0, We will briefly consid- 

_ * 
erthe- used for evaluating the thermal stability of organic com- 
pounds. Usuahy we mean by thermal stability the hmiting temperature or the 
temperature of the start of degradation, T,, above which the compound begins 
to undergo ehemicz4 changes accompanied by the evolution of volatile pro- 
ducts and, hence, by mass ioss- Evidently, T, depends not only on the nature 
of the substance under investigation but also on some other factors: the con- 
oentxation of the sample (see TabIe I), the sensitivity of the instrument mea- 
suring the amount of vo!atiIe substances, the presence of impurities, the aggre- 
gate state of the sample, its size and shape etc. For the isothermic oxidation 
process the following relationship may be written based on the Arrhenius’ 
equation: 

where E, A,, R are the activation energy, the pre-exponential factor in the 
. 

Axx-kmd equation and the gas constant, mspectively. 
[cl, [Od are the ~ncentrations of the substance investigated and of oxygen, re- 

spedivelty, 
n, m are the reaction orders in substance and in oxygen, respectively, 
2 is the time of thermal oxidation, 
&isthe minimum amount of degradation products determined with the aid 
ofthismeth_ 

This equation may be rewritten for a tempemture charaderimd by the 

fog of a certain pen;entage of mass. TR, e.g., in the range from I to 10%. 
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0 0 0.010 128 382 408 412 3!m-420 20 
fxm 25-6 34s 397 403 

0-m 65 345 403 414 
360-380 1.0 

O-040 131) 335 - - 

omo - 270 426. 456 
4ocwm 0.7 

0_040 - 270 - - 

Evidently, these characteristics depend to a Iesser extent on such factors as 
the presence of impurities and the instrument sensitivity. The equations 
shows that the dependence of Ir, on the chemical structure of the substance 
can be compfetely reveakd only when aII the parameters in this equation (ex- 
cept E, and A.-J anz constant- Constancy of B,, t and 02 can be maintained by 
using appropriate experimental conditions. As to the concentration of the sam- 
pie c and the order of reaction n, the strict fuI~lme~t of the ~u~~rnent of 
their constancy is diflicuIt because the compounds under investigation are pol- 
yfunctional, i-e-, under conditions of their CompIete d-dative oxidation, con- 
centrations of reaction centers for one moIecuIe differ and aIs0 because the 
aggregate states of some models and of the polymer are different, We assume 
that the most satisfactory approach for comparing thermal ‘stabilities of the 
compounds under investigation is the equaIity of their weight concentrations, 
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This means that upou cumplete oxidation of any of these 
zne, diphenyl, terpherlyl etc.) an appruximately equal total 
of co and C02 is evolved_ 

Data in F~L 1 and TabIe 1 show that compounds II-V are stabJe approx- 
imateJy to 330-34O”C and their intense degradation begins at 3!HGMJO*c. Et 

compounds &en- 
amount of moles 

migJzt be expect& that in passing frum diphenyl to p-quaterphenyl the 
thermestabJJity WOuJd increase for two reasons. First, the angle between ben- 
zeneringsdeuwses in passing from the gaseous state (0 = 42 “C) to tile Jiquid 
state (0 = 30-35 *C)‘** and, hence, conditions for diss&ation of the C-C bond 
between rings become fess favorabIe- Secondly, fhe oxidation rate under he- 
temgeneous conditions is lower than under homogeneous conditions. Ne- 
vertJ&ess, this ~EKIIWE is not observed and the fact that curves of compounds 
II-V run czbse to each other in the 340-4OO”C range indicates tiat the con- 
tribution of the dissociation and the aggregate state of the sample to the over- 
all degradatJon pmcess is MativeJy small. It should be noted that the order 
of the 0vemJJ mactJon 02) of oxidation of the substance alternates in accor- 
dance with the odd or even amount of aromatic nucfei contained in the mole- 
cule of model compounds U&Je l)_ Investigations of thermeoxidation of I-IV 
showed that the Jogari&m of the thermooxidation rate constant decreases with 
incmasing temperature_ The exception is benzene for which the activation en- 
ergy of thermuoxidation in the initial part of the cuTve is 45 kcaJ moJ”_ This 
agrees well with the data in refs. 9 and 10, viz, 50-70 kcaJ moJ-’ over the 
400-m”C temperature range_ 

In contrast to modeJ compounds, in thermooxidative degradation of pol- 
yp~~ny~ne three temperature ranges are obsenred (Fig_ 1, curve 5): (1) 
27&36O=C; (2) 360-4W°C and (3) 4OOT and higher temperatures_ 
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In the first range about 2 % of the polymer is oxidized owing to defects 
in structure_ And indeed, we could hardly suppose that the thermooxidation 
curve for benzene rings in pulyphenylene would run at lower temperatures 
than curves for model compounds. Over the second range tbe amount of gase- 
ous products remains at a constant level attained as a result of oxidation of 
defective structures in the fmt range- In the third range the amount of CO 
and CO2 increases sharply; this shows that the main polymer structure is ther- 
mooxidated Thus, it may be assumed that in ~ly~heny~ene one defective 
ring (e.g., a cyclohexadiene or cyclohexene ring) exists for every 50 benzene 
rings. Another peculiarity of thermooxidative degradation of polymer samples 
as compared to model compounds is the lower rate of gas evolution at tem- 
peratures above 400 “C. This is clearly seen in Fig. 1 and in values of T3% and 
T’, shown in TabIe 1, I-&her thermal stability of polyphenyfene as compared 
to model compounds at 400 “C and higher temperatures is related, first, to the 
coplanar anaqement of aromatic nuclei in the polymer chain (0 = 0 “c’-p 
which results in a stronger intra- and intermolecular interaction of chain frag- 
ments and, secondly, to the heterogeneous character of the oxidation reaction. 

Thus, CTA of polyphenytene and reIated model compounds shows that 
posyphenylene contains defective structures amounting to approximately 2% 
of the polymer weight and determining the low temperature of its thermoox- 
idative degradation. At the same time the main polyphenylene structure ex- 
hibits higher thermooxidative stability than the corresponding model com- 
pounds- 
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