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The thermal  stability of new ferrocene polymers f rom the class of polyferrocenylen- 
iminoimides and  polyferrocenylenazomethines was studied by means of differential 
thermal  analysis as well as thermogravimetry.  

It  was established that  polyferrocenylenazomethines show good thermal  stability 
up to 200 ~ and are more stable than polyferrocenyleniminoimides. 

The presence of ethereal, sulphidic and disulphidic bridges in the diaminic compo- 
nent of the polymers decreases their thermal stability. 

Much attention is now being to the ferrocene polymers, especially because of 
their good thermal stability. For instance, the ferrocene polymers containing ni- 
trogen in the main chain show particular stability in an inert medium up to 600-  
700 ~ [1, 2], the polyazomethines up to 450-500 ~ [3], the polypyrazoles up to 
400 ~ [4], the polyazines up to 300-400 ~ [5 -  8], the polyhydrazides up to 220 ~ [9], 
the polyurethanes up to 200-250 ~ [10-12] and the polyamides up to 110-470 ~ 
[12-14]. 

In the present paper a study is made of the behaviour under heating of some 
polycondensation polyferrocenyleniminoimides and polyferrocenylenazomethines 
whose syntheses and properties have previously been reported [15, 16]. 

Experimental 

The polyferrocenyleniminoimides (PFcImlmd) and polyferrocenylenazometh- 
ines (PFcAzm)were prepared by the polycondensation of l,l'-diacetylferrocene 
(DiAcFc) and 1,1'-bis-[fl-(2-furyl)-acryloyl] ferrocene (DiAcFcF) with biuret 
(ZnC12 as catalyst) [15], benzidine, 4,4'-diaminodiphenyl ether, 4,4'-diaminodi- 
phenyl sulphide, 4,4'-diamino-2,2'-dinitrodiphenyl sulphide (ZnC12 or p-toluene- 
sulphonic acid as catalyst) [16] and N,N'-disulphynyl-bis(4-amino-2-nitrophenyl) 
disulphide (pyridine as catalyst), respectively. 

The complex-structured polymers contain units of the a, b, c, d types [15, 16]. 
The thermal curves were recorded on a P a u l i k - P a u l i k - E r d e y  (MOM, Buda- 

pest) apparatus. The runs were made with samples of 35 mg, heated in air at a rate 
of 10~ within the temperature range 20-900 ~ 
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Fig. 1. Unit types of the complex-structured polymers 

Fhe activation energies and the reaction orders for the destruction processes 
were calculated by the Coats-Redfern method [17] with a Felix CE-32 computer. 

The thermal behaviour was characterized by taking into account the degradation 
temperature (Td), referred to as the temperature where weight loss begins, the 
temperature ranges of the destruction stages, as well as the weight loss percentage 
for every stage. The thermal effects were estimated qualitatively from the DTA 
c u r V e S .  

3. Thertnal- Anal. 22, 1981 



T~kTARU et al.: THERMAL STABILITY 261 

Results and discussion 

The thermal stabilites of PcFImlmd and PFcAzm were studied in comparison 
to those of the dicarbonylic and diaminic components employed in their synthesis. 

1,1'-Diacetylferrocene is degraded in two stages. The thermal degradation pro- 
ceeds at a higher rate during the first stage (155-260 ~ than during the second 
stage (260-450~ By taking the weight loss percentage into account, the first 
stage may be considered to correspond to the scission of  acetyl groups (25 70 
weight loss compared with 31.85 70 as calculated) (Table 1), and the second one 
to destruction of  the ferrocene nucleus (50.7 ~ weight loss compared with 47.4 70 
as calculated). 

The decomposition of  1,1'-his [fl-(2-furyl)-acryloyl]-ferrocene proceeds in a 
single stage, the product being more stable than 1,1'-diacetylferrocene. This in- 
creased thermal stability might be due to the stabilization of the C1 - CcarUonyl 
and C~ -Ccarbo~yl bonds, owing to the expansion of the electron conjugation. 
The DTA curve shows an exothermal process without weight loss at 160~ this 
value corresponds to the melting point of the product. It  might be assumed that 
an exothermal transfusion takes place simultaneously with the substance melting, 
this prevailing over the endothermal melting. 

Biuret begins to change with weight loss at 120 ~ The three stages of the thermal 
decomposition correspond to the literature data on the thermal conversion of  
biuret into cyanuric and cyanic acids. 

Table 1 

Parameters of thermal decomposition of dicarbonylic and diaminic components 

Weight Energy of 
No. Starting component M.p., Decomposition losses, activation, 

~ range % k J/mole 

1,1'-Diacetylferrocene 1. 

2. 

3. 

4, 

5. 

1,1'-Bis [fl-(2-furyl)-acryloyl] ferro- 
cene 

Biuret 

Benzidine 

4,4'-Diamine-2,2'-dinitrodipheny l- 
disulphide 

N,N'-Disulphinyl-bis(4-amin o- 
2-nitr ophenyl) disulphide 

122 

160 

120 

105 

222 

155--260 
260--450 

230-- 660 

120--220 
220-- 265 
290--445 

180--320 
365-- 675 

200--260 
275-- 395 
395-- 625 

120-- 210 
210--275 
275-- 350 
350-- 660 

25.00 
50.70 

84.00 

30.00 
23.75 
46.25 

25.70 
74.28 

21.40 
20.00 
58.60 

7.14 
17.85 
17.14 
60.0O 

67 
107 

31 

84 
256 
237 

77 
92 

258 
134 
71 

89 
216 
260 
82 

J. Thermal Anal. 22, 1981 



262 TATARU et al,: THERMAL STABILITY 

The thermal degradation of 4,4'-diamino-2,2'-dinitrodiphenyl disulphide takes 
place in three stages. The first occurs explosively (reaction order zero) with nitro 
group elimination. The product is stable up to 200 ~ the weight losses begin below 
the melting point. 

The data in Table 1 show that the thermal degradation of N,N'-disulphynyl-bis- 
(4-amino-2-nitrophenyl) disulphide begins at 120 ~ and proceeds in four stages. 
The first stage migth be attributable to SO2 elimination from two product mole- 
cules, the weight losses indicated by the TG curve (7.14%) being in agreement 
with the calculated percentage (7.4%). The following two stages correspond to 
nitro groups elimination, their activation energies of 216 and 260 k J/tool, respec- 
tively, being close to that calculated for the elimination from 4,4'-diamino-2,2'- 
dinitrodiphenyl disulphide (258 kJ/mol). 

The characteristics of  the thermal decomposition of PFclmlmd are listed in 
Table 2. 

The thermal stabilities of PFclmlmd are not influenced either by the reaction 
conditions (solvent, temperature) or by the dicarbonylic component, the degrada- 
tion temperatures (Td) being of about the same value for PFclmlmd derived from 
DiAcFc (185-195 ~ and from DiAcFcF (185-200  ~ (Table 2). 

Table 2 

Parameters of thermal decomposition of PFclmlmd 

Diaminie 
component 

Biuret 

Dicarbonylie No. 
component 

1ins 

2ins 

DiAcFc 

3s.-I 

4sol 

DiAcFcF 5s~ 

6in~ 

Polycondensation 
conditions* 

Terfl- 

peru- Solvent 
ture, 
~ 

120 Dioxan 

120 DMSO 

90 DMSO 

120 Dioxan 

90 DMSO 

90 DMSO 

Rar~ge 

185--230 
230- 390 

195--260 
260- 345 
345--480 

185-- 250 
250- 340 
340-445 

190- 270 
270--400 

185--265 
265- 480 

200-290 
290-435 

Weight 
]osses~ 

% 

24.60 
56.50 

20.16 
47.58 
17.74 

17.90 
60.93 
12.50 

25.90 
61.73 

20.31 
76.56 

10.30 
50.62 

* Catalyst ZnCI z. Duration 20 hours 

Energy of 
activation, 

k J/mole 

145 
124 

140 
102 

140 
96 

102 
129 

110 
98 
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Instead, the molecular structure of the polymer, is rather important, the com- 
pounds soluble in the reaction medium being degraded at a lower temperature 
than the insoluble ones. This rather small temperature difference appears in every 
soluble-insoluble determination (Table 2). 

The PFcImImd are about 6 0 - 8 0  ~ more stable than biuret. The Ta values are 
3 0 - 4 0  ~ higher than those corresponding to DiAcFc (Fig. 2a) and 3 0 - 5 0  ~ lower 
than the degradation temperature of  DiAcFcF (Fig. 2b). It may be concluded that 
during the first degradation stage of PFcImlmd the decomposition processes take 
place in the dicarbonylic component, similarly to those of the second stage of 
biuret degradation. The rather close temperature ranges of the first stage of 
PFclmlmd decomposition and of the second stage of biuret decomposition, the 
small weight losses in this interval, and the corresponding reaction orders, support 
this conclusion. 

The thermal stabilities of PFcAzm were found not to depend on the dicarbon- 
ylic component. Hence, it may be concluded that the first decomposition stage of 
samples 1 - 6  and the first two decomposition stages of samples 7 - 1 9  (Table 3) 
are characterized by scission of the diaminic component. With samples 7 -  19 an 
explosive decomposition of the nitro groups takes place in the first stage. 

d.mm 
dt 

2O 

40 

_90 
E. 60 

80 

2 o o ~ d ~ J  slO~ 

o 

200 4OO 600 8OO 
Tempera.tore ~oC 
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~o 8O 
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"~ ~OO 
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Fig, 2a. DTG and TG curves of polyferrocenyleniminoimides and polyferrocenylenazometh- 
ines derived from l,l'-diacetylferrocene 1 -- DiAcFc; 2 -- PFcImlmd (sample 2; Table 2); 

3 -- PFcAzm (sample 17; Table 3) 

Fig. 2b. DTG and TG curves of polyferrocenyleniminoimides and polyferrocenylenazometh- 
ines derived from DiAcFcF. I -- DiAcFcF; 2 -- PFclmImd (sample 6; Table 2); 3 -- PFcAzm 

(sample 19; Table 3) 
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The data in Table 3 show that the temperature ranges of the destruction stages 
which follow after those attributed to the diaminic component are situated at 
values equal or higher for PFcAzm with DiAcFcF than for those with DiAcFc. 

The polycondensation duration does not influence the thermal stability of 
PFcAzm. 

For samples 17 and 18 the data in Table 3 show that the doubling of the reaction 
time results in a residue decrease of about 9 ~o, while the total weight loss in the 
first two stages affecting the disulphinylic component increases by the same value. 
Since the residue results exclusively from the diketonic component, it follows that 
the polymer obtained with a longer reaction duration has a lower content of di- 
carbonylic component; hence the macromolecule has diaminic residues at both 
ends. 

As regards the polycondensation catalyst, since it does not influence the poly- 
mer structures [16] it does not cause an essential difference in their thermal be- 
haviour. 

The PFcAzm synthesized in the presence of ZnC12 (either in solution or in melt) 
or pyridine exhibit two or three decomposition stages, the weight loss in the first 
being small in most cases, about 10-15 ~ .  Only one polymer (sample 9), synthes- 
ized in the presence of p-toluenesulphonic acid, decomposes in a single stage. 
However, it would be possible for several superposed stages to exist. 

The Td values of PFcAzm and the dicarbonylic components are in a ratio similar 
to that mentioned for PFcImlmd (Tables 2 and 3). 

As with other polyazomethines [18, 19], the - O - ,  - S - ,  and - S - S -  
bridges between the aromatic rings in the diaminic component decrease the T d 

o 
LU 
It 

AT 

J u 
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, I 
400 

I 
600 800 

Temperoture , ~  

Fig. 3. DTA curves of some PFcImImd and PFcAzm. I -- 4,4"-diamino-2,2'-dinitrodiphenyl- 
disulphide; 2 -  PFeAzm with 4,4"-diamino-2,2'-dinitrodiphenyldisulphide (sample 11; 
Table 3); 3 -- PFcAzm with benzidine (sample 3; Table 3); 4 -- PFcImImd (sample 2; 

Table 2) 
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values (Table 3) due to the lower conjugation.  This means that  the C -  O and C -  S 
bonds  are split first as they are weaker than the ~ C = N -  bond.  

P F c A z m  are thermally more  stable than P F c l m I m d .  The thermal  stabilities o f  
the P F c A z m  synthesized by us [16] which display appreciable weight losses at 

As can be seen f rom the D T A  curves in Fig. 3, the thermal  decomposi t ions o f  
P F c l m l m d  and P F c A z m  are exothermic processes. 
3 0 0 - 4 0 0  ~ (air), are comparable  to those o f  the compounds  synthesized by Neuse 
et al. [3] by the polycondensat ion o f  1,1'-diformyl - ferrocene with p-phenylene- 
diamine (rapid weight loss at 4 5 0 -  500 ~ in argon) and o f  other Schiff polybases 
[18]. 

Conclusions 

F r o m  the thermogravimetr ic  analysis o f  P F c l m I m d  and P F c A z m  the following 
conclusions ma y  be drawn 

1. P F c A z m  are more  stable than P F c I m I m d .  
2. P F c I m I m d  and P F c A z m  obtained f rom D i A c F c  are more  resistant than 

D i A c F c  to  the increase o f  temperature,  while the polymers belonging to both 
classes derived f rom D i A c F c F  show weight losses at lower temperatures than for  
the dicarbonylic  component .  

3. The ethereal, sulphidic or disulphidic bridges in the diaminic componen t  
structure decrease the thermal  stability o f  the polymer.  

4. P F c A z m  shows a good  thermal  stability, comparable  to that  o f  other polyazo-  
methines. 
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ZUSAMMENrASSUNG - -  Die Thermostabili t~t neuer Ferrocenpolymerer der Klasse yon Poly- 
ferrocenyleniminoimiden und Polyferroeenylenazomethinen wurde durch Differentialthermo- 
analyse und Thermogravimetrie untersucht.  

Es wurde festgestellt, dass die Polyferrocenylenazomethine bis zu 200 ~ eine gute Thermo- 
stabilit/tt aufweisen und stabiler sind als die Polyferrocenyleniminoimide. 

Die Gegenwart  von .~,ther-, Sulfid- End Disulfidbriicken in der Diaminkomponente  der 
Polymeren setzt ihre Thermostabili t~t herab. 

Pe3toMe - -  C nOMOU2bIO ~nqb~epeHuna~Lbnoro TepM•RecKoro aHa•n3a n TepMorpaBuMeTp~ n3y- 
qena Teplvm~tecra~ yCTOfiqI, IBOCTB HOBt,IX dpeppor~er~oBbix nO~HMepoB rnacca nonaqbeppoIIean- 
.rleHnMUHOI/M~OB H nOflH~eppoLIeHH$Ie~a3OMeTRROB. YcTaaOBJ~erIo, ~TO nonI~qbeppouerm- 
JIeHa3OMeTklHbI o6na~a~ox xopomefi Tepr, rn~eci~ofi yCTO~K~IBOCTbIO ,~O 200 ~ 1'i 6os~ee yCTO~tK!4- 
BbI, qeM no~tqbeppoRem~nem~Ma~OrnV~r,i. H a n n ~ e  B ~RaMn3-IOBO~ KOMIIOHeHTe nonrtMepa 
izttcYlopo~m,IX, cy.rI/,qbtt,/~rlblx I~ ~l, icyylt,~ri,~m,lx MOCTI'IKOB, yMeHbmaeT TepMoycToI~/,IBOCTB 
rtoytrlMepoB. 
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