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Abstract

By dissolution of respective acetates and conducting polymer in dimethylformamide, homogeneous zinc acetate and cadmium acetate—
polyaniline (PANI) hybrids were synthesized and characterized by infrared spectroscopy, thermogravimetry and SEM microscopy. The infrared
spectra suggests that there are interactions between PANI and the metal cations involving both, imine and amine nitrogens in a typical Lewis
acid—base reaction. The thermogravimetric degradation profile of the synthesized hybrids resembles those exhibited by PANI samples.
© 2003 Elsevier B.V. All rights reserved.
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1. Introduction 2. Experimental

Polyaniline (PANI) is one of the most studied conduct- PANI was chemically obtained from a 0.50 mol dfso-
ing polymers, with many of its physical—-chemical properties lution of bidistilled aniline in a 1.0 moldm® HCI aque-
connected to the Bronsted acid doping proddgsit was ous solution. To the aniline solution maintained &C5
recently shown that PANI adsorbed on M¢@nd As03 was added, dropwise for 2h, 100¢rf 0.80 moldn? of
surfaces exerts remarkable effects on the redox processes diNH,4)2S,0g solution. After the complete addition of the
these oxide$2—4]. Furthermore, adsorbed PANI enhances oxidizing agent, the mixture was stirred for 10 h, until com-
the thermal stability of arsenic and iron oxidgg. Poly- plete polymerization. The final polymer was washed sev-
meric blends involving PAN[6] can be prepared by disso- eral times with bidistilled water and acetonitrile, to remove
lution of both polymers in dimethylformamide (dmf). For oligomers as well any other impurities. The PANI obtained
such blends the thermal stability is increased by increas-was then treated with a 1.0 mol drof NH4OH solution to
ing polyvinylchloride content. Taking into account the many promote deprotonation.
possible uses of PANL], the possibility of doping this con- The zinc acetate and cadmium acetate—PANI hybrids were
ducting polymer with Lewis acid speci¢s-9], and the re- synthesized by dissolution of both acetates (0.5g) and con-
markable properties of inorganic—organic hybrjd8], the ducting polymer (0.2 g) in 20 cfrof dmf. After mixing the
synthesis of transition metal salts-conducting polymer hy- solutions, 5cri of a 1.0 moldnt3® HCI aqueous solution
brids is a new field in materials science. Hence, the aim was added to promote the protonation (dopiflj) of the
of this publication is to report the synthesis, characteri- samples. The solvent was then slowly evaporated at room
zation and thermogravimetric study of zinc and cadmium temperature in a fume hood. The obtained hybrids were dried
acetates—PANI hybrids. under vacuum at room temperature for 15h.
The pure polymer and the synthesized hybrids were char-
acterized by FT-IR in a Bomem apparatus, with pressed
- _ L o KBr pellets, and thermogravimetry, in a Shimadzu TGA-50
* Present address: Instituto de i@ica, Universidade Estadual de . .
Campinas, CP 6154, 13083-970 Campinas, S&o Paulo, Brazil. appare}tus, under arg,o” atmosphere W_Ith a,heatmg rate of
Fax: 455-19-3788-3100. 5°C min—1. The SEM images were obtained in a Jeol, JSM
E-mail addressrobsonfarias@aol.com (R.F. de Farias). T-300 apparatus, using an accelerating voltage of 15kV.
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3. Results and discussion However, the shifts towards lower energy values suggests
some kind of interaction between PANI and the metal cation,
The infrared spectrum for PANI (not shown) confirms with the possible participation of both imine and amine
that PANI was synthesized in the emeraldine fg238]. As nitrogens, as observed for other doped sam@ésSim-
an illustrative example, the infrared spectra for zinc acetate ilar spectra were obtained for the cadmium acetate—PANI
and its respective hybrid with PANI are shown Fig. 1. hybrid.
In Fig. 1(b) a superimposition of acetate and conducting  Scanning electron micrographs are showirigs. 2 and
polymer bands can be observed, confirming the formation 3. As can be observed, the obtained hybrids are homo-
of a hybrid compound. The spectrum of the ZnAc—PANI geneous (at least at the micrometer level), showing that
hybrid shows some bands which could be assigned as de-a real hybrid, and not a mixture of two matrices was ob-
rived from PANI itself, at 1110, 950 and 690 cth These tained. Furthermore, the elemental analysis maps (EDX)
bands could be associated to those of free PANI at obtained for zinc and cadmium confirm that these elements
1185-1175, 1160-1180 and 780-810¢mrespectively. are homogeneously distributed in the respective hybrid
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Fig. 1. Infrared spectra for zinc acetate (a) and zinc acetate—PANI hybrid (b).
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Fig. 2. SEM micrographs for zinc acetate (a) 20and zinc acetate—PANI hybrid (b) 1000 The scale bar is in micrometers.
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Fig. 3. SEM micrographs for cadmium acetate (a) 20@nd cadmium acetate—PANI hybrid (b) 60The scale bar is in micrometers.
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Fig. 4. Thermogravimetric curves for zinc acetate (a) and zinc acetate—PANI hybrid (b).

matrices. The Zn and Cd percentages obtained from EDX the first mass loss step is due to the release of two wa-

are in good agreement with the stoichiometry withitr&% ter molecules, confirming the formula for the two com-

range. pounds: M(CHCOO)-2H0, M=Zn and Cd. The second
The thermogravimetric curves for the acetates and their mass loss is associated with the release of the organic

respective hybrids are shown Figs. 4 and 5. For zinc  moiety.

and cadmium acetatesigs. 4(a) and 5(a), respectively, The thermogravimetric curve for PANI is shownhig. 6.

two distinct mass loss steps are observed. In both casesA first mass loss step, below 10G, due to the release
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Fig. 5. Thermogravimetric curves for cadmium acetate (a) and cadmium acetate—PANI hybrid (b).

of physisorbed water molecules is observed. At 200 Comparingrigs. 4(b) and 5(b), for zinc and cadmium hy-
the release of dopant molecules is taking pl§te-13], brids, the final residue, 80 and 75%, respectively, are larger
followed by the thermal degradation of the organic back- than the observed residues for the acetates: 20 and 50%,
bone. A residue of 45%, in agreement with previously ob- respectively. The final residue, in the of the hybrids, may
tained result§11], for the thermal degradation of Brgnsted be composed of PANI and acetate individual contributions
acid doped PANI samples under inert atmospheres is ob-and/or the resulting product of some thermally activated re-
served. action(s).
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Fig. 6. Thermogravimetric curve for PANI.
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