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in piezoelectric and micro-electromechanical devices, or mo-
lecular imprinted polymers in potentiometric sensing. The 
possibility of the use of kinetic effects in chiral recognition is 
still an interesting field for investigation with potential appli-
cation e.g. in fast flow-injection measurements based on re-
cording of transient signals. 
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Integration of chemical recognition elements with solid 

state electronic devices has been subject of intense interest for 
over three decades, with some notable achievements achieved 
in electroanalytical chemistry. Initially, the �chemistry� has 
been added to more or less conventional silicon electronics 
with ensuing advantages in miniaturization, noise reduction 
and promise of multivariate analysis. That was the era of 
chemically sensitive field-effect transistors (CHEMFET), i.e. 
ion-sensitive field-effect transistors and enzymatic field-effect 
transistors. In the second phase, it has been recognized that 
modulation of electronic properties of organic semiconductors 
leads to creation of solid state work function sensors for 
gases, again based on the traditional silicon platform.  

Development of organic electronics took place almost in 
parallel. In that case silicon, as the functional material, has 
been replaced with organic semiconductors. The motivation 
for this development has been the promise of flexible and 
inexpensive electronics. What has not been recognized is that 
the physics of operation of so-called organic field-effect tran-
sistors (OFET) is fundamentally different from the physics of 
their silicon-based counterparts. In the last decade the chemi-
cally responsive OFETs  have been added to the toolbox of 
electroanalytical chemistry.   

All chemically sensitive silicon based field-effect tran-
sistors are high input impedance potentiometric sensors. In 
such case the transistor current passes only through silicon, 
which is protected from the environment by nearly ideal pas-
sivation by silicon dioxide/silicon nitride. The corollary of this 
fact is that WF of silicon does not change and the WF-FET 
sensors do not require separate reference electrode. On the other 
hand in OFETs the transistor current passes through the organic 
semiconductor, which is subject to modulation by the operating 
environment. The chemical response to gases and vapors then 
has its origin in multiple points in the device. The contacts, the 
bulk of the organic semiconductor and all interfaces can be 
involved making the interpretation of the response exceedingly 
difficult. Because of this OFETs are chemiresistors and belong 
to the class of conductimetric chemical sensors.  

PL1 
ENANTIOSELECTIVE ELECTROCHEMICAL  
SENSORS AND BIOSENSORS 
 
MAREK TROJANOWICZ 
 
Department of Chemistry, University of Warsaw, Pasteura 1, 
02-093 Warsaw, Poland 
trojan@chem.uw.edu.pl 
 

The chiral separation and selective determination of 
particular optical isomer of a given compound is a challeng-
ing task for contemporary chemical analysis. It is a problem 
of great importance for many areas of scientific research, as 
well as for various routine analytical applications. Most of 
biochemical systems functioning in living organisms involve 
chiral interactions resulting from different stereochemistry of  
numerous biologically active compounds. Reactions involving 
enzymes, functioning of transmitters and receptors, numerous 
metabolic pathways are most often stereoselective. Enanti-
omeric purity of various compounds is important in stereo-
specific synthesis, production of pharmaceuticals, pesticides 
and some food additives, where only one enantiomer may 
interact satisfactorily. 

Chiral analysis is at present predominated by high per-
formance chromatographic and electromigration methods that 
require advanced instrumentation and complex optimization 
of analytical procedures. Separations are based on the use of 
chiral stationary phases or chiral selectors, and their interac-
tions with separated species may involve multiple hydrogen 
bonds, π−π interactions, dipole-dipole and ionic interactions. 
The same interactions might be employed in design of chemi-
cal or biochemical enantioselective sensors, hence determina-
tion of particular enantiomer with the use of enantioselective 
sensor or biosensor might be a potential alternative for numer-
ous routine analytical applications might. Successful design of 
such sensors, however, is a great challenge compared e.g. to 
chromatographic methods, where separation of optical iso-
mers is a result of multiple unit operations of separation in 
each measurement.  

The search for such electrochemical sensors can be dated 
back to late 1970-ties, when enantioselectivity of some poten-
tiometric ion-selective electrodes with neutral carriers in the 
plasticized membranes was observed. Generally, however, it 
did not attract desired attention in development of electro-
chemical sensors. Compounds employed as chiral selectors in 
separation methods involve cyclodextrins, natural polysaccha-
rides and their derivatives, macrocyclic antibiotics, chiral 
crown ethers, calixarenes, proteins, chiral surfactants, and 
ligand-exchange complexes. They can be employed also as 
potential ionophores in electro-chemical sensors. As chemi-
cally active species providing  enantioselectivity of sensors 
can be also used ion-channels in ion-selective electrodes, 
enzymes for determination of substrates or inhibitors in am-
perometric biosensors, doped conducting polymers in potenti-
ometric or piezoelectric sensors, enantioselective antibodies 
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Biochemical computing is an exciting new field, which 
shows great promise, but at the same time faces substantial 
challenges. Recently designed logic gates based on enzyme-
catalyzed reactions allowed logic operations and simple com-
puting in solutions with the optical read-out of the output 
signals. 

The present paper reports on the logic gates based on 
electrically wired enzymes associated with electrode sur-
faces1. Logic gates performing Boolean operations were de-
veloped using bioelectrocatalyzed reactions of redox-enzymes 
and their assemblies with electron transfer mediators and co-
factors. The electrochemical read-out of the output signals 
from the immobilized enzyme-assemblies was achieved, thus 
converting the biochemical logic gates into real bioelectronic 
systems. The reconfigurable logic gate produced different 
logic operations �OR�, �XOR�, �AND-OR� depending on the 
potential applied on the enzyme-functionalized electrode, 
Scheme 1. Future application of multi-electrode arrays func-
tionalized with various enzyme-based logic gates is envis-
aged. This will finally result in bioelectronic computing chips 
that will interface biological and electronic systems. 

In another approach biocatalyst-modified magnetic 
nanoparticles were applied to generate electrochemically 
readable logic output signals upon applying variable magnetic 

input signals2. The logic gate operation was based on the trans-
location of the magnetic nanoparticles between conducting and 
non-conducting domains of the solid support, Scheme 2. 

The enzyme-based system can be adapted to various 
chemical signals and their combinations to perform logic 
operations of different kind and complexity by integrating 
different enzymes with the electrochemical interface. Integra-
tion of several enzymes with the electrode support will allow 
scaling up the biocomputing network where the connections 
between the enzymes will be maintained through the ex-
change of substrates/products of the biochemical reactions, 
and the final output signal will be transduced into the electri-
cal current. 
 
This research was supported by NSF grants DMR-0706209 
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Scheme 1. The electrode functionalized with glucose oxidase 
(GOx) and microperoxidase-11 (MP-11) performs various Boo-
lean logic operations (OR, XOR, AND-OR) upon addition of 
glucose and/or H2O2 and application of different potentials 

Scheme 2. Magneto-activated logic operation �AND� performed 
by the biomolecular-functionalized magnetic nanoparticles 
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Nanostructured materials represent one of the most dy-
namic areas of modern science. The interest of these systems 
is due to the remarkble and unusual properties when at least 
one dimension in the nanometer scale. Methods of fabrication 
for one-, two- and three dimensional nanostructures differ 
vastly, among which template-directed methods are usually 
used.  

Here, we report some recent progress from our labora-
tory on the preparation of noble metal nanoparticles, disks, 
sheets, spheres, and also conducting polymer nanobelts by 
simple wet chemical routes without templates. 

A heat-treatment based strategies for one-step synthesis 
of size-controlled gold and silver nanoparticles were carried 
out successfully. Large-scale and rapid synthesis of uniform 
poly (o-phenylenediamine) nanobelts was performed without 
templates and surfactants.  Large-scale preparation for 2D 
structure of single crystallines including nanoplates and mi-
crodisks of gold was realized.  Submicrometer-scale, mono-
disperse, spherical colloid of coordination polymers were 
formed in solutions.  Some microstructures, as metal nanopar-
ticles/polymer, were made through layer-by-layer assembly 
on solid substrate and in solution either, showing unique func-
tionalities.  Diameter-controlled 3D flowerlike superstructure 
of gold could be rapidly obtained by eletrochemical methods.  
Different superstructures composed of nanoparticles and poly-
mer film for solid state electrochemiluminescence using Ru
(bpy)3

2+ were prepared, exhibiting excellent ECL signal with 
high stability.  Interestingly, a general route to transfer normal 
hydrophilic cloths into superhydrophobic surfaces are pro-
posed with potential applications. 
 
The finacial support from National Natural Science Founda-
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