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Thermogravimetric analysis of aromatic poly(methacrylates) containing heteroeyclie side 
chains were carried out. The effect of the substituent introduced into the side chain on the 
thermal stability of the polymer was investigated. The kinetic parameters of thermal 
degradation process were analysed. Different thermogravimetrie profiles were obtained 
depending on the structure of the side chain of the polymer. 

The effect of the side chain structure on several properties of synthetic 
macromoleeules has been extensively described for a number of systems [1- 
5]. The incorporation of heteroatoms in the side chain has not been 
thoroughly investigated yet for aromatic poly (methaerylates). Recently we 
have repor ted the solution properties, chain rigidity [6,7] and calorimetric 
behaviour [8] of Poly (2-Thienylmethyl methaerylate) (PTiM) and Poly(2- 
Selenolylmethyl methaerylate) (PSeM). The nature and structure of the side 
chain seems to play an important role over the flexibility of these macro- 
molecules what should be reflected on thermal properties of the polymer, 
such as glass transition temperature (Tg) or thermal stability. In a previous 
paper we also repor ted the thermal degradation of aromatic poly(methacry- 
lates) containing alkyl substituents in the aromatic ring [9], and we did not 
find a clear correlation between the bulkiness and steric hindrance of the 
side chain and the thermal decomposition of the polymer. 

The aim of this work is to study the thermal decomposition of several 
poly(methacrylates) in order to determine the kinetic parameters of the 
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decomposition and to correlate these parameters with the chemical struc- 
ture of the polymers. For this purpose we have analysed a new family of 
chalcogenides containing poly (methacrylates) which have a flexible spacer 
group -CH2- in the side chain i.e. poly(benzyl m~thacrylate) (PBzM), Poly 
(2-Thicnylmcthyl methacrylate) (PTiM), Poly(2-Sclenolylmethyl mcthacry- 
late) (PSeM), poly(furfurylmethyl methaerylate) (PFM), and 
poly(tetrahydrofurfuryl methacrylate) (PHPM). 

Experimental 

Polymer samples were characterized using methods reported previously 
[6-8,10]. Number average molecular weight (Mn), was determined by 
membrane osmometry. Weight average molecular weight (Mw) and 
molecular weight distribution (MWD) were determined by size exclusion 
chromatography (SEC). 

Dynamic thermogravimetric analyses were determined using a Perkin- 
Elmer TGS-1 thermobalance with a Perkin-Elmer UU-1 temperature pro- 
gram control. Samples (5-7 rag) were placed in the platinum sample holder 
and the thermal degradation measurements were carried out between 323 
and 873 K at 20 ~ rain "1 under N2. 

Results and discussion 

Figure 1 shows the thermogravimetric curves for fractions of narrow 
molecular weight distribution (MWD) and similar molecular weights (Mw 
-105 ) for the five polymers studied, determined in same conditions. These 
curves represent the dependence of the loss of weight on temperature be- 
tween 323 and 873 K. According to these profiles, PBzM and PHFM show a 
qualitative similar behavior in the sense that in both polymers the loss 
weight apparently follow a single one-stage decomposition process. How- 
ever, in the case of PTiM, PSeM and PFM the degradation process seems to 
be more complex. In fact, in these three systems the profile of the ther- 
mograms suggest a three-stage weight loss on heating. Moreover, the 
degradation process in PFM begin earlier than in PTiM and PSeM. It is in- 
teresting to remark that these polymers are the three aromatic of the series 
containing heteroatoms in the side chain. Therefore, this behaviour could be 
due to the differences in the side chain structure relative to PBzM and 
PHFM, where the former, being aromatic do not have heteroatom and the 
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second although contain oxygen as heteroatom is aliphatic what should be a 
signifieative difference and therefore the thermal behaviour can be dif- 
ferent. 
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Fig. I Thermogravimetr ic  curves of  PBzM ( + ) ,  PTiM (a), PSeM (o), PFM (e) and PHFM 
(x) 

Table 1 Initial decomposit ion temperature  T D  I, temperature  where 50% of residual weight is 
observed T D  s~176 molar  volume of  the  side group V, activation energy Ea, the reaction order  
n, and the frequency factor for  the  degradation of PBzM, PTiM, PSeM, PFM and PHFM 

Po lymer  T D  i T D  50% V Ea Z n 

K K cm 3 Kcal /mol  S "1 

P B z H  583 623 88.8 22.2 c 1.8x104e 0 

PSeM 604 645 85.2 38.0 c 3.6x109c 0 

3.1 a 3.4x10 3d 0 

2.4 e 1.5x10 "3e 0 

PT iM 628 683 78.9 21.0 e 1.Sx103e 0 
3.3 d 3.2x10 "3d 0 

11.0 e 0.6 e 0 

P F M  511 a 751 72.6 8.0 e 2.1x10 "lc 0 

687 b 5.0 d 8.0x10 "3d 0 

15.0 e 5 e 0 

P H F M  531 586 13.1 e 2.6x102r 0 

a: t e m p e r a t u r e  r a n g e  423-613K; b: t e m p e r a t u r e  r ange  653-783K; c: f irst  s tep;  d: s econd  

s tep;  e: th i rd  s t ep  
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Table 1 summarizes the values for the initial decomposition temperature 
(TD i) and the temperature at which 50% weight residual was observed 
(TDS~ In this Table the values of the molar volume (V) of the side groups 
of the polymer are also listed. According to these results, the stability of the 
polymers decreases in the following order: PFM > > PTiM > > PSeM > > 
PBzM > >PHFM,  and all the polymers can be considered as thermally 
stable. As it can be seen the thermal stability of the polymers decreases as 
the molar volume of the side chain increases, at least in the group of 
aromatic polymers, what agree with the results found for other polymers 
such as poly(alkyl methacrylates) [11], poly (alkyl acrylates) [12] and 
poly(N(n-alkyl)maleimides) [13]. Therefore, in this family of polymers there 
is a correlation between the temperatures of the decomposition and the 
polymer structure. 

In order to obtain the kinetic parameters of the decomposition of the 
polymers studied we have considered that this reaction is irreversible, there- 
fore the reaction rate da/dt, can be expressed as function of the degree of 
conversion a, according to: 

d a  / d t =  k f (  a ) (1) 

where k is the specific rate constant and f ( a )  is a function of the degree of 
conversion for a single reaction of the type: A --, P and f ( a )  can be expresed 
in the fo rmf(a )  = ( l -a)  n where n is the order of the reaction. Therefore by 
replacingf(a)  in equation 1 we obtain: 

- d  a / dt = k ( 1 - a  ) n (2) 

where a is the fraction of the sample weight reacted at time t, and it can be 
obtained directly from the thermogram. The reaction rates da/dt  were calcu- 
lated using a differential technique and directly incorporating the heating 
rate (20 ~ rain "1) into the data of temperature vs. sample weight fraction [14]. 
The specific rate constants were obtained from the Arrhenius relation: 

k = Z e -  (Ea/RT) (3) 

where Z is the frequency factor, Ea the energy of activation, T is the ab- 
solute temperature and R the gas constant. 

By combining eqn. (2) and (3) and using the logarithm form we obtain: 
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fl = l n [ ( - d a / d t ) / ( 1 -  a)"] = L n Z - E a / R T  (4) 

In order to determine the kinetic parameters for thermal decomposition 
we have used a linear multiple regression program which allow to calculate 
Ea and Z from a linear least-square fit of the data in a semilogarithmic plot 
of fl vs. 1/T. Following this procedure  we find a zero order kinetic model for 
all the polymers studied. 

Figures 2, 3 and 4 show the plots offl  vs. 1/T for PBzM and PHFM, PTiM 
and PSeM, and PFM respectively. As it can be seen good straight lines are 
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Fig. 2 Plots of  f l  as function of  1/T for PBzM and PHFM 
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Fig. 3 Plots of 15 as function of 1/T for PSeM, PTiM and PMF a: first stage, b: second stage, 
c: third stage 

obtained in all cases for a zero order kinetic model. Table 2 summarizes the 
kinetic parameters obtained from these plots. 

The activation energies obtained from the first stage of the degradation 
for all polymers studied show that Ea increases as the molar volumen of the 
side group increases, except for PBzM. This particular behaviour could be 
explained by taking into account that PBzM is a very flexible polymer ac- 
cording to the results of 6 (the rigidity factor) obtained from solution, there- 
fore we could expect that not only the molar volume of the side chain affect 
the kinetic parameters but also the structure of the polymer. Similar results 
have been reported for other systems but not in terms of 6 but in terms of 
steric repulsions [11-17] what are similar. The final value of Ea would be af- 
fected at least by two different factors which would excert opposite effects. 
By one hand the increases of the volume of the lateral group (V) which 
would enlarge the value of the activation energy for decomposition and on 
the other hand the rigidity of the chain (6), which would contribute to  
diminish the activation energy for the thermal degradation of the polymer. 

The values of the frequency factor Z, are low but are in good agreement 
with those found generally for a zero order kinetics [8,18]. There is not a 
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clear correlation between Z and Ea, what have been also reported for other 
poly(methaerylates) [9]. 

The values of the activation energy and the frequency factor for the 
second and third step for PTiM, PSeM and PFM are also summarized in 
Table ]_. As it can be seen Ea and Z for the second step are lower than for 
the first, increasing for the third step. 

Finally we can conclude that in all cases the thermal decomposition of 
chalcogenides containing polymers follow a zero order kinetic model and 
that there is a correlation between the structure of the side chain and the 
degradation temperature. 

We express our  thanks to Direcci6n de Investigaci6n (DIUC), Pontificia Universidad 
Cat61ica de Chile and Fondo Naeional de Ciencias (FONDECYT) for partial financial 
support. 
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Zusammenfassung  . Es wurden TG-Untersuchungen an aromatischen 
Polymethacrylaten mit heterocyclischen Seitenketten durchgefiirt. Dabei wurde der Einflufi 
des Substituenten der Seitenkette auf die termische Stabilit~it der Polymere untersueht. Die 
kinetischen Parameter  des thermischen Zersetzungsprozesses wurden untersucht. In 
Abh~ingigkeit yon der Struktur der Seitenkette des Polymeres konnten verschiedene 
TG-Profi le  erhalten werden. 
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