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Research Objective: The general objective is the design and implementation of a new sensor technology
that offers the unprecedented levels of specificity needed for analysis of the complex chemical mixtures
found a DOE dites nationwide. The specific objectives are threefold: demonstration of the genera
sensor concept on a variety of model systems; development of a sensor for ferrocyanide with testing on
waste tank simulant; and development of a sensor for pertechnetate applicable to the Vadose Zone.
Research Progress and Implications. This report summarizes work after 3 %2 years on the general
development of the sensor concept with model systems and of the sensor for ferrocyanide and work after
Y year on the pertechnetate sensor.

The spectroel ectrochemical eensor embodies two modes of instrumental selectivity (electrochemical
and spectroscopic) in addition to sdective partitioning into a chemically-sdective film. The sensor
consists of a planar optical substrate/electrode coated with the selective film.  Snsing of analyte that
partitions into the film is based on the change in the attenuation of light passing through the guided wave
substrate that accompanies an electrochemica reaction of the andyte induced by eectromodulation.
Threefold selectivity for a chosen anayte relative to other environmental components is obtained by the
choice of coating materia, the electromodulation potentia's, and the wavelength for optical monitoring.

The sensor concept has been demonstrated with an indium tin oxide coated glass guided wave device
that has been over-coated with the the selective film. The following charge-sdective thin films have
been evduated: sol-gel derived PDMDAAC-SO2 composite (where PDMDAAC = poly(dimethyl
didlylammonium chloride)), sol-gedd derived Nafion-SO2 composite (where Nafion is a

perfluorosulfonated ionomer), and poly(vinyl acohol)-polyelectrolyte blend. Mode andytes that have
been used are Fe(CN) *, RU(CN)*, Ru(bipy),2* (where bipy = 2,2 —bipyridine), Re(DMPE),'* (where
DMPE = 1,2-his(dimethylphosphino)ethane), and MV** (methyl viologen dication).  Performance
characteristics such as sdlectivity, sengtivity, detection limit, response range, response time, and
reversibility have been measured for these sensors. Improvement in detection limit by ensemble
averaging a repetitive signal modulated by a potentia step or potentia scan excitation signal has been
demonstrated. The effect of different waveforms for modulation on sensor performance has been
investigated. Smaller €nsors based on optica waveguides have been fabricated and their enhanced
sengitivity demonstrated. A small portable sensor unit including a virtual interface, control eectronics
and optics has been developed. A procedure for the determination of ferrocyanide in Hanford waste tank
smulant solution (U-Plant-2, prepared at PNNL) has been devel oped.

The development of a sensor for technetium in the TcO, form that is applicable to characterizing and
monitoring the Vadose Zone and associated subsurface water at the Hanford site began 6 months ago.
The key to adapting the generic sensor concept to detect TcO, lies in the development of unique
chemistry within the chemically selective film to provide a modulated optical response.  This film is




being developed so that TcO, ™ in the sample will partition into it by electrostatic attraction. Once TcO4

is loaded into the film, it is eectrochemically converted into a Tc coordination compound that gives a

strong optical signa associated with an electrochemical reduction/oxidation process. The magnitude of

the absorbance change accompanying the electrochemica modulation of this coordination compound
will quantitate the concentration of Tc within the film, which is proportiond to the concentration of

TcO, in the sample. Research during the first 6 months has focused on studying the electrochemistry of

perrhenate, ReO,4, which is being used as a surrogate for TcO,’, and evauating suitable ligands to form

the coordination compound in the sensing film. A variety of diphosphonate- and thiol-based ligands with
previoudy demonstrated capability for coordinating with Tc have been evaluated.

30 presentations at scientific meetings have been made since the inception of the project. 14 origina
research articles have been published in scientific journals.

Planned Activities:: The genera development of the sensor concept and testing for ferrocyanide will be

finished in the next 6 months. The ferrocyanide sensor is scheduled for testing on waste tank simulant at

PNNL in April 2000. Results will be compared with a standard spectroscopic method developed by

Bryan. The search for a good ligand and a good charged polymer for the sensing film for the

pertechnetate sensor will continue for the next 6 months with the surrogate perrhenate. The best

candidates will then be tested with pertechnetate at PNNL. Presentations at the following meetings will

be made: Pittcon 2000 (5 by graduate students), spring ACS (1), ESEAC 2000 (1).
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