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Magnetic-field-assisted assembly of metal /polymer /metal junction sensors
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We present a method to assemble Au/polyaniline/Au junctions and demonstrate a chemical sensor
application. The building blocks consist of an array of microelectrodes on a silicon chip,
microfabricated metallic bars, and a thin polyaniline layer deposited on the microelectrodes or on
the bars. The individual bars suspended in solution are placed, with the help of a magnetic field,
across the microelectrodes to form the junctions. The polyaniline layer38@ nm thick and
modified with glycine-glycine-histidine oligopeptides. Strong binding of Cto the oligopeptide is
converted into a conductance change of the junctions, allowing selective detection of trace amounts
of Cu™? ions. © 2004 American Institute of Physic§DOI: 10.1063/1.1633673

Nanostructured materials are attractive for sensor applifor various application$>~*" A key parameter is the thick-
cations because of their unique properties that promise highess of the junction, which is controlled by that of the poly-
sensitivity and fast response time. A number of sensor conmer layer. In the present experiment, the thickness of the
cepts based on nanostructures have been demonstradtedjunction is about 30 nm. This value is determined from im-
Despite these advanc¥s#the following challenges remain ages obtained with a tapping mode atomic force microscope
in many device applications based on nanostructures. Th@FM). The ability to form a thin layer is essential for elec-
first one is to find a practical way to assemble and wiretrical measurements because polyaniline is a poor conductor
individual nanostructures into a circuit. The second challeng@ear pH=7 (required for most biosensgraNe note that a
is to modify individual nanostructures with different molecu- junction of this thickness cannot be easily fabricated using
lar probes such that each one can detect a specific targeonventional lithography techniques.
species. In this letter, we present a magnetic-field-assisted In order to selectively detect different species, we have
method to assemble an array of electrically wired polymerttached an oligopeptide to the carboxylic groups of the
junctions functionalized with oligopeptides for chemical sen-poly(acrylic acig*®*® incorporated into the polyaniline thin
sor applications. This array of polymer junctions is an attraclayer during polymerization. We choose peptides because the
tive approach to building sensors to detect simultaneously aumber of peptides with different sequences is virtually
variety of chemical species. unlimited?°~??and yet different peptides can be attached to

Our sensor consists of three basic building blods:  the polymer junctions with the same procedure. By attaching
(Au/Ni/Au) metallic bars formed by thermal evaporation anddifferent peptides to the bars, it is possible to form, on the
suspended in aqueous solutid@) an array of parallel mi- same chip, many polymer-based junctions that selectively
croelectrodes on a silicon chip, an@) a thin layer of detect different species. We demonstrate the principle using a
peptide-functionalized polyaniline deposited on the bars osimple 3-amino acid oligopetide, glycine-glycine-histidine
on the microelectrode&Fig. 1). We assemble the building (GGH)*® to selectively detect Ci up to 10 ppt.
blocks into a sensor by exposing the microelectrodes to the The microelectrode array with bonding pads for external
solution containing metal bars in the presence of a magnetiglectrical connections was fabricated using conventional
field. The magnetic field lead the bars to the surface of thghotolithography. The microelectrodes are 100 nm thick Au
chip and at the same time aligns them perpendicular to the
microelectrodes, allowing each bar to bridge two microelec-

trodes. After removing the solution, the bars are immobilized "

onto the microelectrodes due to interfacial forces between

the bars and the substrate. For each bar bridging two micro- Metallic bars ; Electrodes
electrodes, two polymer junctions are formed. A single poly- -

mer junction can be simply formed by leaving one micro- Au Electrodes !

electrode free of conducting polymer to form an ohmic
contact between the bar and the microelectrode. The dimen-
sions of the metallic bars are @mXx1umx0.17 um,
which can be scaled down. SiO,
The thin conducting polymer layer sandwiched between
the microelectrodes and the bars allows us to directly convert
a chemical binding event into an electrical signal. To date, 7
many conducting polymer-based sensors have been reported

Silicon
dpresent address: Dupont CR&D, Wilmington, DE 19880. FIG. 1. Schematic diagram of the magnetic-field-assisted assembly of the
YElectronic mail: nongjian.tao@asu.edu Au/polymer/Au junctions. Top is an optical image of an actual device.
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lines 1 a 5 nmthick Cr layer deposited on oxidized silicon
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wafer (~200 nm SiQ). The width of the microelectrodes is % 501

10 um and the separation between them igu®. The Au/ 3 a0

Ni/Au bars’ suspension is prepared using the following pro- § 304
cedure. First, a thin laygrl.00 nm of aluminum “sacrificial € 5! Sppm
layer” is evaporated on a silicon wafer. A large array of bars S

is then printed on the photoresist/Al/wafer using photolithog-
raphy. After evaporating 50 nm Au, 70 nm Ni, and 50 nm Au
in sequence, the Ni layer is magnetized along the long axis
with an external magnetic field. The wafer is sonicated in
acetone for 15 min to remove excess photoresist, leaving an
array of metallic bars on the wafer. Finally, the metallic bars
are freed from the wafer by sonicating the wafer in a solution
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containing 0.1 M sodium hydroxide for 20 min and then 60
transferred into a vial containing pure water. a0]
We deposited polyaniline on the microelectrodes or bars
electrochemically using the procedure described subse- 0 20 40 60 80
quently. In the case of the bars, the deposition occurred be- Time (Sec.)
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fore lifting the bars off the Si wafer, so that only one side 0fFIG. 2. Conductance response of Au/polyaniline/Au junction to vapors of
each bar is covered with a thin polymer layer. The electrolytga) HCl and (b) butylamine.
was 0.1 MBSO, +0.5 M NaSO, (pH<0.2) containing 0.2
mM aniline and :_LS mg{mL po_(yacryhc "_"C'd' The_ potentl_al the recently reported chemical sensor based on polyaniline
was controlled with a bipotentiostat using a platinum wire as,anofibers for HCI and butylamirfe.
counter-electrode and a silver wire as quasi reference elec- Conducting polymers alone are limited both in the num-
trode. By cycling the potential betweer0.2 and 0.6 V ata per of species that can be detected and in the selectivity of
scan rate of 0.1 V/s, aniline was polymerized into polyanilinethe detection. For these reasons, many biological molecules,
with pOIy(any”C aCid as counter ions. The thickness of the such as DNA and enzymes have been attached or incorpo_
polymer layer was controlled by the number of potentialrated in polymers. In this work, we present a method to at-
cycles. For metal ion detections, we attached GGH oligopeptach oligopeptides to polyaniline. We demonstrate the prin-
tide to the mixed polymer layer via peptide bonding betweertiple using GGH, a three-amino-acid oligopeptide that binds
GGH and the carboxylic groups of pgacrylic acig. strongly and selectively to G.

We assembled the functionalized polymer junctions by  We have measured tHe-V characteristics of the GGH
placing a microelectrode chip into the vial containing metalfunctionalized polyaniline junction by exposing the junction

bars suspended in solution. A magnet was then positionetd solutions of various Cu concentrations. Figure (8

under the chip to direct the suspended bars toward the mi-
croelectrode chip. The microelectrode chip with the bars on
its surface was then rinsed with pure water while resting on a
magnet, keeping the bars to the desired orientation. Finally,
the excess solution was removed and the bars were immobi-
lized onto the microelectrodes to form Au/polymer/Au junc-
tions. The bars adhere well to the microelectrodes, so that the
junctions stay intact after repeated rinsing of the chip.

As a preliminary test, we studied the response of the
Au/polyaniline/Au junction sensor to hydrochloric acid
(HCI) and butylamine vaporgFig. 2). We should mention
that the polymer layer used for this test is free of polyacrylic
acid and oligopeptides. The current is very small before ex-
posing the junction to HCJFig. 2(a)]. After exposure to 5
ppm of HCI, the current increases immediately and reaches a
plateau in a few seconds. The current increase as a result of
exposure to HCI is due to the well-known proton doping
effect. The fast response is due to the small volumgifi
X 0.5umx30 nm) of the metal/polyaniline/metal junction,
which can be improved by further decreasing the bar dimen-
sions. We then exposed the same junction to 20 ppm buty-
lamine, which triggers an immediate current drop frdfyg.
2(b)]. The current drop can be attributed to the deprotonatio
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sponse time of our Au/polymer/Au junction sensor exceedration of C#* at —0.4 V applied bias.
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rl]:IG. 3. (@ 1=V characteristic response of GGH peptide-incorporated in

- . . polyaniline/polyacrylic acig composite junction to G ions. (b) Conduc-
of polyaniline by butylamine. Both the sensitivity and re- tance of the Au/functionalized polymer/Au junction as function of concen-
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characteristics after exposure to 10 nM?CaNi?*, Mg?™,

and PB". We found that thd -V plots are unchanged by
these ions at a rather high concentratibig. 4), which dem-
onstrates excellent selectivity of the sensor. We note that a
variety of methods have been demonstrated or proposed to
detect trace level of metal ions to date. The distinctive fea-
tures of our peptide-polymer-based sensor @redirect con-
version of an ionic binding event into an electrical sigra),
small sensing element, arf@) different ions can be detected
simultaneously using peptides with different sequences.
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