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ABSTRACT 

The thermal stability of new polymer8 iron the olasasaf polj- 

phenanthrenoquinQne asine~, polyanthmtquinone asinee, p&yphenan- 

threnequlnone asometinea and polyanthraquinono asomethinee use 

studied by luana differential thermal analyeio aa well 81) thermo- 

gravimetry. It was ertablished that polyaaomethiner show good 

thermal etability up 200°~, and are more stable than polyasiae. 

The kinetioal parameter8 ior the thermedeetruotion reaatlon were 

dote-d by the Ceato - Redfern rethod. 

IBTRODUCTIOI 

Huoh atte)tion is now being givun to the cmjugatal polrmers, eape- 

oially beaauae of their goed thermal stability. Pw? inbmoe pely- 

IY)~S oontaining nitrogen in the main ohain and az~matie atruotmea 

#hew partiau~ar etabillty /l-4/. 

In the preeent paper a study 20 made af the bohaviour under hea- 

ting af oarno polyoondenratlon, polyasine and potyasouthine whoso 
synthaser tid pmpertles have previously been reDfbr*Od /5,6/. 

XPBRIMBUTAL 

The polyphen~threneqalnno-as~nu (PPhQA) (&a), polyanthra- 
quinano-asinos(PAthQA) (lb), polyphenurthranoqu~~oao-•somothineo 
(PPhQAk) (,2a), and polyanthraqainone-asorothlnoa(PAthQAu) (2b) 

wore prepaped by the polyoondenaation of 9,10-phonaathzwoquimum 
(PhQ), or 9,10-anthraqulnoae (AthQ) ud Lahlonant&riquinoaa 
(1-OlAthQ), 2-ohloroaathraqolnono (24lAthQ). rtth hydrasiao hy- 
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drate, dieulphinylhydresine in verloue oondktione /5/ or with 
m-phenylenediamine (mPhD), p-phenylonedianine (p-PhD), bensidine 
(Be) in roltont DHP oatal@ ZnC$, quinemr/diamine role ratio 

i/l or l/2, respeotlvely fQ/. 
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The thermal ourve~ were reoerded en a Paulik - PaaUk- Wea 

(HO& Budapest) epparatum. The swu uoro made with maples of 
4s - SO B& heated ia ail. at a rate of lO’/rin, rithitz the tam- 

perature range 20 - 9OO”O. The activation energier and the reao- 
tion ordera ior the deetruction pmoemee were oaloulated by the 
Ooatrr - Redfern method /7/ with a Pelix GE-32 oomputeb. ?he ther- 

mal behatiour wu oharaoterised bj taking lnts aooount the degra- 

dation temperature (Td) referred t(P aa the temperatun where wei- 

ght lomu begina, the temperature ranger of the deetruotion etagem 

l e well a0 the weight lore peroentage for every #tap. The ther- 
mal effeotr were estimated qua2itativelj ima the DTA ourvec 



RESULTS AND DISCUSSIOI 

The thermal etabilities of PPhQA, PAthQA, PPhQAsm amd PAthQAsm 

were etudied in oomparieon with thoee of the diaarbonyZio and di- 
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aminio components smpleyed in their syntheeis. 

fn the oaee of dicarbonylio compownde (fable 1). bhe AthQ de- 

oompeeitien ecrxar~ in only one etage while, forr its derivatives 

atnd for phQ, %WQ otepn are te ba noted. l&be temperatuz'e at whiph 

therm@d9struotion begins ie 180% ind 190'0 fsr AthQ and 

1-ClAthQ, P-OlAthQ, reepeotively, while, for PhQ this temperature 

ie only 170°0. 

TABLB I 

Parameters sf the thermal deoempoeition of dioarbenylio and 

diamlnicr eompounde 

starting 
askpame*;t 

M.p. !Phermogravimetrio data 

Td* Degrada- Tempera- Weight Ba Reao- 

tien ture lossel, tion 

efeps range order 

(OC) (OC) t*C) 

AthQ 
MJlAthQ 

285 .. 490 100 
se 

:: f 

@-CUAtlmQ 210 190 I" 

PbQ 206 170 IX 

p-a6Hglm2)2 
490 - 630 

3.30 120 I' 120 - 240 4; 2219 

"-c6H50?H2)2 65 SI 
345 - 615 

ff 
24.1 2:; 

120 120 - 200 13.6 0.0 

Ir' 400-600 Bensidiao 105 lea %! i;': 
: 

x: 2x 2*1 
II 711 22:o 1 

I - The l aximsua temperature at whioh the snaplee de not ehew 

weight lemas 

AU diesrborxylics crempounda are oharsotsrired by the aamo ralucbr 

of *ho aotirstion.mergy mnd of the reeetion erdoc - in the first 

l ta@ of thermal decomposition. 

jar diaminia osmpoa*late two dostruetian stage8 are notiwd, Du- 

rimg the fbrot ata&* hhe rearotiore take plaas in the liquid pham 

br%w*en L20 - WOoO, Leadimg probabl;y )e #table 8tructurea roaie- 
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tant up to temperature higher than 350’0. 

In the case of bensidine, a much higher thermal atability ie to 

be obeened, the starting temperature of the deetruction procetae 

being - ae compared with phenylenediamlnee - much higher, alongwith 

a much lower ratio of weight loseee in the firet &age. This etabi- 
lity may be oorrelated with the extended oonjugated eystea, duo to 

the two aromertio nuolei of bemrldine. The oharaoherietios of ther- 

mal deoompoeition of polyasinee obtained from AthQ and ite deri- 

vatives ape Zirted in Table 2. 

TABLE 2 

Parametere of thermal deoomposihion of PAthQ and PPhQA 

Quinone Hydrasine Thermogravime trio e data 
derivative 
mol/oatio 
eolvent/ Td Degra- Temperatu- Weight Aotiva- Roao- 

oatalyet dation me pange losrrer tien tion 

(%) 
etepe 

(*cl) 
energy order 

(%I (ICoal/ 
mox ) 

AthQ 

l-OlAthQ 

2-ClAthQ 

AthQ 

AthQ 
Pyridine 
o=s=W-W-s~o 

l/2 
Pyridine 

O=S=W-W=S=O 
112 

Pyrldine 
H*;;+820 

;y!g”“# 0 
22/l 2’ 2 

Xylene 

180 III - 330 
- 440 

185 ff1 M; 
- 830 
- 490 

II 
200 r’I :E : !E 

80 II G’4: 
- 820 
- 170 

210 - 900 

*I* - 87o 80 II 5E: - 160 
240 - 370 

;;I ;7$ - 490 

70 
II 1g 

I g 
- 375 

320 
III 0; 1 pi& 

III 550 - 885 

290 
;I 

290 - 540 
540 - 880 

;:*i ;;:v 
64:3 

:?I . 

3::; 
61.7 

‘E . 

5;:: 
12.5 
29.0 
55.8 

;;*: . 

51.7 
48.3 

33.3 
36.8 ::: 

0.0 
3;:: * 
27.6 1’:; 

E :*z 
36:6 2:s 

32.5 2.5 

The thermal etabllities of PAthQA are influenoed by the zeaotion 

conditlone ( eolvent, mo;le ratio ) or by the dlamlnio oomponent 

(Table 2). 

Polyaslnee obtained with dieulphinyl.hydras%ae have a seneibly 

lower Td and weight looses of 7 - 27 E im a filret etage of deoom- 
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psaition - whioh is oharaeterized by aotivation energiee having 

o100o valuer and the mame reaotion order - going on then in sta- 

gee oomparable - ae temperature range and weight loeeea - with 

three of the polgazinee obtained with hydrasine hydrate (Table 2). 

One can thua conalude that, in thle first atop, the terminal grou- 

pe will be released a8 SO, and lV2. In euah oaeee, the polyoonden- 

aration degree8 are not hlgh,therefsre, whioh ha@ been actually 

demonetrated experimentally, through meaaureaents sf intrinalo 

vieaeaity /5/. The relatluly large variables of the weight Lo- 

eaez in the firat stage in the oaee of polyazlnee obtained with 

dlzulphinyl hydrasine may be explained beth through the diffe- 

renoee ef molecular weight - depending on the eyntheeee oonditione 

- and the reaction agent employed , end also through the vaz%ation 

of the molar ratios of the twe reactanta ( quinone znd disulphlnyl- 

hydrasine (Figure 1). The oonclueion ts be drawn is that polyazl- 

nea obtained with quinoonee and dieulphylhydrazine evidence a low 

thermal stability. 

The stability af polyaaiaea obtained with hydrazine hydrate 

from AthQ, 1-ClAthQ and 2-ClAthQ le slightly lower. a8 compared 

with th0ee of PhQ (Table 2). 

On cornpalling palyazinee beeed on AthQ and lte derivatlvee 

(Figure 2) one oould observe that the introduction of the elec- 

troz - withdrawing subetituents induce6 a oertaln improvement of 

the-thermal etabllity, whloh ie to be obeerved from the Td values, 

i. e. 180, 185 and 200’0 respectively a8 well aa from the ehlfting 

of the deoompoaitlon stages towarde higher temperatures (Table 2). 

In the oaee of polyazines baaed 0~ PhQ (Figure 3) high thermal 

etabilitiee are to be reaorded. The etarting temperaturee ef ther- 

mal deetruotion Td 290.0 and 320’0 - depending en the condition6 
in whloh the oondermeatioa reactien ooours ( solvent, catabyat ) 

indicate muah higher value8 ae against those of PAthQA. 

In tho aaae of PhQ having azrbonylic groupe incr , it ie te be 

aseumed that - on the oondenaatioa with hydrasine the fzrmatiez 

of eeue “anam type oyoles l ocu~e, which are formed of 8-terme, 

having faur nitlugea atoma~arxla cenjugated eyetea extended with 

ar0matiO rings. Thoas cendeneed struatuoee are stable, being thee 
rally deoompozed in Owe eteps. In the first one, l videnoimg me 

exethezral l ffeat ooadiued aramatia atmmture, tory stable, am 

formed, which well bum ( exothermal effeot ) in the eeoond mtage 

( 550 - 885e(3 ). 
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hydrazime hgdrate (DMp/ZnO12f. and p-phenylenodiamire. 

l f 
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TABLE 3 

Parametera of thermal deoempoeities of PAthAm and PPhQAm 

starting oomponemte Y.p. Thkogravilaetrio data 

Quiaere H2lV-AzMM2 
.Td De ra- Temperature I$&- Aoti- Beao- 

f da ien range teti- tie8 

Ar- 
stop loes- en l rdelr 

ee l AOP- 

tea1 PC) PC) 

AthQ p-06H)- 296 200 

AthQ m-c684- 290 190 

AthQ -C6H4-06H4- 280 200 

1-ClAthQ p-C6%4- 145 210 

1-C1AthQ wC6R4- 155 210 

1-ClAthQ -a6H4-C6E4 140 210 

P-ClAthQ p-C6H4- 155 200 

2-ClAthQ n-C6H4- 150 180 

P-CLAthQ -C6H4-C6H4 150 210 

phQ* P-c6H4- 250 200 

PhQ p-a6H,- 250 200 

PhQ "C6H4- - 170 

fiQ -C6H4-C6H4 - 230 

:I 
III 
XV 

fI 

II 
111 
I 
XI 

I* 

II 
I 
II 

:I 

fI 

II 
I 

:* 
I 
II 

200 - 350 74.1 21.9 

z': - - 430 375 18.2 5.5 - - 
430 - 540 2.2 - 
:;': 1 g;z 9;'; 18.5 

200 - 375 44:) 2011 
375 - 520 18.9 41.6 

:z - - 695 440 30.0 57.8 66.1 13.6 
- 815 42.2 30.2 
400 62.2 19.3 

- 790 36.7 29.1 
210 - 400 71.1 15.9 

1:: - - 730 435 28.9 74.4 37.9 16.5 
465 - 

180 - 

;fg EZ.4 34.4 

E - - 685 390 31:s 55.5 
2::: 
19.9 

485 - 860 44.5 28.3 
200 - 370 21.4 18.5 

?:: I z 3$; 36.3 5.0 

170 - 430 14:o 

:;: - - 920 500 86.0 17.4 2::: 18.7 
500 - 850 82.6 45.5 

0.9 

177 

017 

9:; 

:*; 
0:o 

;:; 

Z 
2.5 
0.0 

::': 
2.5 

;:; 
0.0 

9:: 

f:; 

I - Pelymer inaelublo 

The ret of thermogremmer of polyasemethimoe obtained fram PhQ 

(Table 3) evldemoe am inorease ilp thermal etability, ohalracteriwd 

by the iacreaee of the Td value from 170 te 230e0, depending em 

the mature l f the diamirio oorpenente in the eerie6 r-phenylene- 

diamlre < p-phemyle8ediamlre < berridime. At the came tire, there 

is te be ebeeaed that imeo1ubX.o fraotlors have 8 higher thermal 

rtabilitp. 

Starting from AthQ and diaminlo oompoumda, PAthQAsr oan be eb- 

taised; u ebaervatien being made in this oaee, i. e. that etruo- 
tune6 eeotaining pass - substituenta am more stable than them 

hatlmg poritior mete Linkwes. 
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Chlorine intmduotten ir the AthQ nuoleue generally iaduoeo a 

slight increase ef the thermal 8tability and aleo a unifernisa- 

tisn of the etability of the palyoendeaeatio~ oompounds with 

r-phdnylenediamiro, p-phonyleuediamire aud bonsidime. 
All oarpounds oonftaining ohlorire in their etruoture abo 

deoompoeod ia two steps, the former Wing aharaoterised by a re- 

aotioa order of 0 - 0.3, moderato activation enorgy ( 14 - 19 

Koal/rol ), a high deoompoeition rat0 and the lattrr by 8 roao- 

tiea order of 2.5, higher activation energies ( 30 - 40 Kml/ 

r.1 ) aud muoh lower deoomposttion rrtee (Figure 4). 

The oame l bservatiome are to be made for 2-ClAthQ polyoon- 
deeated with diaainic oompou~de, the only diffeaeaoe layiag in 

Mg. 5. DTA, MO asd TQ 
oumee of polyasemothiaeo 

dorivod from bousidine tamd 

AthQ (1) aud PhQ (2). 

the faot that --agair - in this rroai~ the iaoroare of the 

thermal rtability l ecmm, a6 fumtioa of the diuilio oompotaadm 

in the r-phenylorodimiro < p-phomyleaodiami8o < boaridire 

( Td = 180%. 2OO*C aud 210.0 respeotiroly ). Is time aeriem of 
polyasomothimee and @loo im that of poLrasi~or, thorn tr to bo 
meted that the polyoeadoroatiom pndusts of PhQ hare a eliphtly 

highor thermal stability thau bbeoe of AthQ (Pigme 5). 

OOACLUSIOK8 

Prom the OherPPograrimotrio analysie of PPhQA, PphQAsm, 

PAthQA aad PAthQAsm, the followimg oonoluoiou may be drawn. 

1. Polyasires obtained from quiuaea ud disulphiyUydrastr 

hat8 lowor thermal rhbilitior than thorn0 bawd 08 hydlrsiao 
bybrat.. 
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2. Among the compound6 obtained through oondanratioa with hy- 

drazine hydrate - the PPhQA compounds 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 oon- 

densated cyclic structure with a oonjueated system of double bonds. 

3. PPhQAsm, PAthQAam, P-3-ClAthQAsm aud P-P-OlAthQAsa show a 

Kood thermal otabillty oomparable to that of other polyasomethinee, 

4. In the elaes of polyazomefhinee, an lnareaee of the thermal 

rtability aau be obeerved, ae daprndiug on the diw&Uo oompouud 

in the eeries m-phanylonediamino < p-phenylenediamine < benaidlne. 

5. Yore thermal etable polyaeemethlnea - a6 aompared with 

polyacinee - have been obtained from AthQ and their deriratiree. 
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