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Abstract:
Two new electronic analytical instruments were constructed from integrated circuits for use in the
voltammetric experiments. The first instrument was a programmable waveform generator that included
analog derivatives of the current-voltage curves. The output capabilities of this versatile waveform
generator are single and multiple triangular waves, sawtooth waves, ramps with variable holds, and
combinations of these modes.

The second instrument was specifically designed to provide a voltage ramp that is controlled by the
electrochemical behavior of the electroactive sample. This apparatus causes a temporary interruption in
the voltage sweep being applied to the electrochemical cell when a reduction peak is detected. The
interrupted-sweep instrumentation is particularly advantageous in obtaining reproducible voltammetric
data for multi-reducible compounds that display overlapping reduction peaks. For example, the
reduction potential reproducibility was typically ±5 mV. This particular instrument has a theoretical
resolution of 43 mV for overlapping reduction peaks, and experimentally, reduction peaks separated by
less than 60 mV were resolved.

Characteristic voltammetric "fingerprints" were obtained for the aromatic chlorinated compounds
including the 12 chlorinated benzenes (PCΦ), 32 chlorinated biphenyls (PCB), 38 chlorinated
naphthalenes (PCN), and certain organochlorine pesticides. Over 100 chlorinated hydrocarbons were
analyzed with the interrupted-sweep technique, and only six of these compounds could not be
positively identified.

The electrochemical reduction behaviors of the 12 PCΦ and the 19 PCB with chlorine atoms on one
ring were thoroughly examined with interrupted-sweep voltammetry, controlled-potential electrolysis,
and controlled-potential coulometry. The results of these experiments were used to predict the cathodic
reduction pathways for these PCΦ and PCB.

The organochlorine pesticides investigated were dieldrin, aldrin, endrin, heptachlor, lindane, cis- and
trans-chlordane, oxychlordane, chlordene, dichlorochlordene, 2,4-D, and 10 members of the DDT
family. The voltammetric reduction potentials for the DDT series of compounds were used to propose
cathodic reduction pathways for these aromatic chloroethanes and chloroethylenes. The voltammetric
"fingerprints" were even distinctive for dieldrin and its stereoisomer, endrin, and cis- and
trans-chlordane.

A reduction mechanism was formulated for the voltammetric cleavage of the carbon-chlorine bond that
differs from the currently accepted radical mechanism. The experimental and theoretical results suggest
that the initial electron transfer step yields a radical anion (R0-Cl) which subsequently either adds a
second electron to form the dianion (R^=), or protonates to form a radical which then adds a second
electron. The final reduction products, RH and Cl^- , are the same irregardless of the intermediate
pathways. 
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