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Abstract--Thermal degradation and stabilization of poly(2,6-dimethyl-l,4-phenylene oxide) have been 
examined in air in the range 100-400 °. Plots of weight-average molecular weight vs time are linear, 
confirming random chain scission. The breakdown process has also been studied by DTA and TGA. It 
was concluded that thermal analysis alone was insufficient to characterize the degradation fully so the 
degradation products were determined qualitatively using i.r. and NMR spectroscopy. The heats of 
activation for the systems have been calculated and a stabilization mechanism by bis(l-phenyl-3-~- 
pyridyl triazeno)Cu(ll) chelate has been postulated. 

I N T R O D U C T I O N  

The extensive use of plastics for insulat ion and  build- 
ing materials  has created interest in protect ion against 
induced and  terrestrial  envi ronmenta l  conditions.  The 
good thermal  stability of poly(phenylene oxide) indi- 
cates tha t  it may be useful in practice. Polymers con- 
taining a romat ic  rings have high thermal  stability due 
to the complete conjugat ion of the chain and  the 
delocalization of the n-electrons. The weight loss 
method  has been used to study the thermal  degrada-  
t ion of some halogenated types of poly(phenylene 
oxide). The degradat ion  depends on many factors and  
the heat ing rate is important .  

The thermal  degradat ion  of poly(2,6-dimethyl-l,4- 
phenylene oxide) [ P D P O ]  has  been reported in 
vacuum [1] and  in ni trogen [2]. Conley et al. [3] 
have studied the degradat ion  above 150 ° in the pres- 
ence of oxygen. Recently photos tabi l iza t ion of poly- 
meric materials  by metal  chelates I-4-7] has been 
reported but  little a t ten t ion  has been paid so far to 
the thermal  stabilization. In the present investigation, 
the effect of bis(1-phenyl-3-~-pyridyl tr iazeno)Cu(ll)  
chelate on the thermal  degradat ion of P D P O  has 
been studied and  the mechanism of stabil ization has  
been discussed, i.r. and  N M R  spectra have been util- 
ized for quali tat ive determinat ion of the degradat ion 
products.  

EXPERIMENTAL 

(i) Materials 

Poly(2,6-dimethyl-l,4-phenylene oxide) [PDPO] was 
synthesized as described previously [8]. The polymer was 
purified by precipitation from benzene solution in metha- 
nol and dried at 6ff under vacuum. For the synthesis of 
bis(1-phenyl-3-~t-pyridyl triazeno)Cu(II) [BPTC], 0.372g 
(0.002 M) 1-phenyl-3-~t-pyridyl triazene I-9] ligand was dis- 
solved in 30 ml ethanol and 0.174 g (0.001 M) cupric chlor- 
ide dihydrate was dissolved in 10ml ethanol separately. 
Both systems were heated slowly to ensure solution, then 
mixed and digested on a water bath for 12 min. A yellowish 
brown complex separated out; it was filtered off, washed 
with hot ethanol and dried in an oven at 12ft. The chelate 

is soluble in benzene and pyridine. It is highly stable and 
does not decompose up to 420 ° . Analytical data: 

Calculated for C2oNsHlsCu, 

N = 12.92~,,, Cu = 14.66~0 and H = 4.12"/,, 

found 

N = 12.92~,,, Cu = 14.75~0 and H = 4.21°/,,. 

(ii) Experimental procedure 
Polymer films 1-10] on quartz plates were suspended in a 

forced-air oven at 100, 200, 250, 300, 350 or 400 °. The films 
were degraded for various periods at all the temperatures 
within +_ 1 ~. The molecular weights of the degraded films 
were determined by light scattering [10]. 

i.r. and NMR spectra of the treated films of PDPO at 
250'- were recorded with a Perkin-Elmer (Model-21) i.r. 
spectrophotometer and WH-90FT NMR spectrometer, re- 
spectively, i.r. Spectra were recorded in the absence and 
presence of 0.1 wt~o BPTC. 

(iii) Carbonyl yroup 
The carbonyl groups were determined [I 1] by the inten- 

sity of the carbonyl peak in the i.r. spectra. 

(iv) Hydroperoxide determination 
To determine the hydroperoxide concentration in the 

PDPO films, a modified iodometric [12] method was used. 

(v) Differential thermal analysis (DTA), thermogravimetric 
analysis (TGA) and differential thermooravimetry (DTG) 

These were undertaken in the absence and presence of 
0.1 and 0.5 wt% of BPTC with a NETZSCH Thermal Ana- 
lyser. Samples of 25 mg were employed with a heating rate 
of 10~/min. 

R E S U L T S  A N D  D I S C U S S I O N  

Plots of weight-average molecular  weight (Mw) as a 
function of time of degradat ion for P D P O  in the 
absence and presence of 0.1 wt~o BPTC at various 
temperatures  in air are shown in Fig. 1. The plots 
reveal an initial rapid decrease in Mw which then 
slows down but  the molecular  weight of P D P O  is 
lower in the absence of BPTC than in its presence at 
each temperature.  This indicates that  BPTC retards 
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Fig, 1. Variations of weight-average molecular weight of thermally degraded PDPO films in the absence 
and presence of 0.1 wt°o BPTC at various temperatures in air. 

the thermal degradation of the polymer. The rapid 
initial drop in M,, is due to random bond scission at 
various weak links [13, 14] distributed along the 
polymer chain. The sharp decrease in M~ tends to 
increase on longer periods. This behaviour may be 
due to detachment of substituents from the aromatic 
nuclei followed by cross-linking. The figure also 
shows that 0.5 wt% of BPTC brings a saturation limit 
to thermal stabilization. The excess of metal ions may 
induce radical formation by redox reactions and con- 
sequent start of degradation. 

Figure 2 shows the variations of dissymmetry ratio 
Zd (ratio of scattered intensity at 45: to that at 135 °) 
as a function of time for PDPO degraded in the 
absence and presence of 0.1, 0.5 and 0.75wt% of 
BPTC in air for programmed periods at 250 c. Zd de- 

creases monotonously with time but the values of Zd 
of the degraded films are greater in the presence of 
0.1 wt% BPTC than in its absence. This indicates that 
BPTC retards the thermal degradation of PDPO. The 
figure also shows that 0.5 wt% of the stabilizer leads 
to a saturation limit in the thermal stabilization of 
PDPO. 

The activation energies of a chain scission process 
in PDPO in the absence and presence of 0.1 wt% 
BPTC were estimated from Arrhenius plots as 12.8 
and 15.1 kcal/mol respectively. The rate equations for 
the early part of the breakdown may therefore be 
represented as: 

k = 6.78 x 10 -2 e x p [ -  12800/RT] sec- z [PDPO] 

(1) 
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Fig. 2. Variations in dissymmetry ratio of thermally degraded PDPO films with time in the absence and 
presence of BPTC at 250 ° in air. 

and 

k = 9,17 10 -2 e x p [ -  15100]RT] sec-1. 

[PDPO + 0.1 wt% BPTC (2) 

The values of k are nearly constant with time indicat- 
ing the reactions to be zero order, Simha and Wall 
[15] have pointed out that the first,order law is inap- 
plicable for an ordinary random chain scission pro- 
cess. Chandra and Bhatnagar [16] have confirmed 
that this type of degradation is zero order with re- 
spect to polymer and oxygen concentrations. 

The i.r. spectra of the degraded PDPO, recorded 
after various periods at 250 ° , are shown in Fig. 3. The 
broad absorption band at 3465 cm- 1 which develops 
upon degradation of PDPO is due to the OH group. 
There is gradual intensification of hydroxyl, aldehyde 
and carbonyl bands and they continue to grow with 
the time of degradation. The carbonyl bands are 
found at 1726 and 1692 cm- 1 after heating in air. The 
1692 cm-1 peak was assigned to carboxylic acid and 
1726 cm-~ to the ester carbonyl. These peaks are the 
oxidation products of the methyl group which gives 
alcohol (3360 cm-1), aldehyde and carboxylic acid, 
which in turn, can decarboxylate under drastic con- 
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Fig. 3. Variations in i.r. spectra of thermally degraded PDPO films in the absence and presence of 
0,1 wt~.., BPTC at 250: in air. 
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ditions. The sequence of events is outlined thus: 
O O 

II II 
- - C H  3 ~ - - - C H 2 O O H  ---,---CH2OH --~--CH --, ---C---OH. (3) 

Early in the oxidation, a peak at 1663 cm- 1 could be 
seen. A strong aryl-oxygen stretching vibration at 
1235 cm -~ and the C-H stretching vibration of an 
aldehyde [17] at 2735cm -z are also clear. These 
spectral changes were accompanied by formation of 
large amounts of gel, indicating cross-linking. Under 
similar conditions of degradation, the contents of the 
hydroperoxide, carbonyl and aldehyde groups of base 
PDPO exceed those of PDPO containing 0.1 wt~o 
BPTC. This is an indication that the stabilizer decom- 
poses unstable reaction intermediates to relatively 
stable products, such as alcohols, and retards thermal 
degradation. The NMR of the degraded film at 250 ° 
indicated the presence of two - - C H  3 groups at 6 2.12 
and 6 2.23 ppm, one at 6.21 ppm due to aryl hydro- 
gen, possibly an aldehydic unit at 10.18ppm and a 
broad peak at 6 10.38 ppm due to the hydrogen atom 
of the carboxylic group i-18]. Mass spectrometric 
analysis and gas chromatographic data also qualitat- 
ively confirm these results 1-19-1. 

The thermal degradation rate of the polymer was 
measured by means of the carbonyl contents at 
1726cm-~ using an i.r. spectrophotometer. Figure 4 
shows the changes in the carbonyl concentration with 
time at 250 ° in the absence and presence of 0.1 Wt~o 
BPTC. The area of the absorption band is a direct 
measure of the concentration of carbonyl species. The 
contents of carbonyl group of the polymer are lower 
in the presence of BPTC than in base PDPO. This 
indicates that BPTC retards thermal degradation. 

The thermal degradation was also studied by the 
determination of hydroperoxide groups. The hydro- 
peroxide concentration in the degraded polymer was 
measured iodometrically and plotted as a function of 
time at 25ff' in the absence and presence of 0.1 wt°0 
BPTC (Fig. 5). These plots indicate that BPTC de- 

stroys hydroperoxides formed during the thermal oxi- 
dation of PDPO to stable products such as alcohol 
and carbonyl compounds and that it acts as a thermal 
stabilizer. 

From i.r. data it is possible to derive the kinetics of 
the degradation by measuring the rate of growth of 
carbonyl and hydroperoxide as a function of time but 
the mechanism of thermal degradation can be postu- 
lated fully by the study of DTA and TGA. Figure 6 
illustrates the record of DTA. Programmed heating 
was used from 0 to 665 ° at a heating rate of 10°/min 
in air. Twenty-five mg samples of PDPO in the 
absence and presence of 0.1 wt~o and 0.5 wt~ BPTC 
were used. Full scale sensitivity, AT is 0.2 mV upto 
665 °. In DTA, heat absorbed (endothermic) or liber- 
ated (exothermic) as AT is plotted vs temperature of 
the sample. Analysis of DTA curves shows that ther- 
mal decomposition of PDPO is a rapid exothermic 
process at 366.5, 400.0 and 424.5 ° in the absence and 
presence of 0.1 and 0.5 Wt~o of BPTC respectively. 

Because of the limited information derived from 
DTA curves, this technique was not as useful as TGA 
where a recording of weight loss with increasing tem- 
perature is obtained. TGA is basically a means for 
studying behaviour, and not an absolute identification 
tool. Figure 7 shows the TGA record for PDPO 
heated at 10°/min in air. A small weight loss is ob- 
served at 135: to 204 ~ due to the glass transition state 
(Tq = 204°). Rapid weight loss is observed at the start 
of the corresponding exothermic peak at 366.5 ° and 
continued to 665 °, where the PDPO sample is com- 
pletely combusted. In the presence of 0.1 and 0.5 Wt~o 
BPTC, a small weight loss starts from 154.5, 182.5 ~ 
and rapid weight loss from 404 and 424.5 ~ respect- 
ively. Derivative thermogravimetry (DTG) shows im- 
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Fig. 4. Variations in carbonyl contents of thermally degraded PDPO films in the absence and presence 
of 0.1 wte,; BPTC in air. 
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proved resolution of thermal events and precise com- 
parison of thermal stability (Fig. 7a, b and c). 

Mechanism of  thermal degradation and stabilization of  
PDPO 

The thermal oxidative degradation of P D P O  is a 
random chain scission process consisting of initiation, 
propagation, termination and disproportionation 
reactions [20]. Since the polymer is prepared by oxi- 
dative coupling, it seems reasonable that the original 
P D P O  might initially contain finite concentrations of 
hydroperoxides. Both the newly formed and originally 
present hydroperoxides initiate the oxidative chain 
process. The subsequent free radical reactions lead to 
the formation of various functional groups which can 
continue the chain or terminate by cross-linking or by 
disproportionation to inert products. Phenoxy radi- 
cals [-21] are also formed in the degraded P D P O  films 
confirming that chain cleavage occurs. Thermal 
energy is quite sufficient to decompose the oxygerr--- 
oxygen bond in polymer--hydroperoxide and the 
point of initial attack is the methyl group. BPTC is 
represented by the following resonating structures: 
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