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Abstract

Thermograunetry, Fourier transform infrarred eptroscopy and scanningjectron
microscopy were performed on polyfuraimis to assess thermal stability. The influence of
temperature on the structure andrphology of doped polyfuran concling films was
discussed. Thermal degradation begaouad 95°C,although armaticity, structure and
ordered nodular morphology in the growdté and thdavoneycomb appearance in the cross-
section were partially conserved untiaut 210°C.

Introduction

Polyfuran (PFu) belongs to polymers with an extenttedecton sysem. They can
be transformed by partial oxidation or reductiprocesses into condting materials or
materials with ondictivity very sensitive to some gas axtj humidity ortemperature. It is
possible to producelectrochemically these polymers as homogeneous films with controlled
thickness, through a process in which the siameous insertion ofauinterions takes place.

Recently, stable pgfuran flms doped with sodium perchlate (PFu/CIQ) have been
obtained by modic coupling of furan (Fu) (1-3), in isp of the r@orted difficultiesfor their
synthesis (4,5). PFu/C|dilms exhibit a r@roducible electrochemical behasur (2) and
higher aromaticity(6) than the previously synthiesd by others abbrs (4,5,7). The
morphology of PFu/CIQfilms reveals arordered structure never beforetaibed in other
conducting polymers (8,9).

To the best of our knowledge there are no references concerningatigggradation
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of PFu dopedilfms, other than a brief note byotirillon and Garnier (10) reporting that PFu
films, like other ondwcting polymers, resisted temperatures bbwut 300-400°C. However,
this assumption was not supported by any erpamtal evidence.

The aim of this wrk was to study the thewal stability of electrochemically
synthesized PFu/C|Qilms by thernogravmetry (TG), and the influence of temperature on
the polymer structure by Fourier transformed infraregcspscopy (FTIR) and morphology
by scanning eleovbn microscopy (SEM). It is known that many of theliegtions of
condicting polymers such us batteries, sensors, membrans and electrochemical devices are
based on their electroactive switchimgopeties. In this sense, xposure to elevated
temperatures is quite possible and changes in their structure could take place (chain defects,
chain braching/crosslinkingtc)

Experimental

PFu/CIQ films were potentiostatically generated onto platinum ebelets at
electopolymeization ovepotential,n, 2.8 V (SCE) andime, | , 1800 s inacetonitrile
(MeCN, Carlo Erba, RPE quality) dried over 3A molecular sieves. The electrolyte, sodium
perchlorate (NaClQ) Aldrich Chemie 99%) and monomer, furan (Fu, Aldrich &hie,99%),
concentrations were 0.1 M. A potendatggalvanostat PARR73A contrdled by a PAR
Model 270/250 Researcklectrochemistry Softward.00 was used. Expetrental details
concerning PFu/CICkilm formation have been already descril{@(B,6). Slight vaations in
experimental onditions yielded films essentially exhibiting the same thermal belayi

Thermal stability was studied on finely dividedrdamly orientated) samples dba@ut
2 mg taken from roontemperature vacuum dried PFu/CIdms. It was carried out by using
a previously calibrated thewgravmetric system Perkin-Elmer TGSZADS3700 at
10°C-min' of heating ratdrom 30 to 500°C, under nitrogen purge of Semin’. In order to
analyze the structural and morphadta changes associated to thermal degradatproper
samples of PFu/CIQilms were prepared by TG 210, 300 and 500°C.

Differential scanning calorimetry by a Perkin-Elmer @3C/TADS 3700 with a
liquid nitrogen unity (B012-8743) was employed at subamteEmiperature in the randgem
-73 to 50°C to dtect the presence of residual solvents.

PFu/CIQ infrared spctra were obtained abom temperature in the regiof000-400
cm® using a Fourier transform interfen@ter NICOLET 60SX equipped with a DTGS
detecor. All the sgctra were rearded at 1 crhresolution and 32 scans were averaged to
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improve the sigal/noise ratio. The instrument was purged with dry air. Infraredtsp were
registered from pressed discs ehch PFu/CIQ sample mixed with KBr powder. The
background (air + KBr) ggctrum was removed by subtractiingm film spectra.

The morphologal sudy of PFu/CIQ films, bdore and after thenal treatment, was
developed by scanning elemt microscopy with a JEOL modelSM 6400 electron
microscope at 20 kV. Samples were coated by sputtering with a thin gold film to avoid charge
buildups lecause of their low andwctivity. More details of the sample preparation were

described elsewhere (8,9).

Results and discussion

Thermal stability stdy of PFu/CIQ films suggested no etectable weight loss fure
95°C, but decomposition was nearly complet&@2°C, the weight loss being around 75%
(Figure 1). Thamal degradatin, TG curve, could be roughly divided in three weight loss
overlapping steps.

The first step with ~27% loss (95 - 210°C) waidributed to perchlorate thermal
decomposition and its eliminatidrom the polymematrix. It was clearly observable by the
first peak of the corresponding DTG smootheatér of Fgure 1 with maximum lost effect
at ~200°C, onsetemperature atl64°C (130°C for the free elmical). Residual sbngly
absorbedhcetonitrile and water still retained in the vacuum dried films were detected by low
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Figure 1. TG and DTG curves of PFu/ClO, films from 30 to 500°C.
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temperature DSC as very small ahcbad endothenal effects centered ataund -43°C
(acetonitrile melting point;46°C) and 0°C, regutively. The presence of these substances
could be favoured by the porousnfs morphology previously described as in polypyrrole
films (11). Residual absorbedater has been also observed wndicting vacuum dried
polyaniline films,PANI, oktained either chemically or electrochemically2-15). The next
weight loss step (210-300°C, TG curve) maiearly shown by the DTG seod peak
(maximum loss effect at260°C), could be essgally assigned to the beginnig of thermal
breakdown of the polymer backbone as it happens in other ctomglypolymers (14,16). Loss
(from deeperiges than bfore) and degraation of dopant persisted. From 300°C upwards an
asyntotic tendency in the weight loss was detectadesponding to the entire polymer
degradation.

Figure 2 shows FTIR sgtra of PFu/CIQfilms bedore (Figure 2a) and after TG
treatment (Fgures 2b and 2c). The eptrum of PFu/CIQfilms beore TG teatment was
similar to the one obtained previously in other synthesigditions (6). Theifm spectrum
changed when the temperature increased WB103C (Figure 2b). Thenain difference with
respect to ljure 2a was a decrease in tkétive intensity of the abgption bands centered
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Figure 2. FTIR sepectra of PFu/ClO, films before (a) and after TG treatment (b) at
210°C and (c) 500°C.
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around 1100 ci) CI-O streching vibration, and 600 ¢nOCIO symetric bending vibration,
which indicated lower presence of GlOn coherence with TG results. This fact was
confirmed by energy dispersive X-Raycroanalysis carried out on these samples. It was also
observed a better detection of aliphatic CH stretching vibrgfi8@4 and 2858 ciy and the
appearance of a band corresponding to CH bendingtiobr (1398 cri) which seemed to
indicate the presence of CHroups. Theseatts could imply the ringupture and subsequent
reduction which was also confirmed by the decrease indlagive intensity of the OH and
C=0 stretching vibration ban@3300 and 1720 cimrespectivel). In spte of it, the presence

of the bands around 3145 and 1400"cmhich correspond to the CH anatic stretching
vibration and a combination band due to C=C aromatic ring stretching and forghdgon
vibrations, respectively, in the IR spectra showed that the aromatic character was still
mantained. When temperature was increased uBO@C, the corresponding esgtrum
(similar to the previous one) showedpeogressive loss of ClO(nearly complete) and of
aromaticity. An arrangement of the side chain could have taken place R&NN(16).
Samples treated &00°C exhilited an spectrum (Bure 2c) with damatic changes with
respect to the previous ones. Film decomposition was nearly complete, the IR spectra
showing CIQ groups absence and high absorption of carbeniep.

Scanning elecon micrographs before any theal treatment revealed differeniriace
topographies oeach side of the PFu/CJOrhe growth &ce (Fgure 3a) wasnatt and quite
regular, exhibiting smaliodules clustered together which form an extended ordered structure.
The back face of the films was bright, more homogeneous and smoother than the other,
nodules not being discernible. The crosst®n of the films showed @orous texture
composed by interlinked nodular layers with somatezs/between then®). It is interesting
to remark the high level of order observed not only in tidaxe xposed to the solution.

SEM micrograph of PFu/ClClilms after TG treatment @10°C is shown in Figure
3b. Heat decomposition in the filngrowth face was quite visible, but thedered structure
was still mantained in some partsr@avs) in coherence with FTIR results. Also, some crystal
structures appeared on the surface (asterisks). The cubic crystals were also observed on the
smooth back face of the PFu/Gl®ms but in much larger aount. They were itially
assigned to NaCl derived from Glthermal decomposition and residual Mamaining in the
film from its electogeneation process. An anodic polarization willduce p-doping process
acompanied by the insertion of anions)(¥om theelectrolytic solution (P + yX= P(X),

+ ye), the residual cation could be resting in the solution media arladx$ on the suatce.
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Figure 3b

Figure 3. Scanninglecton micrographs of the growtha€e PFu/CIQfilms a) without
any thermal treatment, and after thermal treatment; b) 20@tC () ordered
structure andJ NaCl crystals; ¢) untis00°C (-) ordered structure.



Figure 3c
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Figure 3c shows a SEMhicrograph of the growthate of the sample treated 2@0°C. It
exhibited some holes, indicative of material losses caused by the polymeric matrix destruction.
However, original morphology couldils be seen locally in the miograph (arrows). The

back face was cracked and a granular appearance with practically no crystals orfattee s

was detected. NaCl was almost completely sublimated, the respective microanalysis by EDX-
Ray indicating a sbng loss of chlorine in agement with the @responding FTIR sgctrum.

The characteristic laminar structure of the film cross-section was completly lost after this
treatment. An intermediate arpholodcal situaton, but much closer to that of 500°C than

to 210°C, was observed in thnfs treated up t800°C (not shown).

In conclusion, kack, adherent and homogeneous PFu/dlins, potentiostatically
synthesized, were thermally stable up to 95°C. From this temperature upwanatyessive
destruction of structure and morphology was daoeed. It consisted in a contious loss of
the dopant, amaticity andordered appearance (~200°C), followed by the polymer backbone
rupture (~300?°C) and final carbeation (-500°C). These results are in oppios to the
claim that these kinds of films are thermally stable upO@-400°C.
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