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ABSTRACT

The thermal etablility of new polymers from the alass~ef poly-
phenanthrenequinone asines, polyanthraquinone asines, polyphenan-
threnequinone asometines and polyanthraquinone asomethines wae
studied by means differential thermal analyeis as well as thermo-
gravimetry. It was eatablished that polyasomethines show good
thermal stability up 200°0. and are more stable than polyasine.
The kinetical parameters for the thermodestruction reaction were
determined by the Coats ~ Redfern method,

INTRODUCTION

Much attephtion is now being given to the conjugated polymers, espe-
oially because of their good thermal stability. Por instance poly-
ners containing nitrogen in the main chain and aromagic structsures
show particular stability /1-4/.

In the present paper a study is made of the behaviour under hea-
ting of some polycondensation, polyasine and polyasomethine whose
syntheges and properties have previocusly been revorted /5,6/.

BXPERINHNTAL

The pelyphenanthrenequinone-asines (PPhQA) (la), polyanthra-
quinone-asines(PAthQA) (1b), polyphenanthrenequinone-asomethines
(PPhQAsm) (2a), and polyanthraquinone-asomethines(PAthQAsm) (2b)
were prepared by the polycondensasion of 9,10-phenanthrenequinone
(PhQ), or 9,10-anthraquinone (AthQ) amd l-chloreanthraquinone
(1-01A%hQ), 2-chlorcanthraquinone (2-01AthQ), with hydrasime hy-
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drate, disulphinylhydraszine in various conditions /5/ or with
m-phenylenediamine (mPhD), p-phenylenediamine (p-PhDP), benzidine
(Bz) in solvent DMP catalyst chlz. quinenme/diamine mole ratie
1/1 or 1/2, respectively /6/.
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where: X,, X, = H, H Ar--@;—@*;
I, X, = 01, H
X, X, = B,CL

The thermsl curves were recorded on a Paulik - Paulik- Rrdey
(MOM, Budapest) apparatus. The runs were made with samples of
45 - 50 mg, heated in air at a rate of 10°/min, within the tom-
perature range 20 - 900°0. The activation energies and the reac-
tion orders for the destruction processes were calculated by the
Coats - Redfern method /7/ with a Pelix CE-32 computer. The ther-
mal bebaviour was characterised by taking into aocount the degra-
dation temperature (Td) referred $0 as the temperature where wei-
ght loss begins, the temperature ranges of the destruction stages
a8 well as the weight loss percentage for every stege. The ther-
mal effects were estimated queslitatively from the DTA curves
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RESULTS AND DISCUSSION

The thermal stabilities of PPhQA, PAthQA, PPhQAzm and PAthQAzm
were studied in comparison with those of the dicarbonylic and di-
aminic components employed in their synthesis.

In the case of dicarbonylic compounds (Table 1), the AthQ de-~
compositien ocours in only one stage whils, for ite derivatives
and for PhQ, two eteps are te be meted. The temperature at which
thermodéstruotion begine is  180°C and 190°0 for AthQ and
1-C1AthQ, 2-ClAthQ, respectively, while, for PhO this temperature
is enly  170°C.

TABLE 1

Parameters of the thermal decomposition of dicarbenylic and
diaminic cempounde

Starting M.p. Thermogravimetric data
goisponext =
?d™ Degrada- Tempera- Weight PEa Reac-
tion ture losses tion
steps range order
(°c) (®¢) (°c) (%) (Keal/
mel)
AthQ 285 180 1 180 - 490 100 13.9 0.0
1-ClAthQ 162 190 I 190 - 350 9% 14.0 0.0
II 350 - 600 10 - -
2-C1AthQ 210 190 I 190 - 380 9% 13.1 0.0
II 380 ~ 570 4 - -
PhQ 206 170 I 170 - 490 95 13,7 0.0
had 490 - 630 5 - -
p~0535(lﬂz)2 130 120 I 120 - 240 45 22.9 1.7
‘ 11 345 - 615 50 24.1 2.5
--O‘Hs(!ﬂz)a 65 120 I 120 - 280 74 13.6 0.0
11 400 ~ 600 28 %8.2 2.
Bensidine 105 180 I 180 - 320 26 18.4 -
I1 365 - 675 T8 22.0 -

% -~ The maximum temperature at which the samples do not shew
welight losaen

411 diearbonylic compounds are characteriszed by the same values
of the activation energy and eof the reacotion order - in the firss
stage of thermal decomposition.

Per diaminic compenents two destructien stages are neticed., Du-
ring the first stage the reactioms teke place in the liquid phase

bestween 120 - 280°0, leading probably %o ssable structures Tresis-
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tant up to temperature higher than 350°c.

In the case of benzidine, a much higher thermal stability is to
be observed, the starting temperature of the destruction process
being - as compared with phenylenediamines - mueh higher, alongwith
a much lower ratio of weight losses in the first stage. This stabi-
lity may be correlated with the extended conjugated system, due to
the two aromatic nuclei of bensidine. The characteristice of ther-
mal decompesition of polyagines obtained from AthQ and its deri-
vatives are listed in Table 2.

TABLE 2
Parameters of thermal decomposition of PAthQ and PPhQA

Quinone Hydrazine Thermogravimetrioc.data
derivative
:g%é:::}° 7d Degra- Temperatu- Weight Activa- Reac-
catalyst dation re range losses $ion tien
y o.. Bteps o energy order
) ("0) (%) (Kcal/
mol)
AthQ »-FH,.H,0 180 1 180 - 330 18.3 33.3 2.9
g '52 2 II 330 - 440 12.6 36.8 2.5
DEF/ZnGl IXI 440 - 830 69.0 43.8 2.5
1-G1AthQ A0 185 I 185-4% 35.7 9.7 0.0
Dﬂr/znél IT 490 - 880 64.3 43.0 1.8
2-01AthQ Hir 20 200 I 200 - 440 15.7 11.9 2.9
/Zn61 IT 4440 - 820 178.3 29.6 2.5
AthQ OebonBe8=0 80 1 80 - 170 7.1 - <
1/1 II 210 - 500 38.2 9.7 0.0
Pyridine III 520 - 870 61.7 35.6 2.5
AthQ OaSaN-N=S=0 80 I 80 -~ 180 27.3 27.6 1.9
1/2 II 240 - 370 8.0 17.1 1.5
Pyridine III 370 - 490 8.0 50.0 2.0
Iv 490 - 840 55.2 36.6 2.5
PhQ OnS=N-N=8=0 70 I 70 - 180 12.5 - -
1/2 I1 180 - 375 29.0 34.3 1.9
Pyridine IIT 430 - 780 55.8 137.3 2.5
1/1 II 550 - 885 57.1 42.3 2.5
DMP/ZnCl
PhQ H¥-WH,.8,0 290 1 290 - 540 517 - -
1/1 IT 540 - 880 48.3 32.5 2.5
Xylene

The thermal stabilities of PAthQA are influenced by the reaction
conditions ( solvent, mole ratio ) or by the diaminic component
(Table 2).

Polyasines obtained with disulphinylhydrasine have a sensibly
lower Td and weight losses of 7 - 27 § in a first atage of decon-
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position - which is characterised by activation energies having
clese values smnd the same reaction order - going on them in sta-
ges comparable - as temperature range and weight losses - with
these of the polyazines obtaimed with hydrazine hydrate (Table 2).
One can thus conclude that, in this first step, the terminal greu-
ps will be released as 802 and 12. In such cases, the polyconden-
sation degrees are not high, therefere, whioch has beemn actually
demonstrated experimemtally, through measurements of intrinsic
viscosity /5/. The relatiyvely large variablee of the weight lo-
gses in the first stage in the case of polyazines odbtained with
disulphinyl hydrazine may be explained both through the diffe-
rences of molscular welght ~ depending on the syntheses conditions
- and the reaction agent employed, and also through the variation
of the molar ratios of the twe reactamts ( quinone and disulphinyl-
hydrazine (Pigure 1). The conclusion to be drawn is that polyazi-
nes ¢btained with quinones and disulphylhydrazine evidence a low
thermal stability.

The stabllity of polyazines obtalned with hydrazine hydrate
from AthQ, 1-ClAthQ and 2-ClAthQ is slightly lower, as compared
with those of PhQ (Table 2).

On comparing pelyazines based on AthQ and ite derivatives
(Pigure 2) one could observe that the introductien of the elec-
tron - withdrawing substituents induces a certain improvement ef
the  thermal stability, which is to be obmerved from the Td values,
i. e. 180, 185 and 200°¢ respectively as well as from the shifting
of the decomposition stages towards higher temperatures (Table 2).

In the case of polyaszines based em PhQ (Figure 3) high thermal
stabilities are to be recorded. The starting temperatures of ther-
mal destruction Td 290°C and 320°C - depending en the conditions
in which the condensatiom reactiem occcurs ( solvent, catalyst )
indicate much higher values as against those of PAthQA.

In the case of PhQ having carbonylic groups inc , it is te be
aspumed that - en the condensation with hydrasime the formatien
ef gome "ansa"™ type cyoles eccurs, which are formed of 8-terms,
having four nitregen atems anda cenjugated system extended with
aromatic rings. These condensed structures are stable, being ther-
Rally decomposed in twe steps. In the first emeo, evidencing me
exethermal effect condsmsed aromatic structure, very stable, are
fermed, which well bura ( exethermal effect ) im the secend atage
( 550 - 885% ).
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TABLE 3 ‘
Parameters of thermal decompositiem of PAthAzm and PPhQAzm
Starting cempenents M.p. Thermogravimetric data
2d Degra- Temperature Weig- Acti- Reac-
Quinmeme H,N-Ar-NH, datien ranzo ht vati- tiem
ateps loss~ en erder
Ar= e8 enery~
8y
(*o) (*c) (*c) (%) (Kcal/
mel)
AthQ p-06H4- 296 200 I 200 - 3% T74.1 21.9 0.9
II 350 - 375 5.5 - -
III 375 - 430 18.2 - -
Iv 430 - 540 2.2 - -
AthQ n-CGH4- 290 190 I 190 - 395 94.9 18.5 1.7
II 395 - 540 5.1 - -
AthQ '0654'0654' 280 200 I 200 ~ 375 44.4 20.1 0.7
II 375 - 520 18.9 41.6 2.5
III 520 - 695 30.0 66.1 2.5
1-C1AthQ p-06H4— 145 210 I 210 - 440 57.8 13.6 0.0
11 480 - 815 42.2 30.2 2.5
1-ClAthQ I—Csﬂ4- 155 210 I 210 - 400 62.2 19.3 0.0
1-C1lAthQ '°6H4'c6nl 140 210 I 210 - 400 T1.1 15.9 0.3
II 400 - 730 28.9 37.9 2.5
2-ClAthQ p—CGH4- 155 200 I 200 - 435 74.4 16.5 0.8
2-ClAthQ n-c6H4- 150 180 I 180 - 390 68.5 8.8 0.0
II 390 - 685 31.5 22.2 1.8
2-ClAthQ ‘°6H4'°6H4 150 210 I 210 - 390 55.5 19.9 1.3
= 11 485 - 860 44.5 28.3 2.5
PhQ p-c6ﬂ4- 250 200 I 200 ~ 370 21.4 18.5 1.8
PhQ p-OGH4— 250 200 I 180 - 800 90.0 5.0 0.0
PhQ -’06H4' - 170 I 170 - 430 14.0 9.2 2.4
II 430 - 920 86,0 22.5 2.5
PhQ 36634-C‘H4 - 230 I 230 - 500 17.4 18.7 2.5
11 500 - 850 82.6 45.5 2.5

= - Polymer imsoluble

The set of thermogrammes of polyasomethimes obtained from FPhQ
(Table 3) evidemce am inmorease in thermal stability, characterized
by the increase ef the Td value from 170 te 230'0. deperding en
the nature ef the diaminic compenents in the series m-phemylene-
dismine < p-pheaylemediamime < bemsidime. At the same time, there
is te Dde observed that imseluble fractioms have a higher thermal
stability.

Starting frem AthQ and diaminic ocempeunds, PAthQAzm ocam be eb-
tained; an ebservatien being made im this case, 1. 6. that struc-
tures centaining para - substituents are mere stable tham these
haviag pesitien meta linkages.
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Chlorine intreductiem im the AthQ nucleus generally ianduces a
slight increase of the thermal stablility and alseo a unifermisa-
tion of the stability ef the polycomdemsatiem compounds with
--phdnylencdin-ino, p-phenylemediamine and bensidine.

All cempeunds comtaining chlerime im their structure are
decompesed in two stepe, the former bBeing characteriszed by a re-
action erder of 0 - 0.3, mederate activation energy ( 14 - 19
Kcal/mel ), & high decomposition rate and the latter by a reac-
tion erder ef 2.5, higher activation emergies ( 30 - 40 Kocal/
mel ) and much lewer deocempesition rates (Figure 4).

The same ebservatiome are te be made fer 2-ClAthQ polyocon-
desated with diaminic cempeunds, the enly differemce laying in

Pig. 5. DTA, DTG and TG
curves e¢f pelyatomethimes
derived from bensidine amd
AthQ (1) and PhQ (2).
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the fact that - agaim - in this series the imcrease ef the

thermal stability eccurs, as functiem ef the diamimic cempeunds
in the m-phenylenediamine < p-phemylemediaminme < denszidine

( ™d = 180°C, 200°C and 210°C respectively ). In the series of
pelyaszomethines amd alse in that of pelyasines there is te be
neted that the pelycomdemsation preducts ef PhQ have a slightly
higher thermal stability tham these ef AthQ (Pigure 5).

CONCLUSIONS

Prom the thermegravimetric analysis of PPhQA, PPhQAsm,
PAthQA and PAthQAzm, the follewing conclusioms may be drawn.
1. Pelyasimes obtained frem quimemes and disulphiaylhydrasin.

have lewer thermal stabilities than these dased om hydrasime
hydrate.
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2. Among the compounds obtained through condensation with hy-
drazine hydrate - the PPhQA‘conpounds are less sensitive showing a
higher thermal stability. The difference in stability is signi-
fieant as one would expect, due to the formation of the same con-
densated cyclic structure with a conjugated system of double bonds.

3. PPhQAsm, PAthQAsm, P-1-ClAthQAsm and P-2-ClAthQAzm show a
good thermal stability oomparable to that of other polyazomethines,

4. In the class of polyazomethines, an increase of the thermal
stability can be observed, as depending on the dimiinic compound
in the series m-phenylenediamine < p-phenylenediamine < bensidine.

5. More thermal stable polyazemethines - as compared with
polyazines - have been obtained from AthQ and their derivatives.
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