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ABSTRACT

Ferrocenylenearyl polyesters are synthesized by the reaction of 1,1'-bis
(chioroformyl] ferrocene with various aromatic diola by interfacial
polycondensation using a phase transfer catalyst . The polymers are
characterized by infrared, the 3 H-NMR and 13 C-NMR spectroscopy . The
molar mass is investigated by measuring the Inherent viscosity . The thermal
stability of the polymers is determined by thermogravimetry . The
thermogravimetric analysis shows that all the polymers are stable up to
250-355°C in nitrogen . Amongst the ten polymers, phenolphthalein and
tetrapttonylthiophene based polymers exhibit higher thermal stability than
that of others.
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INTRODUCTION

Ferrocene containing polymers possess very useful
properties like high thermal stability, radiation
resistance, and electroconduction properties.
These interesting features have made them
suitable for a wide spectrum of applications
including heat resistant lubricants, thermally stable
and heat resistant elastomers, stabilizers in
plastics, elastomers etc.[ 1] . Ferrocene containing

polyphosphate esters possess flame retardant
properties [2] . Ferrocene compounds promote
extinction and suppress smoke production by
accelerated char formation [3, 41. Furthermore, it
is envisaged that the introduction of ferrocene
moiety coupled with aromatic structure would
bring about favourable properties like improved
thermal stability and other technologically
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interesting properties . Based on this observation,
the present work is directed towards the synthesis
of some new ferrocenylenearyl polyesters . Several
ferrocenylenearyl polyesters were synthesized from
1,1'-bis (chloroformyl) ferrocene with various
aromatic diols by interfacial polycondensation
using a phase transfer catalyst . The structure of the
polymer precursors was confirmed by IR, 'H-NMR
and 13 C-NMR spectroscopic studies . The thermal
stability of the polymers were evaluated by
thermogravimetry.

EXPERIMENTAL

Quinol (Qualigens), phenolphthalein (BDH),
biphenol and bisphenol-A (Aldrich) were used as
received. Chloroform, methanol and phosphorus
trichloride were purified by conventional methods
[5] . 4,4'-D i hydroxydiphenyl methane, bisphenol-S,
4,4'-dihydroxytriphenyl methane, and tetrabromo-
bisphenol-A were synthesized following the
reported procedure [6] .4,4'-Dihydroxyazobenzene
was prepared as reported elsewhere [7] . 2,5-Bis
(4-aminophenyl) 3,4-diphenylthiophene was
prepared by the reported procedure [8], which was
diazotized and hydrolyzed to give 2,5-bis (4-
hydroxyphenyl) 3,4-diphenylthiophene . l,1'-Bis
(chloroformyl) ferrocene was synthesized from
ferrocene as a starting compound by the reported
procedure [9].

Polymerization

All the polymers were prepared by interfacial
polycondensation using a phase transfer catalyst . A
typical procedure for the synthesis of polymer I is
as follows . To a solution of quinol (1 mmol) in
20m1 aqueous sodium hydroxide (2N NaOH),
hexadecyltrimethylammonium bromide
(HDTMAB, 2 wt% of quinol) was added and the
mixture stirred at 20 °C . To this vigorously stirred
mixture a solution of 1,1'-bis (chloroformyl)
ferrocene (1 mmol) in 20m1 chloroform was added
in one lot . After 10 min the polymer formed was
filtered and washed thoroughly with chloroform,
water and dried in vacuo to constant weight (yield

75%) . Other polymers (II-X) were also synthesized
in a similar manner . All the polymers were brown
coloured, powdery or sticky products depending on
the aromatic diols . They were soluble in DMF,
DMAc, DMSO and NMP but insoluble in common
organic solvents like chloroform, acetone and
benzene.

Characterization

The IR spectra of the polymers were recorded on a
Hitachi model 27050 spectrophotometer using KBr
pellets. The 'H-NMR and 13C-NMR spectra were
recorded on a Brucker FT200 spectrometer in
DMSO-d6 using TMS as the internal standard . The
inherent viscosities of the polymers in DMF
solution (0 .1 g& Is) were measured using an
Ubbelohdeviscometer at 30 °C. The thermogravi-
metric studies were carried out using a Mettler
TA3000 thermal analyzer under nitrogen at a
heating rate of 20 °C min . ' with a sample weight of
3-5mg.

RESULTS AND DISC(JSSION

The new ferrocenylenearyl polyesters were
synthesized by interfacial polycondensat ion using
HDTMAB as a phase transfer catalyst at 20 °C as
shown in Scheme 1 . These polymers were obtained
in almost quantitative yield (Table 1) . The inherent
viscosity of the polymers is furnished in Table 1.
The fairly high values may be attributed to a high

Ftg .l . Infrared spectra of polymers VII (A) and VIII

(B )
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Scheme 1 . Synthesis of ferrocenyleoearyl polyesters

FIg.2, 1 H NMR spectrum of polymer V
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Table I . Yield and inherent viscosity or the polymers

Polymer Dial used

	

Yield nInha
( 96 )

I Quinol 65 0.4055

II Biphenol 72 0.2231

III 4,4'-Dihydroxy
diphenylmethane 66 0.2029

IV 4,4'-Dihydroxy
azobenzene 80 0 .1397

V Bisphenol-A 75 0 .2366

VI Tetrabromo
bisphenol-A 80 0.2578

VII Bisphenol-S 73 0.3505

VIII 4,4'-Dihydroxy
triphenylmethane 78 0.2231

IX Phenolphthalein 82 0 .2718

X 2,5-bis(4-hydroxy
phenyl)-3,4-diphenyl
thiophene 82 0.3185

' Measured at a concentration of 0.1 gldL in DMF at 30 °C

degree of polymerization which normally occurs in
the interfacial polycondensation.

The infrared spectra of polymers VII and
VIII are shown in Figure 1 . The characteristic
absorption bands around 1710 cm-' and 1275 cm- 1
correspond to C=O and C-O stretching vibrations,
respectively [10], supporting the formation of ester
linkage in the polymer . All the polymers showed
distinct absorption bands around 3100, 800 and 860
cm . ' owing to 1,1'-disubstituted ferrocene ring and
p-substituted benzene ring, respectively [2].

The representative 'H-NMR spectrum of
polymer V is depicted in Figure 2 . In all the

Table 2 . Thermogravimetric data of polymers

Polymer

	

Temperature corresponds to (^C) Char yield
at 600'C

I% Weight loss' 50% Weight loss' (%)

I

	

250 510 25
II

	

265 500 40
III

	

260 520 43
IV

	

290 545 33
V

	

270 440 35
VI

	

280 450 35
VII

	

275 460 38
VIII

	

300 565 35
IX

	

310 675 55
X

	

355 855 65

' Error ± 1%

spectra, two 4H singlets appeared at 4.5 d for the
two kinds of ferrocene ring protons (2,5 and 3,4).
Similarly, the aromatic protons in the main chain
give rise to a quartet at 6 .86 and 7 .66 [11] . The
resonance corresponding to the pendant phenyl
appeared around 7 .06 . In polymer V the aliphatic
isopropylidene protons resonate in the region 1 .56
6 [12] .

Typical broad 'H- decoupled 13 C-NMR
spectra of polymer IV and IX are shown in Figure
3 and 4. The cyclopentadienyl carbon resonate in
the region 69 .5 b and 74 .4 d [131 . The aromatic
carbons of the main and side chains are centred
from 115 6 to 158 d [14, 151 . The signal corres-
ponding to -COO- carbon appeared at 170 6 for all
the polymers suggesting the formation of ester
linkage in the polymer chain . The characteristic
carbon resonances are indicated in the spectra.

Thermal stabilities of the polymers in
nitrogen atmosphere were evaluated from TG
thermogram obtained at a heating rate of 20 °C
min- l. The thermogravimetric traces of all polymers
are shown in Figures 5 and 6.The temperature
corresponding to 1% weight loss, 50% weight loss
and char yield at 600 °C are listed in Table 2. The
temperature inception of 1% weight loss was used
for the comparison of thermal stability of the
polymers . Ferrocene polymers generally undergo
two step degradation [161 . Asimilar phenomenon
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Fig .S. Thermogrsrintetric traces of polymers I-V

was displayed with these polyesters . The initial
weight loss in the above polymers occured around
250-350 °C (1% weight loss) followed by drastic
decomposition (50% weight loss) at 500-800 °C.

At temperature beyond 800 'C an additional
percentage of weight loss occured . The polyesters
prepared in this study did not show complete
weight loss up to 800 'C. This could be based
partially on the presence of metal in the backbone
and the residue being a mixture of iron oxide and
carbon [16] . The polymers having different
structures were found to show a large difference in
their thermal stability and char yield . The
bisphenol-A (V) and diphenylmethane
(III)containing polymers exhibited a significantly
lower thermal stability than others . This may be
attributed to the presence of thermally sensitive
aliphatic segments . The ferrocenylenearyl
polyesters containing phenolphthalein (IX) and
tetraphenylthiophene (X) units were found to be
more thermally stable than the remaining
polymers . This may be ascribed to the possibility

that the higher aromatic content with organo-
metallic segments may be responsible for the
superior thermal stability of these polymers.
Nevertheless, all the polymers, afforded higher
char yield irrespective of their structures. This may
be due to the rigid organometallic linkages of the
polymer backbone.

CONCLUSIONS

A series of ferrocenylenearyl polyesters were
synthesized from 1,1'-bis (chloroformyl) ferrocene
with various aromatic diols by interfacial
polycondensation using a phase transfer catalyst,
namely hexadecyltrimethylammonium bromide, at
20 °C and were characterized spectroscopically.

Owing to the high aromaticity of the polymer
backbone, these polymers showed limited
solubility . The thermal stability of the polymers
varied depending on the aromatic content of the
polymers. Thus, among the ten polymers prepared
from various aromatic diols, the phenolphthalein
(IX) and tetraphenylthiophene based polyesters

Flg .6 . Thermogravimetric traces of polymers VI-X
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displayed better thermal stability than others.
Finally, it may bo concluded-that ferrocenylenearyl
polyesters possess good solvent resistance and
superior thermal stability behaviour . These
polymers are considered to be promising high
temperature processable polymeric materials.
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