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INTRODUCTION

Interface arising at the contact between two immniiscible electrolytes is of
fundamental interest to electrochemistry in basic research as well as to scientists in
applied fields, namely to analytical chemists developing new sensors. The interface
also has, however, a significant potential in relation to the studies on membrane
models.

Primarily, an interface between immiscible oil/water phase, can be visualized
as one '"layer" of the '"double-layer" biological membrane. (Figure 1). A
sophisticated, well conceived experiment can thus be designed to further knowledge
about processes on biological membranes.
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Figure 1

RESEARCH OBJECTIVES

Various electrochemical methods, including hybrid electrochemical optical
techniques allow us to study kinetics on the interface, adsorption processes, transfer
across the interface and the structure of the interfacial double layer.

The results are then in turn extrapolated and applied to the behavior on more
complicated structures such as membranes. In this project, the following problems
are especially investigated:




> The effects of biologically active materials on simple ion transfer
kinetics

> Potential sensitive fluorescence dyes in liquid/liquid electrochemistry

> Properties of a microinterface formed between two immiscible
electrolytes.

PROGRESS DURING LAST YEAR
1. Effect of protein adsorption on impedance of water/nitrobenzene interface.

A solvent system used in our experiment was water/nitrobenzene, with LiCl as
a supporting electrolyte for aqueous phase and tetrabutylammonium
tetraphenylborate (TBATPB) as a supporting electrolyte for the nonaqueous phase.
The concentrations used were between 0.02 and 0.1 mol/l, same in both solvents. An
impedance of the system was measured between 1 Hz and 65 kHz, with 12 data points
per frequency decade.

A water soluble protein bovine serum albumin (BSA) has been added to
aqueous phase to study its adsorption effect on the liquid/liquid interface. The
imtpedance measurements were performed at the analytical concentration of the
protein in the aqueous phase (discounting adsorption) between 0.5 to 100 ppm, with
particular emphasis on lower concentrations. The reason for that is, that the results
at the low concentrations show nonmonotonous impedance as a function of protein
concentration.

In particular, a local minimum in impedance (corresponding to maximum
capacitance) is observed around 5 ppm of protein. This concentration corresponds to
a monolayer formation at the interface. Bias DC potential of different values was
applied on the interface while measuring impedance properties of the system to
obtain information on potential of zero charge. The results are qualitatively similar
to the findings of Wandlowski et al. ( T. Wandlowski, S. Racinsky, V. Marecek and
Z. Samec, J. Electroanal. Chem. 227, 281 (1987); T. Wandlowski, V. Maretek and Z.
Samec, J. Electroanal. Chem. 242, 277 (1988)), who performed similar types of
measurements on phosphatidylcholine adsorption. Their interpretation of data seems
to be, however, incorrect (a frequency dependent capacitance), thus we are currently
working on an impedance model that will enable rigorous interpretation of our
impedance data as well as the data reported by Wandlowski et al. An effort to
determine appropriate equivalent circuit wiring using a newly acquired software is
under way.

2. Potentiometric investigation of fluorescent dye partitioning between two
immiscible liquids.

The study has provided a complete information on potential response of a
liquid/liquid interface with base electrolytes in the presence of oxacyanine dye cation
over several orders of magnitude in the dye concentration and water/solvent volume
ratio. The work which originally started as a study of the dye applicability in
fluorescence indication of potential differences yielded results (both theoretical and
experimental) applicable to any potentiometric study on liquid/liquid interface. In
particular, the computer simulation explains super—nernstian response of the system,
which is sometimes observed experimentally; a phenomenon not entirely obvious to a




casual observer. From the partition coefficient measurements thermodynamic data
(Gibbs energies of transfer) were obtained for a series of the dyes.

In potentiometric measurements on liquid/liquid interface it is quite usual to
assume just a simple relationship between potential and activity of electroactive
species ¢ which partitions between the two phases.

E=E"+%I“wlnai (1)

It is often assumed that the prerequisites for other ions not to participate in the
potential determining equilibrium are fulfilled. It seems, however, that in reality this
is not always the case. We have shown both experimentally and through a numerical
invdel that other factors such as base electrolyte concentrations, volumes of the two
phases and impurities influence the potential.

The effects are best depicted in three—dimensional plots. Figure 2 shows
calculated effect of the water/nonaqueous solvent ratio on potential of an interface
containing an oxacyanine cation. All calculations were based on a system containing
0.01 mol/I LiCl in water and tetrabutylammonium tetraphenylborate in nitrobenzene.
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Figure 2

Theoretical effect of the water/nitrobenzene volume ratio on the
potential — dye concentration relationship. The axes are x: logarithm
of DiOCy(3) concentration; y: logarithm of ratio of water volume to
nitrobenzene volume; z: calculated interfacial potential.

In the range of the dye ion concentrations from 1073 to 1079 mol/l and
roughly 1:1 volume ratio (a typical experimental situation), the slope of potential vs.




logarithm of concentration is 55 mV/decade. This linear value is different from the
intuitively expected and by equation (1) predicted 59 mV. This difference is easy to
understand, though. An increase in concentration in one phase will be followed by a
subsequent repartitioning of all the ions present. Since repartitioning is aiding the
interfacial potential to maintain the interfacial equilibriums, less than the 59 mV

change is needed.

Figure 3 shows the effect of an impurity in the system on the potential of a
system described previously (Figure 2). Impurity of the chosen properities (potential
of transfer —100 mV for cation, +100 mV for anion) has little effect except at dye

concentrations below 10™ mol /1 and water/nitrobenzene ratio between 0.1 and 100.
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Influence of an electroactive impurity on the slope of the potential -
dye concentration curve. z: difference between interfacial potential

with and without an impurity.
Repeated calculations with other parameters make it possible to calculate
effects of other known or assumed impurities and also known to be present, but quite

often neglected, ions such as HT from water. Calculations and experiments show
that pH will not affect the potential measurement if the pH is between 4—7. This is

an important finding as the use of any buffer is usually undesirable since it
complicates the partition on the interface.

3. Frozen Interface

A new system consisting of a cooled system in which one of the phases
becomes solid has been tested. The goal of the experiment is to compare the response




of a liquid/liquid system and a liquid/ice system and from the difference in the data
(impedance, cyclic voltammetry) separate the interfacial property of the two adjacent
double—layers. Frozen electrolytes retain enough conductivity to allow impedance
measurements, although cyclic voltammetry on the system is difficult to perform.
The problem is in the low compliance voltage of the potentiostat, which often reaches
saturation. Thus, the impedance spectroscopy studies are very suitable for our
purpose. The newly acquired impedance analysis software is currently being applied
for this study as well.

4. Micreinterface

Experiment aimed towards utilization of a small interface (as in the tip of a
capillary) are currently under way. The findings show that a small size liquid/liquid
interface can be formed and subsequently studied by the techumigues applicable to
"ultra—micro—electrodes” (< 25 pm diameter). The main obstacle in the precent
work is a lack of reproducibility. It is clearly traceable to a position of the interface
within the capillary but the position, being potential dependent, is difficult to
maintain. The ultimate goal of this work will be to develop a technique for the
modeling of membrane channels.

In addition to a single micro—interface, an ensemble of such interfaces is
studied on a Nuclepore membrane. One advantage is to be able to deal with
relatively short pores, given by a thickness of the film, which is much smaller than
the channel afforded through pulling of a capillary in flame. Two measuring
techniques are being used for the system evaluation — impedance measurements and
cyclic voltammetry of the membrane or microinterface.
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BT

" ©orY
Ns—\g_(;\‘bi

Ll

y - .~ Iy -
L LTORIYY PO
e e e
RS NN A |
1 N -
0 LS i "'j
v - i

t




DISTRIBUTION LIST FOR REPORTS

ONR MEMBRANE ELECTROCHEMISTRY PROGRAM

Dr. Martin Blank

Department of Physiology

Columbia University College
of Physicians and Surgeons

630 W. 168th Street

New York, NY 10032

Dr. William E. Brownell
Department of Otolaryngology-HNS
Johns Hopkins University

School of Medicine
720 Rutland Avenue
Baltimore, MD 21205

Dr. Marco Colombini
Department of Zoology
University of Maryland
College Park, MD 20742

Dr. Michael A. Cusanovich
Department of Biochemistry
University of Arizona
Tuscon, AZ 85721

Dr. D. W. Deamer
Department of Zoology
University of California
Davis, CA 95616

Dr. Edward A. Dratz
Department of Chemistry
Montana State University
Bozeman, MT 59717

Dr. Harvey M. Fishman

Department of Physiology and
Biophysics

University of Texas Medical Branch

Galveston, TX 77550

Dr. Sol M. Gruner
Department of Physics
Jadwin Hall

Princeton University
P. 0. Box 708
Princeton, NJ 08544

Dr. Felix T. Hong
Department of Physiology
Wayne State University
540 E. Canfield Avenue
Detroit, MI 48201

Dr. Huey W. Huang
Department of Physics
Rice University
Houston, TX 77251

Dr. Israel R. Miller

Department of Membrane Research
The Weizmann Institute of Science
Rehovot 76100

ISRAEL

Dr. V. Adrian Parsegian
Laboratory of Chemical Biology,
NIADDK

Room 9N-307

Building 10

Bethesda, MD 20892

Dr. Davis S. Perlin

Department of Biochemistry
Public Health Research Institute
455 First Avenue

New York, NY 10016

Dr. H. Gilbert Smith

EG & G Mason Research Institute
57 Union Street

Worcester, MA 01608

Dr. Michael E. Starzak
Department of Chemistry
State University of New York
Binghamton, NY 13901

Dr. H. Ti Tien

Department of Physiology
Membrane Biophysics Laboratory
Michigan State University
East Lansing, MI 48824

Dr. Tian Y. Tsong
Department of Biological Chemistry
Johns Hopkins University
School of Medicine
725 N. Wolfe Street
Baltimore, MD 21205

Dr. Peter Vanysek
Department of Chemistry
Northern I11inois University
De Kalb, IL 60115




ONR MEMBRANE ELECTRCCHEMISTRY PROGRAM

Dr. Howard Wachtel

Dept. of Electrical & Computer Eng.
University of Colorado

Campus Box 425

Boulder, CC 80309

Dr. James C. Weaver

Div. Health Scierces & Technology
Room 20A-128 _
Massachusetts Institute of Tech.
Cambridge, MA 20742

Dr. George S. VWilson
Department of Chemistry
University of Kansas
Lawrence, KS 6604t




® Annual Final and Technical Reports

ADMINISTRATORS

Dr. Igor Vodyanoy, Code 1141SB (2 copies) Dr. Robert J. Nowak, Code 1113ES

Scientific Officer, Biophysics
Office of Naval Research

800 N. Quincy Street
Arlington, VA 22217-5000

Scientific Officer, Electrochemical
Office of Naval Research

800 N. Quincy Street

Arlington, VA 22217-5000

Administrator (2 copies) (Enclose DTIC Form 50) Program Manager

Defense Technical Information Center

Building 5, Cameron Station
Alexandria, VA 22314

Administrative Contracting Officer
OMR Resident Representative

Biological/Human Factors Divicion
Code 125 ,

Office of Naval Research

800 N. Quincy Street

Arlington, VA 22217-5000

(address varies - obtain from contract or Program Manager Defense Technical

your business office)

Support Technolegy Directorate
Office of Naval Technology, Code 223
800 N. Quincy Street

Arlington, VA 22217-5000

Annual and Final Reports Only (one copy each)

DoD ACTIVITIES

Commander Directorate of Life Sciences
Chemical and Biological Sciences Division Air Force Office of Scientific
Research Army Research Office, P. 0. Box 1221 Bolling Air Force Base Research

Research Triangle Park, NC 27709

Head

Riomolecular Engineering Branch
Code 6190

Naval Research Laboratory
Washington, DC 20375

Washington, DC 20332




