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Abstract: It is essential to put individual, free-standing nanowires onto insulating substrates and integrate
them to useful devices. Here we report a strategy for fabrication of conducting polymer nanowires on
thermally oxidized Si surfaces by use of DNA as templates. The direct use of stretched and immobilized
DNA strands as templates avoids the agglomeration of DNA caused by shielding of charges on DNA when
polyaniline/DNA complexes formed in solution. Most importantly, the oriented DNA strands immobilized
on the Si surface predetermine the position and the orientation of the nanowires. The approach described
here is the first step toward uniting the programmable-assembly ability of DNA with the unique electronic
properties of conducting polymers for high-density functional nanodevices. The conductivity of the nanowires
is very sensitive to the proton doping—undoping process, suggesting that the nanowires hold great promise
for sensitive chemical sensor applications.

Introduction able aggregated structures when they are released from the
template. Isolated 10-nm polypyrrole nanowire arrays have been
electropolymerized by use of step-edge defects on highly
oriented pyrolytic graphite (HOPG) as templates, but transferring
the nanowires to an insulating substrate has not been successful
yet3 Well-defined conducting polymer nanowires have been
created on semiconducting and insulating surfaces with dip pen
nanolithography. This method cannot be used for high-
throughput applications due to the slow nature of the scanning

electronic devices. Furthermore, the conductivity of these ma- . . . .
. - . i probe microscopy (SPM) technique. Developing a reliable and
terials can be controlled chemically, making conducting polymer . LT o
scalable strategy for integrating individual nanoscale building

nanowires also promising sensing materials for ultrasensitive, ' blocks 1o functional devices with high density is the principal
trace-level biological and chemical nanosensors. Despite recentChallen o facin the next eneratlon%f nano délwce de\?elo rﬁent
advanced; > a functional nanodevice that uses individual con- 9 9 9 P

ducting polymer nanowires has not yet been developed. This iSPromls!ng approa}che_s have belesn advanced _that exploit the
largely due to the lack of an efficient method for producing propert_u_es of cg_rtaln biomoleculés: DNA’. due to its excel_lel_wt
nanowires that are compatible with practical aspects of device recognition .ab'l'ty’ has beerllsassembled into rather sophisticated
fabrication and the lack of a robust technique for integrating and ’!oredeggned networks:2It has also been usgd as smart
nanowires into functioning circuits glue” to guide the self-assembly of nanostructures into functional
To date, conducting polymer na.nowires were obtained pri- circuits16.17 Unfortunately, the absence of reasonable conductiv-

o . I . 4
marily with porous membrane as templates. In this approach, ity in native DNA molecules (still in a vigorous debaley

the dimension and the morphology of the polymer structures (6) Service, R. FScience2002 298 2322-2323.

(7) Nlemeyer C. MAngew. Chem., Int. EQ001, 40, 4128-4158.
are defined by the porous support. Polyaniline nanowires with (g) 1z "Chung, S.-W.; Nam, J.-M.; Ginger, D. S.; Mirkin, C. Angew.

3-nm diameter and polypyrrole nanowires of 30-nm diameter Chem-' Int, 42003 42, 2306-2309.
. . (9) Braun, E.; Eichen, Y.; Sivan, U.; Ben-Yoseph,N&ature1998 391, 775~
have been successfully fabricated by this methbHowever, 778.

h lvmer nanowires m r r may form un ir- (10) Keren, K.; Krueger, M.; Gilad, R.; Ben-Yoseph, G.; Sivan, U.; Braun, E.
the polymer nanowires may be destroyed or may form undes Seioncedto2 200 Torte

Like conventional silicon semiconductors, the electrical
conductivity of conducting polymer materials can be reversibly
controlled over many orders of magnitude. Certain conducting
polymeric materials, for example, polyaniline, also have me-
chanical flexibility and environmental stability, which make the
conducting polymer nanowires an ideal choice as building blocks
of active circuit elements for the future ultraminiaturized nano-

11) Richter, JPhysica E2003 16, 157-173.
(1) Cai, Z.; Lei, J.; Liang, W.; Menon, V.; Martin, C. Rhem. Mater1991, (12) Djalali, R.; Chen, Y. F.; Matsui, Hl. Am. Chem. So2003 125, 5873~
3, 960-967. 5879.
(2) Wu, C.-G.; Bein, T.Sciencel994 264, 1757-1759. (13) Gyavary, E. S.; O'Riordan, A.; Quinn, A. J.; Redmond, G.; Pum, D.; Sleytr,
(3) Noll, J. D.; Nicholson, M. A.; Vanpatten, P. G.; Chung, C. W.; Myrick, U. B. Nano Lett.2003 3, 315-319.
M. L. J. Electrochem. So0d.998 145 3320-3328. (14) Seeman, N. CAcc. Chem. Red.997 30, 357—363.

(4) MacDiarmid, A. G.; Jones, W. E.; Norris, I. D.; Gao, J.; Johnson, A. T., (15) Seeman, N. QNature2003 421, 427-431.
Jr.; Pinto, N. J.; Hone, J.; Han, B.; Ko, F. K.; Okuzaki, H.; Llaguno, M.  (16) Williams, K. A.; Veenhuizen, P. T. M.; de la Torre, B. G.; Eritja, R.; Dekker,

Synth. Met2001, 119, 27-30. C. Nature2002 420, 761.
(5) Maynor, B. W.; Filocamo, S. F.; Grinstaff, M. W.; Liu, J. Am. Chem. (17) Mbindyo, J. K. N.; Reiss, B. D.; Martin, B. R.; Keating, C. D.; Natan, M.
So0c.2002 124, 522-523. J.; Mallouk, T. E.Adv. Mater. 2001, 13, 249-254.
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Figure 1. Fabrication of a polyaniline nanowire immobilized on a Si surface with stretched double-stranded DNA as a guiding template.
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prevents their direct use in electrical circuits. One strategy to To minimize branching, Samuelson and co-workedsveloped
confer electrical conductivity to DNA molecules is to deposit polyelectrolyte-assisted polymerization of aniline. The poly-
metals along the DNA strandg%2528 Metal wires conduct  electrolyte acts as a template upon which the aniline monomers
electricity, but their conductance is not controllable, which preferentially align and form a complex that leads to mostly
restricts the application of metal/DNA nanostructures as active para-directed synthesis, promoting extended conjugation of the
circuit elements. In this paper, we grasuntrollableelectrical resulting polyaniline chains with limited parasitic branching.
conductivity along individual DNA molecules by coating a thin  Using this method, they have fabricated water-soluble, high
layer of conducting polymer, polyaniline, along the DNA strands molecular weight polyaniline complexes. They have also used
immobilized on a silicon chip. DNA as a template to produce water-soluble DNA/polyaniline
Polyaniline is commonly synthesized by oxidizing aniline complexes?in which the polyaniline was wrapped around the
monomer either electrochemically or chemic&li§Pin a strong DNA matrix, and it could control reversibly the secondary
acid environment, required to initiate the polymerization reac- structure of DNA in solution. However, after immobilization
tion. The harsh condition precludes the use of delicate biological- of the polyaniline/DNA complex by a freeze-drying method onto
based materials as templates. It has been reported that the freshly cleaved mica substrate, scanning probe and electron
horseradish peroxidase (HRP) enzymatic appr&aishenvi- microscopic studies indicated that the formation of polyaniline
ronmentally benign. The mild reaction conditions involved in causes the DNApolyaniline strands to agglomerafewhich
the synthesis provide opportunities for the use of biological is not suitable for electronics. The possible reason that was
polyelectrolytes, such as DNA, as templates. It was found, reported is due to the concomitant shielding of charges on the
however, that the products from the HRP enzymatic approach phosphate groups of the DNA with the formation of polyaniline
are typically a mixture of at least two structurally different types on the DNA templates. This shielding reduces the electrostatic
of polyanilines®233 The first is ortho- and para-substituted repulsion between successive phosphate groups of DNA, leading
carbon-carbon and carbennitrogen bond structures, and the to the formation of the overwound polymorgh-However, DNA
second is a benzenocidjuionoid (head-to-tail), which is the  agglomeration was not a problem in recent reports of DNA
desired structure for higher conductivity. The presence of the templates used to fabricate metal nanowires and to assemble
highly branched ortho- and para- substituted polyaniline in the gold nanoparticle$?2”
first type severely limits the degree of conjugation and hence In this paper, we describe our success in fabricating polya-
the electrical and optical property of the resulting polymers. niline nanowire arrays on Si substrates by using fully stretched
DNA as growing templates while applying the gentle HRP
enzymatic polymerization approach.

(18) Okahata, Y.; Kobayashi, T.; Tanaka, K.; Shimonura]JMAm. Chem. Soc.
1998 120 6165-6166.
(19) Kasumov, A. Yu.; Kociak, M.; Gueron, S.; Reulet, B.; Volkov, V. T;

Klinov, D. V.; Bouchiat, H.Science2001, 291, 280-282. Experimental Section
(20) Fink, H. W.; Schone_nberger, Glature 1999 398 407-410.
(21) g??éég]ésm Bezryadin, A.; De Vries, S.; Dekker, Rature 200Q 403 The principle of the nanowire fabrication method is sketched in
(22) Cai, L. T.; Tabata, H.; Kawai, Appl. Phys. Lett200Q 77, 3105-3106. Figure 1. First, double-strandettDNA is stretched, aligned, and
(23) JRaSkitir)l(, A'leli%hP'; PspaIC_iopozucl)%si gé; Iég%ﬁréé;gwdeneev, A.S.; Lee, immobilized on a thermally oxidized Si chip by the molecular combing
. S.; Xu, J. MPhys. Re. Lett. X . 7,38 i i ili
(24) de Pablo, P. J.; Moreno-Herrero, F.; Colchero, J.; Herrero, J. G.; Herrero, method? The_n the DNA tgmplates are I_nCUbated_l_n protonated aniline
P.; Baro, A. M.; Ordejon, P.; Soler, J. M.; Artacho, Ehys. Re. Lett. monomer solution to emulsify and organize the aniline monomers along
200Q 85, 4992-4995. the DNA chains. Finally, the aligned aniline monomers are polymerized

(25) Ford, W. E.; Harnack, O.; Yasuda, A.; Wessels, JAd.. Mater. 2001,
13, 1793-1797.

(26) Monson, C. F.; Woolley, A. TNano Lett.2003 3, 359-363. (34) Liu, W.; Kumar, J.; Tripathy, S.; Senecal, K. J.; Samuelson]).LAm.
(27) Warner, M. G.; Hutchison, J. Bat. Mater.2003 2, 272-277. Chem. Soc1999 121, 71-78.
(28) Mertig, M.; Ciacchi, L. C.; Pompe, WNano Lett.2002 2, 841-844. (35) Nagarajan, R.; Liu, W.; Kumar, J.; Tripathy, S. K.; Bruno, F. F.; Samuelson,
(29) Verghese, M. M.; Ramanathan, K.; Ashraf, S. M.; Kamalasanan, M. N; L. A. Macromolecule2001, 34, 3921-3927.

Malhotra, B. D.Chem. Mater1996 8, 822-824. (36) Nagarajan, R.; Roy, S.; Kumar, J.; Tripathy, S. K.; Dolukhanyan, T.; Sung,
(30) Liu, H.; Freund, M. SMacromolecules997, 30, 5660-5665. C.; Bruno, F.; Samuelson, L. A. Macromol. Sci-Pure Appl. Chen2001,
(31) Ryu, K.; McEldoon, J. P.; Pokora, A. R.; Cyrus, W.; Dordick, J. S. A38 1519-1537.

Biotechnol. Bioeng1993 42, 807—814. (37) Bensimon, A.; Simon, A.; Chiffaudel, A.; Croquette, V.; Heslot, F.;
(32) Akkara, J. A.; Senecal, K. J.; Kaplan, D.1..Polym. Sci., Part A: Polym. Bensimon, D.Sciencel994 265 2096-2098.

Chem.1991, 29, 1561-1574. (38) Nakao, H.; Hayashi, H.; Yoshino, T.; Sugiyama, S.; Otobe, K.; Ohtani, T.
(33) Akkara, J. A.; Salapu, P.; Kaplan, D. Ind. J. Chem1992 31B, 855. Nano Lett.2002 2, 475-479.
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enzymatically by adding horseradish peroxidase (HRP) ax@} Buc-
cessively to form polyaniline/DNA nanowires.

DNA Alignment. The thermally oxidized Si substrate was modified
with (aminopropyl)triethoxysilane (APTESY;a vapor-phase method
was used to provide a good adhesion between DNA strands and the
substrate surface. A 2L drop of 2-DNA (48 500 bp, New England
Biolabs Inc.) solution in TE buffer (10 mM Tris-HCl and 1 mM EDTA,
pH = 8.0) was deposited onto the edge of a clean glass coverslip, and
carefully placed onto the top of the APTES-modified Si surface. The
weight of the glass forced the solution to spread into a thin layer. When

. ) I o m
the cover glass was slid away, the capillary force of the moving interface s.
stretched and aligned the DNA in one direction. -

Fabrication of Polyaniline Nanowires. Fabricating polyaniline
nanowires was accomplished in three steps. First, the DNA templatesq
were incubated in the aniline monomer solution (19 mM, pHt.0

adjusted by 0.1 M HCI). The electrostatic interaction between the 8-
protonated aniline and the phosphate groups in the DNA chains emuI-S., i )
sified and organized the aniline monomers along the DNA ctiffs.  * 9 °ex 040 060 pm o 0.25 0.50pM

Next, free aniline monomers were removed by washing carefully with Figure 2. Tapping-mode AFM images of stretched DNA immobilized on
monomer-free electrolyte solution. Finally, the aligned aniline mono- an oxidized Si surface premodified with APTES. (a) Before polymerization;
mers were polymerized enzymatically in the same solution by adding (P) cross-section of a DNA chain, indicated by arrows; (c) after polymer-
horseradish peroxidase (HRP, 0.80 mM in 0.1 M R, pH = ization; (d) cross-section of the wire indicated by arrows.

4.7) and HO; successively® To avoid the inhibition of HRP due to
excess HO,, diluted HO- (3.5 mM) was added in three drops (2b)
spaced 10 min apart. After the addition of®3, the reaction was left

water (18.2 M2) to remove unreacted monomers and phosphate salts. S8
Horseradish peroxidase (HRP, EC 1.11.1.7) type Il (200 units/mg solid)
was purchased from Sigma Chemical Co. Aniline (99.5%) was double-
distilled and kept refrigerated under nitrogen prior to use. All other
chemicals were of analytical-grade purity and were used as received
from Aldrich Chemical Co. Inc. All solutions were prepared in Nano-
pure water, which was also used to rinse and clean the sample after _ o )
Figure 3. (@) Polyaniline particles formed along the DNA strands in the

polymer.lzatlon and.before any propertles characterlgatlon. electrolyte solution of pH= 5.0. (b) Polymerization in pH= 3.2 solution
Atomic Force Microscopy Studies. Atomic force images were  resylted in incomplete coating of polyaniline along DNA strands.
obtained on a Nanoscope Il A (Digital Instruments) in tapping mode

operating in ambient air. A 12bm-long rectangular silicon cantilever/ molecules are much larger than the DNA diameter of 2 nm
tip assembly was used with a spring constant of 40 N/m, resonance yacause of the convolution effect of the blunt AFM tip.

frequency of 315352 kHz, and tip radius of 510 nm. The applied After the polymerization of aniline, the apparent height
frequency was set on the lower side of the resonance frequency. The. . ’ .
. . ) . - . increases to 0:81 nm (Figure 2c,d), much higher than that of
image is generated by the change in amplitude of the free oscillation

of the cantilever as it interacts with the sample. The height differences the bare DNA or the aniline monomer-adsorbed DNA (which

on the surface are indicated by the color code; lighter regions indicate Nas @ height not detectably different by AFM from bare DNA).
higher heights. The height increase is therefore due to the formation of a thin
Conductance MeasurementsThe conductance of the polyaniline  layer of polyaniline along the DNA templates. The heights of
nanowires was measured with a Keithley 6517 multimeter, and data the polyaniline/DNA complex nanowires are very similar in
were recorded by Yokogawa 708 oscilloscope. All the conductance independent experiments (Figure 3b), demonstrating the repro-
measurements were carried out in a sealed glass chamber with twoducibility of this approach. The nanowires follow the shape and
electrical feeds, one gas inlet, and one gas outlet. HCI anglgdises position of the DNA on the surface. Scanning probe and electron
were introdU(_:ed into the ch_amber by nitroge_n flowing through HCI or microscopy studies by Samuelson and co-woféetsave
NH.OH solutions and passing throggh a drying agent (3-A molecular indicated that the formation of polyaniline on the DNA templates
sieve) to remove any water vapor in the gas flow. in solution causes the DNA strands to agglomerate, due to the
Results and Discussion shielding of charges on the phosphate groups of the DNA. The
complication from agglomeration of DNA strands seen in
solution studies is not observed in our surface experiments.
pH Effects on Polymerization.The best wires were produced
when the polymerization was run at pH 4.0. When the pH was
raised to 5.0, we observed polyaniline particles deposited along
the DNA strands (Figure 3a) instead of continuous wires. At

AFM Characterization of Aligned DNA Strands and
Polymer Nanowires. Figure 2 shows tapping-mode AFM
images of the stretched DNA templates before and after
polyaniline polymerization. The apparent height of thBNA
is 0.3-0.4 nm (Figure 2a,b), much smaller than the expected
2-nm DNA diameter but consistent with the results of otHérs.
The discrepancy has been attributed to the deformation of DNA (39) Chaudhury, M. K.; Owen, M. J. Phys. Cheml993 97, 5722-5726.
under the AFM tip, the adhesion force between DNA and the (40) éiao, Y.; Kharitonov, A. B.; Patolsky, F.; Weizmann, Y.; Willnerdhem.

N ommun2003 1540-1541.
treated surface, the roughness of the Si surface, and most41) Lyubehenko, Y. L.; Oden, P. I.; Lampner, D.; Lindsay, S. M.; Dunker, K.
importantly, the presence of buffer salts, which increases the ,,., A Nucleic Acids Resl993 21, 1117-1123.

e . (42) Moreno-Herrero, F.; Colchero, J.; Baro, A. Mltramicroscopy2003 96,
background significantly§? The apparent widths of the DNA 167-174.
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pH 3.2, we found cases where the polymerization was incom-
plete (Figure 3b¥2 The strongly pH-dependent behavior may
be explained by the critical pH dependence of the aniline
molecules’ alignment along the DNA templates and the catalytic
activity of HRP#* Since the g, of aniline monomer is 4.6, a
pH of 4 is sufficient to protonate the aniline monomers, and
the electrostatic interaction between the positively charged
aniline monomers and the negatively charged phosphate groups
in the DNA promotes a preferential alignment of the protonated
aniline along the DNA before polymerization. In higher pH
solutions, the fraction of protonated aniline monomer was

s R

reduced, resulting in weaker net electrostatic interaction with - e

o

Figure 4. Typical TM AFM image of the polyaniline nanowires bridging

the DNA and poor organization of the aniline monomer along the electrode gaps

the template. Since HRP polymerization is known to produce
branched-chain and linear (head-to-tail) structures, the coupling 251 NH
H H 30 3
that produces branched chains may become more dominani; ¢
under these conditions, similar to enzymatic polymerization of £
aniline without a polyelectrolyte templatéln our experiment
at pH 5.0, the polyaniline nanoparticle arrays formed along DNA
templates may correspond to the parasitic branching polyaniline 51
structures. A control experiment, at pH 4.0 solution and HCI o
without DNA template, results in similar particles. T ?4 — T 6 2 4 & & 10
Although lower pH is good for better organization and head- Time (s)
to-tail polymerization, the activity of the enzyme HRP decreased Figure 5. Conductance responses of the polyaniline nanowire arrays to
quickly. 1t is reported that the optimal pH for the catalytic vapors of (a) HCI and (b) HCI followed by N
activity of HRP is about pH 6.8 The enzyme retains roughly
20% of the original activity after 20 min in pH 4.0 phosphate electrodes on a silicon substrate with a thermal oxide layer.
buffer solutions. In our experiments, para-directed polyaniline Positioning of the DNA strands between the Au electrodes was
could be effectively synthesized at pH 3.2, but HRP was quickly obtained by placing a drop of DNA solution on top of the Si
denatured and lost its activity, resulting in partial coating of circuit and then removing it with a piece of filter paper
polyaniline along the DNA strands. The choice of pH 4.0 is perpendicular to the Au electrode lines. The capillary forces
critical to provide both adequate activity of the enzyme and applied by the receding front of the evaporating DNA solution
electrostatic interaction, leading to the most para-directed align the DNA chains perpendicular to the direction of the drying

204

154

8

104

Conductance (
>
Conductance (nS)

(=]
P

Time (s)

synthesis. Samuelson and co-workef8 saw similar pH- front. We used this method instead of the sliding glass/molecular
sensitive changes in polyaniline morphology in their solution combing method to avoid destroying the gold electrodes.
studies of polyelectrolyte templates. Then polyaniline nanowire arrays with built-in electrical

The observations of the incomplete coating of polyaniline contacts were fabricated by the same procedure as described
along the DNA chains at pH 3.2 are significant because inspec-above. The chip was cleaned with Nanopure water to remove
tion of the polymerization gaps provides further evidence that unreacted aniline monomers and phosphate salts. Figure 4 shows
the polyaniline is in fact forming along the DNA strands. The a TM AFM image of the polyaniline nanowires arrays bridging
circle in Figure 3b surrounds a thin section in a wire with a one of the electrode gaps.
height (0.3-0.4 nm) that is consistent with our observations  The conductivity of the nanowires was very low (Figure 5a),
for uncoated DNA shown in Figure 2a,b. On either side of the as expected, since cleaning the chip with Nanopure water
thin span, the wire is 0:81.0 nm above the background, similar  removed the unreacted monomers and electrolyte salts, and it
to our nanowire observations of Figure 2c,d. The fact that we undoped the polyaniline nanowires since the pH of Nanopure
can detect polymer-coated and bare DNA along the same wirewater is around 7. Compared to other conducting polymers,
supports our proposition that the polymerization occurs along polyaniline is unique in that it can be reversibly doped and
the DNA template. undoped on the basis of simple acid/base chemf&taynd this

Conductance of the Polymer NanowiresTo measure the  property of polyaniline has been widely used for pH sensor
conductivity of the polyaniline nanowires, we firstimmobilized applications. In acid or doped emeraldine salt form, polyaniline
the DNA strands across an array of interdigitated gold electrodesis conductive, and in the emeraldine base or undoped form, it
with gaps of about 1..xm. The array consists of 10 pairs of is insulating. The two forms can be reversibly interconverted
by the application of acid or base as shown below.

(43) When the polymerization was run at pH 3.2, occasional complete breaks
(gaps with no polymer and no DNA) were observed in the nanowires that

we suspect arise from infrequent damage to the DNA backbone. The breaks H N HCI H H

in DNA were seen in control experiments in which the aniline polymeri- @ ‘@ Cf’ ©+© ©+

zation was skipped and the DNA templates were treated with 1 mM HCI N N’ N cr N Cr N
! H

or with 1 mM HCI and aniline monomers. The gaps are unlikely to arise NH;
from mechanical strain during the stretching and aligning process because
far fewer breaks were observed at pH 4 and 5.
(44) Liu, W,; Cholli, A. L.; Nagarajan, R.; Kumar, J.; Tripathy, S.; Bruno, F.
F.; Samuelson, LJ. Am. Chem. S0d.999 121, 11345-11355. (46) Huang, W. S.; Humphrey, B. D.; Macdiarmid, A. & Chem. Soc., Faraday
(45) Samuelson, L. AMacromolecules1998 31, 4376-4378. Trans.1986 82, 2385.
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When the wires were exposed to HCI vapor, a large current nanowire array to HCl and NHs within 1 s, 10 times faster
increase was observed (Figure 5a), which is due to the protonthan that of the polyaniline nanojunctions and 100 times faster
doping effect achieved by protonation of the imine nitrogens than the polyaniline nanofibers due to the much smaller
by HCI. The charge created along the backbone by this pro- diameters of nanowires described here.
tonation is counterbalanced by the negatively charged chloride When the same experiments were performed for DNA arrays,
counterions. The change in conductivity is brought about by no conductance change was measured. The bias voltage was
the formation of polarons that travel along the polyaniline slowly increasedd 5 V and the currents observed remained at
backboné” The conductance increase varied from device to the noise level. Our results are in agreement with the results of
device, depending on the density of the nanowires bridging the De Pablo et al?4 Dekker and co-workerg, and Braun and co-
array electrodes. workers?1%who also found the absence of electronic transport

No current increase was observed when sNihs was through DNA.
introduced since the water-cleaned polyaniline nanowires had
been undoped before the measurements. Introducingddsl
in previously HCl-doped polyaniline nanowires caused a  Polyaniline nanowire arrays on Si chips were fabricated by
decrease of the conductance to almost zero (Figure 5b) (theusing fully stretched DNA as growing templates. The pH value
initial increase and then decrease of the conductance was causegf the polymerization must be controlled around 4.0 to form
by mechanical interference when the Nghis was introduced  continuous and conductive polyaniline nanowires because the
into the chamber). The conductance drop can be attributed topH value has a significant effect on both the catalytic activity
the deprotonation of polyaniline by the Nidas. This typical  of the enzyme and the formation of alignment of aniline mono-
proton doping-undoping phenomenon further confirmed the mer along the DNA templates. Conductance measurement from
formation of polyaniline nanowire arrays and also demonstrated multiple nanowires demonstrates that the conductivity of the
the potential for sensitive gas-sensing applications of the nanowires is sensitive to acidase doping and undoping
nanowires. Huang and co-work&é°showed that polyaniline  processes, indicating potential sensing application. To probe the
nanofibers provided more sensitive detection of HCl andsNH  intrinsic electrical property of individual nanowires and reveal
vapors than the bulk materials. Tao and co-worlemscently  the correlation between property and geometrical shape, defect
reported that both the response time and sensitivity of a structures of the nanowires are underway.
polyaniline/Au nanojunction sensor exceeded those of the ) )
polyaniline nanofiber-based sensor due to the small volume of ~Acknowledgment. Support from a Rutgers University Re-

the nanojunction. The response time of our polyaniline/DNA Séarch Council Grant is gratefully acknowledged. We thank
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