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An eledroadive film undergoing redox switching
satisfies the dedroneutrality constraint by the transfer
of counter ion and/or co-ion aaoss the film/solution
interface The prospea of exploiting this for the
controlled uptake/release of caion or anions for
therapeutic gpplications was qualitatively highlighted
by studies of redox-driven transfers of charged organic
spedes aaossthe dedroadive polymer fil m/solution
interface [1, 2, 3, 4]. To develop this for pradicd
appli cation requires aquantitative understanding of the
various thermodynamic and kinetic fadorsthat control
ion transfer.

Our godl isto understand the aompetiti on between the
oppasinganion and cation transfersfor redox switching
of a padypyrrole film exposed to a seledion of
eledrolytes containing drug and co-ions of disparate
size We eplore the ideathat the most mobile ion
initially dominates the ion transfer process (kinetic
control of the medanism for maintaining
eledroneutrality at short time scdes) and then
determine the time scde on which equilibrium is
achieved (thermodynamic control of the mechanismfor
maintaining eledroneutrality at long time scaes).
Typicd drug anions employed were sdicylate and
ampicillin, which are significantly larger than the
sodium co-ions.

The EQCM and probe bean defledion (PBD)
techniques [5, 6] are idedly suited to studying these
interfadal ion transfers (and the assciated solvent
transfer). Due to their complementary analyticd
strengths, the mbined EQCM-PBD tedhnique
(providing simultaneously recorded Q, AM and 6
responses) enables the extradion of individual anion,
caion and solvent fluxes into/out of an eledroadive
surfacefilm [7]. Here we eploit the caability to
adhieve thisin atime resolved manner for any seleced
eledrochemicd control function.

We present EQCM-PBD datafor redox-drivenion (and
solvent) transfers at polypyrrole films exposed to
aqueous slicylate and ampicilli n eledrolytes. From
these we etrad time resolved fluxes and film
population changes of anion, caion and solvent. This
is acomplished for different eledrochemicd
waveforms, includingalinea potential sweep and bah
large (full conversion) and sequential small (partial
conversion) potential steps. The manner in which these
allow one to sample diff erent regions of compasiti onal
space[8] is crucia to designing control functions that
can deliver the adive ion in a spedfied time profile.

For sdlicylate dedrolytes ©dium transfer transiently
dominates eledroneutrality within the pdypyrrolefilm,
but salicylate transfer ultimately competes effedively.
This competition shows sgnificant variation with
concentration.  For ampicilli n eledrolytes the same
issues arise, but the situation is complicated by much
larger solvent fluxes, to the extent that one must address
the possbility of film viscoelastic efeds.

Film volume onstraints are aiticd (i) in the

gravimetric regimewith respect toion dynamicsand (i)
in the viscoelastic regime through free volume control
of polymer dynamics. We have therefore used ion and
solvent fluxes to estimate the overal film volume and
theindividual spedes contributionsto this. Variations
of these with time and film charge state reved new
insights into the relationships between ion, solvent and
polymer dynamics.
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