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We wish to report the first successful electrochemical synthesis 60 -
of conducting polymers (CPs), specifically, polypyrrole (PPy) and
polyaniline (PAn), in supercritical carbon dioxide (scg§Csuper- 40 -
critical fluids (SCFs), such as supercritical &@re practical green
alternatives to the harsh and environmentally hazardous solvents 20
traditionally used in conducting polymer synthesis such as sulfuric
acid or acetonitrilé. The conducting polymers synthesized in sgCO 0 -
were characterized with cyclic voltammetry (CV), four-point probe
conductivity, scanning electron microscopy (SEM), and-tiNs 20 4
spectroscopy. Preliminary data suggest that se§@thesized
polypyrrole exhibits uniquely different morphological properties -40 , . ' ‘

and high con_ductlv_lty compared to those of polypyrrok_e synthesized 600 -100 400 900 1400
electrochemically in agueous and nonagqueous media.
CPs have recently been chemically synthesized in supercritical mV vs. QRE
fluids.2 Electrochemistry in supercritical fluids to date has been Figure 1. First 40 scans in the electropolymerization of pyrrole at ITO in
restricted to the study of simple redox systems such as ferrgcéne. ~ SCCQ: Conditions: 1400 psi, 50C, 0.16 M pyrrole/0.16 M TBAPF13.1
The present study is the first using scC@s a solvent in ﬁc{))l()f;cségg&cl:,sscfﬁr; rate 100 mV/s. Arrow denotes increase of current
electrochemical synthesis. PPy and PAn have recently received '
much attention for their use as corrosion inhibitb?$ree-standing 100 -
conductive membrané&s?and in microelectronic devicés?Their
electrochemical synthesis is well document&d?
The CPs were synthesized by repeated potential cycling of 0.16 40 - X
M pyrrole in scCQ at ca. 2 mmx 5 mm rectangular indium tin <
oxide (ITO) glass electrodes (Delta Technologless 4—8 Q) in 20 4
a 4.5 cnd stainless steel cell (see Supporting Information). The
scCQ contained 0.011 mol of acetonitrile as modifier and %.2
10~4 mol of tetrabutylammonium hexafluorophosphate (TBAPF -80 . . )
as electrolyte. The cell itself served as both counter and reference -600 -200 200 600
electrode’® Figure 1 shows a representative CV for the electro- mV vs. Ag/AgCl
polymerization of 0.16 M pyrrole !n SCCLAL 100 mV/s. Figure 2 Figure 2. CV of scCQ synthesized polypyrrole/ITOni 1 M H,SOs.
shows the voltammogram obtalngd aﬂer_ the PPy-coated ITO Conditions: PPy-coated ITO working electrode, platinum mesh counter
electrode was removed from cell, rinsed with acetone, methanol, electrode, Ag/AgCI (3 M NaCl) reference, scan rate 100 mV/s. Arrow
and deionized water, and placed & 1 M H,SO, solution. The indicates direction of scan.
appearance of the CV is comparable to that of PPy/ITO films
prepared electrochemically in aqueous solutiolf.PAn has also scCQ-synthesized PPy exhibits a markedly different surface
been successfully electrochemically synthesized in sc€@Qure morphology consisting of small, raised granular PPy nodules<0.5
3 shows the characteristic signature for a PAn/ITO electrode, which 3.0 um) on a flat, continuous PPy surface (0.1670.08 um,
has been removed from the supercritical fluid cell, rinsed with average thickness,= 10). This is in contrast to the characteristic
acetone, methanol, and deionized water, and platadliMHCI/1 wrinkled texture of PPy typically observed in films synthesized in
M NaClI*3-15 solution. nonaqueous solutiof$24 The morphological characteristics ex-
Four-point probe conductivity measurements (Lucas Signatone hibited by SCF-synthesized PPy may be advantageous in anti-
S-301-4) of scC@synthesized PPy yielded a conductivity of 4.4 corrosion? dielectric?® and optical applications.
+ 2.0 S/cm ( = 16). The conductivity is comparable to that of Additional evidence for the successful synthesis of PPy and PAn
PPy electrochemically synthesized in nonaqueous and aqueousn scCQ was provided by UV-vis spectroscopy. The UWvis
media?? spectra for scC@synthesized PPy/ITO and PAn/ITO films exhib-
Figure 4 shows scanning electron micrographs (JEOL JSM 3220) ited the characteristic polaron transitions at#2%and 450 nn?&0
for PPy/ITO films synthesized in scGCand acetonitrile. The respectively.
* To whom correspondence should be addressed. E-mail: p.mabrouk@neu.edu., In Summary’ VYe have Showr_] that electrochemical pOIyme“Z_atlon
Fax: 617-373-8795. in scCQ is a viable alternative approach for the synthesis of
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