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1. INTRODUCTION

With the continuous development of nanotechnology, the
study of 1D nanostructured materials like nanorods,1 nano-
wires,2 nanofibers,3 and nanotubes4 has shown great interest
due to their intriguing chemical and physical properties. Among
the above 1D materials, nanofibers are found more interesting
due to their broad applications in nanodevice fabrication,5

nanoelectronics,6 and in sensing7 technology. Among the various
fabrication techniques to make fibers in the submicrometer
range, electrospinning is the simplest and easiest method to
fabricate nanofibers. The first report on electrospinning was
published by Formhals in 1934.8 During the electrospinning process,
a strong electrostatic force is applied to the capillary containing
the polymer solution. When the field strength surpasses the
surface tension of the solution, the polymer solution is ejected
from the tip. During the time-of-flight, the solvent is evaporated
and the polymer is deposited as a nonwoven fibrous mat on a
metal collector, which served as the ground for the electric
charges. The fibers are collected on a ground collector and the
process is very effective for the fabrication of different types of
polymer, polyelectrolytes, ceramics, and biopolymers, resulting
in fibers with diameters from the micrometer-to-nanometer scale
range. The intrinsic properties of electrospun fibers depend on
concentration, surface tension of the solvent, distance between
the tip of capillary tube with the ground collector, applied
voltage, humidity, and feed flow rate.

The properties of these nanofibers can be modified in a
number of different ways to increase their application diversity.
Incorporation of metal nanoparticles (NPs) into nanofibers
generated composite nanofibers having important optical, elec-
trical, and catalytic properties, where these composites find

applications as electronic components, optical detectors, chemi-
cal and biochemical sensors, and devices.3,5�10 Different types
of metal NPs such as, Au NPs,11 Ag NPs,12 Pd NPs,13 and semi-
conductor NPs14 were incorporated into the polymer matrix for
the generation of conducting nanofibers. Among these, Au NPs
have attracted increased interest by various researchers due to
their well-defined optical, magnetic, and electronic properties.
Kim et al. incorporated Au NPs into poly(ethylene oxide) (PEO)
nanofibers by the electrospinning method.15 Han et al. assembled
conductive gold films on flexibly electrospun PMMA ultrafine
fibrous mat substrate containing Au NPs.16 Li et al. deposited Au
NPs on the titania nanofibers by photocatalytic reduction of Au
salts.17 Recently, Jian-shi et al. prepared poly(N-vinylpyrrolidone)
(PVP) nanofibers containing Au NPs using the electrospin-
ning method.18 Polyacrylonitrile (PAN) fibers containing Ag
NPs were prepared by Wang et al.12 Recently, the same group
studied the incorporation of Au NPs in PVP nanofibers.19 Wang
et al. fabricated recently a composite of Au/PVP nanofiber using
electrospinning techniques.20 A few other research groups were
also engaged in synthesizing nanofibers containing either Au
or Ag NPs.21�25 The incorporation of these NPs was achieved
either by reducing metal salts into metal NPs in polymer solution
prior to electrospinning,21 or by post treatment using UV
radiation, heat, or chemical reduction of the electrospun poly-
mer/metal salt composite fibers.22�24 It was reported that metal
NPs can be synthesized on the surface of PVP fibers by taking
advantage of the binding capability of pyridyl groups to metal
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method is efficient, straightforward, reproducible, and robust. These conduc-
tive Au-PAH nanofibers can be applied for making building blocks in
nanodevices and as a sensor in sensor technology.
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ions and NPs.25 Recently, Lee et al. studied the assembly of Au
nanorods on polymeric nanofibers and proposed their applica-
tion as surface enhanced Raman scattering (SERS) studies.26

Jecobs et al. reported that the useful applications of electrospun
nanofibers requires a thorough understanding of the electrospin-
ning parameters because the material properties at the atomic
scale can be improved and modified by controlling their struc-
tural morphologies.27 Han et al. synthesized uniform poly(2-
aminothiophenol) nanofibers embedded with highly dispersed
Au NPs using a facile templateless one-step method.28

In this proposed study, we report for the first time the
synthesis of electrically conductive poly(allylamine hydro-
chloride) and gold, (Au-PAH) composite nanofibers by exploit-
ing the techniques of electrospinning and UV photoirradiation.
Initially, we fabricated PAH nanofibers having the average
diameter in 100�150 nm size range. Then, the Au NPs were
synthesized using two different approaches: First being the direct
synthesis in PAH solution; and, second, in situ deposition from
HAuCl4 solution onto the PAH fiber in the presence of UV
photoirradiation for 2 h exposure. The diameter of these fibers
can be tuned by controlling the physical parameters and the
concentration of polymer solution to be fabricated during the
electrospinning. Similarly, the deposition of Au NPs can also be
controlled by altering the concentration of HAuCl4 solution and
the UV photoirradiation exposure time. The current process is
simple, reproducible, and cost-effective. The conductive Au-PAH
nanofibers might be useful for the application of making building
blocks in nanoelectronics and as a sensor in sensor technology.

2. EXPERIMENTAL SECTION

2.1. Reagents. Polyallylamine hydrochloride (PAH), dodecyl
trimethylammonium bromide (DTAB-99%) and hydrogen
chloroauric acid (HAuCl4.3H2O) were purchased from Aldrich-
Sigma and used as received. Deionized (DI) water was used for
any type of wet chemistry and processing.
2.2. Instruments. A custom-built electrospinning setup was

used for the nanofabrication of PAH where the feed flow rate
was precisely controlled using a syringe pump purchased from
Cole-Parmer. The UV�vis absorption spectra were recorded in
an ocean-optics absorbance spectrophotometer (model num-
ber USB4000) equipped with 1 cm quartz cuvette holder for
liquid samples. The instrument offers a wide wavelength of
190�1100 nm range. Transmission electron microscopy
(TEM) analysis was performed using a Hitachi-H-9000 NAR.
The samples for TEM were prepared by placing a droplet of
fresh Au NPs solution onto carbon-coated copper grid followed
by slow evaporation of solvent at ambient conditions. The
energy dispersive spectroscopy (EDS) analysis was performed
with the same instrument having the TEM/EDS capabilities.
The field emission scanning electron microscope (FESEM)
analysis was performed using a Hitachi S-4700. FESEM studies
were performed on Si-chip coated with Au lines with a protective
oxide layer on the Si surface. The chip was cleaned thoroughly
with ethanol and piranha (30% H2O2 and 70% H2SO4) followed
by final cleaning with ethanol and acetone. The chipwas dried and
placed in Au NPs solution for 30 min to deposit Au NPs. The
XRD analysis was conducted at a scanning rate 0.020 S-1 in the 2θ
range 30�85� using a Rigeku Dmax γA X-ray diffractometer with
Cu�KR radiation (λ = 0.154178 nm). A xenon lamp source
(Newport Corp.) was used to generate UV-photoirradiations
with 260�270 nm wavelength range and were aimed at the

sample. The approximate intensity of the irradiation was 2 μW
and the distance of the sample from the light source was 12 cm.
The sample was placed over a small wooden box with a stand to
focus the light directly onto the sample.
2.3. Solution Phase Synthesis of PAH-Au NPs Using UV

Photoirradiation. An aqueous solution of PAH solution (0.1%
by weight) was prepared by dissolving in DI water and stirring for
about 10 h. A stock solution of 10�2 M chloroauric acid
(HAuCl4.3H2O) was prepared, diluted to a concentration of
1.23� 10�4 M, and kept under dark for protection against light.
In a typical synthesis, 4 mL of PAH (0.1%) solution were mixed
with 2 mL of (1.23� 10�4 M) chloroauric acid solution and the
mixture was stirred for 2�3 min using magnetic stirrer and
allowed it to equilibrate for ∼2 min. The resulting solution was
UV-irradiated continuously for 2 h. The formation of Au particles
started after 30 min of UV irradiation and the synthesis was
completed after 2 h. This was confirmed based on the visual
observation of color change, as well as UV�vis spectrum. The
color of the final Au NPs solution was reddish pink, which
remained stable for more than six months in ambient environ-
ment without a change in optical properties. The Au NPs
solution was characterized using UV�vis, TEM, EDS, and
XRD analysis.
2.4. Fabrication of PAH Nanofiber by Electrospinning

Method.An aqueous solution of poly(allylamine) hydrochloride
(PAH) (25 wt %) was prepared using DI water. Approximately
5�9 wt % of cationic surfactants, dodecyltrimethylammonium
bromide (DTAB) was added to the PAH solution. It was
reported in previous studies that surfactants (nonionic, anionic,
or cationic) have been used extensively to lower the surface
tension of aqueous solutions.29�31 The main use of DTAB in our
formulation was to lower the surface tension of PAH aqueous
solution, which was required for the fabrication of PAH fibers
and also helped to attain stable Taylor cone during electrospin-
ning. The stability of Taylor cone is important for obtaining
uniform fibrous material within controlled diameter and narrow
size range. The PAH solution was fed through a syringe at a
volumetric flow rate of 0.3 mL/h. The chip was mounted on
the collector which was placed at approximately 28 cm from the
tip of the capillary needle and the voltage in the range of 20�22
kV was applied across the needle and collector. The fibers so
produced were collected on the chip, which was mounted on the
collector. In some cases, the alignment of the fibers was
controlled using the rotating drum and is used as the collector.
PAH has been fabricated as thin layers leading to multilayer
devices for sensing applications. PVP/Au nanofibers were fabri-
cated by Wang et al.20 in a similar way. Recently, few other groups
fabricated polymer nanofibers using the techniques of layer-by-layer
electrostatic self-assembly of oppositely charged polymers.32,33 The
chemical nature of polymers and its reducing capability has been
exploited for the fabrication of nanocomposites using electro-
spinning technique. For conductivity study, PAH fibers were
collected on a specially designed Si/SiO2 chip, containing multi-
ple gold pads, which were separated from each other with varying
gaps ranging from 5 to 50 μm. The fibers collected on the chip
were baked in an oven at 130 �C for an hour under vacuum. It is
important to note that there was no significant change in fiber
morphology after baking at 130 �C. The main reason for baking
PAH nanofibers was to evaporate solvent and increase adhesion
onto the substrate. It has been reported by Kameoka et al.,34

Samuel et al.,35 and Zhao et al.36 that fibrous or layered structures
of polymers and polyelectrolytes retain their morphologies and
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electronic structure when exposed to temperatures below 140 �C
during solvent evaporation. The dried sample was then rinsed
with water and used for Au NPs deposition. Finally, the samples
were characterized using FE-SEM.The interactive drawing for the
electrospinning set up is shown in Figure 1.
2.5. In-Situ Synthesis and Deposition of Au NPs on PAH

Fiber by UV-Photoirradiation. The PAH nanofibers were
collected on a designed Si-chip containing Au lines/pads sepa-
rated by a specified gap. The gap between the two gold pads
varied from 5 to 50 μm. The chip containing the PAH nanofibers
was immersed in a solution containing 2 mL of 1.23 � 10�4 M
HAuCl4 solution and 2 mL of DI water. Then the solution
containing the chip and HAuCl4 solution were exposed directly
to the UV-photoirradiation source for 2 h continuously. After 2 h
of UV exposure, the chip was removed from the solution and
rinsed with DI water very gently and then dried. The dried chip
containing the fiber and Au NPs was characterized and tested
using FESEM and current�voltage (I�V) measurements.
2.6. Preparation of Samples for TEM, EDS, XRD, FE-SEM,

and I�V Studies. The samples for TEM and EDS analysis were
prepared by placing a drop of corresponding PAH-Au NPs
solution onto a carbon-coated Cu grid, followed by slow
evaporation of solvent at ambient conditions. For XRD analysis,
silicon (Si) wafers were used as the substrate for thin film
preparation. The wafers were cleaned thoroughly in acetone
and sonicated for about 20 min. The cleaned substrates were
covered with PAH-Au NPs solution and dried in a vacuum
chamber. After the first layer was deposited, subsequent layers
were deposited repeatedly by adding more Au NP solution and
then the samples were dried. Final samples were obtained after 8
iterations of these depositions, and then analyzed using XRD
techniques. For FE-SEM and I�V studies, the Au NPs were
directly deposited on solid substrate containing the PAH nano-
fibers using UV photoirradiation for 2 h continuously.

3. RESULTS AND DISCUSSION

3.1. UV�Vis Spectroscopic Study and Transmission Elec-
tron Microscopy (TEM) Analysis. A mixture of an aqueous

solution of PAH (0.1%) and an aqueous solution of HAuCl4
resulted in pink color Au NPs solution when irradiated with UV
light for 2 h continuously. During the synthesis of these Au NPs,
PAH plays a dual role. It serves not only as a reducing agent
during the synthesis process but also acts as a stabilizing agent
after the formation of Au particles. The detailed mechanism of
the particles formation is discussed later. Figure 2 shows the
UV�vis spectrum for the formation of PAH-Au NPs. Part A of
Figure 2 is the absorption spectrum for aqueous PAH solution
only. Part B of Figure 2 is the absorption spectra of aqueous
HAuCl4 solution, which shows an absorption band at ∼297 nm
due to metal-to-ligand charge transfer (MLCT) spectra.37 Part C
of Figure 2 represents the absorption spectrum of a mixture of
PAH andHAuCl4. It was observed that there is a shift and change

Figure 1. Schematic presentation for the electrospinning set up process.

Figure 2. UV�vis spectrum for the formation of PAH-Au NPs. (A) is
the absorption spectrum for aqueous PAH solution. (B) is the absorp-
tion spectra of aqueous HAuCl4 solution which shows a absorption band
at ∼297 nm. (C) is the absorption spectrum of a mixture of PAH and
HAuCl4. (D) is the surface Plasmon resonance (SPR) band of Au NPs
solution after 30 min of UV-irradiation. (E) is the SPR band of Au NPs
solution after 2 h of UV-irradiation, shows a peak at 522 nm. Inset shows
the pink color PAH-Au NPs solution.
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in absorption value, which confirmed instantaneous formation of
PAH-Au (III) complex. The AuNPs formation started after 30min
of UV-irradiation as shown by a small surface Plasmon resonance
(SPR) peak appeared at 522 nm (spectrumD, Figure 2). The color
of the resulting solution became light pink. Now after 2 h of
UV-irradiation, the mixture resulted into deep-pink color Au
NPs solution as shown by a high intense SPR band in spectrum
E, Figure 2. This spectrum shows an absorption maximum at
522 nm due to SPR of spherical Au NPs solution.38�40 An
inset of Figure 2 shows the pink-colored spherical PAH-Au
NPs solution. The TEM images of the PAH-Au NPs are shown
in Figure 3. Part A of Figure 3 shows the low magnified image,
whereas part B shows the high magnified image. From the
image, it is evident that the average diameters of these Au NPs
are approximately 10�15 nm. The particles were monodispersed,
well separated from each other, and did not undergo any agglom-
eration during synthesis.
3.2. Scanning Electron Microscopy (SEM) Analysis. We

have demonstrated that the reaction of PAH with HAuCl4 in the
presence of UV light produced Au NPs in solution within the
narrow size range. Using an alternate approach, we tried in situ
deposition of Au NPs directly onto PAH nanofibers. We
fabricated PAH nanofibers by electrospinning method, which is
discussed in detail in the Experimental section. PAH fibers were

collected and deposited on a specially designed Si/SiO2 chip
coated with conducting Au lines, which were separated from each
other with a specific and precise gap. The gap between two
conducting lines varied from 5 to 50 μm. The chip containing
PAH fibers was immersed in a small quartz cuvette containing the
Au (III) solution. The sample was exposed to UV-irradiation for
2 h continuously, and then the chip was removed from the Au
(III) solution, followed by rinsing with water and then dried. This
dried sample was analyzed using various characterization tech-
niques. Figure 4 shows the scanning electron microscopy (SEM)
images of the PAH nanofibers at different magnification. Part A
of Figure 4 shows the low magnified SEM image, whereas part B
of Figure 4 shows the high magnified SEM image. From these
images, it can be interpreted that majority of the fibers were in the
narrow size range of 100�150 nm. Figure 5 shows the SEM
images of the PAH fibers at different stages of AuNPs deposition.
Part A of Figure 5 is the SEM image whenAuNPswere deposited
for 1 h UV-irradiation. From these images, it can be interpreted
that Au NPs were formed in the solution and were deposited
selectively onto the PAH nanofibers. Part B of Figure 5 repre-
sents the SEM image after 2 h of UV irradiation exposure. It can
be clearly observed from these images that Au NPs that were
formed due to UV-irradiation of the solution containing PAH
fiber and HAuCl4 solution were selectively deposited onto the
PAH fiber. It was evident that the deposition of Au NPs was
selective and deposited only on PAH fibers. This is mainly due to

Figure 3. The transmission electron microscopy (TEM) images
of the PAH-Au NPs. (A) is the low magnified image and (B) is the
high magnified image. The average diameter of the particles are
∼10�15 nm.

Figure 4. Scanning electron microscopy (SEM) images of the PAH
nanofibers at different magnification. (A) is the low magnified SEM
image and (B) is the high magnified image of PAH nanofiber.
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the electrostatic interaction between the positively charged
polymers and negatively charged gold ions. Part C of Figure 5
represents the SEM image where Au NPs were synthesized on
PAH fibers using 4 h of UV-irradiation exposure time. It can be
observed that 4 h of UV exposure resulted in an excess deposition
of Au particles onto the PAH fiber. Some of the Au NPs resulted
in branchlike morphologies that can be observed at higher
magnification in an inset of part C of Figure 5. Part D of Figure 5
represents the higher magnification image of the same sample
which was exposed to 2 h of UV-irradiation (part B of Figure 5).

It was observed that the Au NPs were formed in solution and
deposited uniformly after 2 h of continuous UV-irradiation. On
the basis of this analysis, UV-irradiation exposure time was
optimized for 2 h to obtain uniform deposition of Au NPs onto
the PAH fiber. It can be interpreted from part D of Figure 5 that
the Au NPs were synthesized, deposited uniformly and selec-
tively onto PAH fibers.
3.3. Energy Dispersive X-ray Spectroscopy (EDS) Analysis.

Au-PAH composite was analyzed for its elemental composition
using Energy Dispersive X-ray Spectroscopic (EDS) and the scan
is shown in Figure 6. The spectrum shows the presence of Au,
Cu, C, and N. The Au peak come from the Au NPs, whereas the
N peak appeared due to presence of amino group in the PAH
fibers. The C and Cu peak is due to the carbon coating of Cu
TEM grid, which was used for sample preparation.
3.4. X-ray Diffraction (XRD) Analysis. The X-ray diffraction

(XRD) pattern of the PAH-Au nanofiber is shown in Figure 7.
The diffraction pattern consisted of diffraction from (111),
(200), (220), (311), and (222) planes, which can be attributed
to the fcc structure of Au NPs. The calculated lattice constant for
the Au NPs was 0.406 nm, which is consistent and in agreement
to the numbers reported in literature (a = 0.4077 nm, as reported
by JCPDS file number 4�0784).41 From these analyses, it was
confirmed that the Au NPs were formed in the solution and
deposited selectively on the PAH fiber. The resulting device was
found out to be stable and robust. The detailed mechanism of
their formation is discussed in section 3.5.
3.5. Mechanism of the Au NPs Formation and Their

Deposition on Fiber. Using 2 h of UV-irradiation exposure
time, Au NPs were synthesized not only in an aqueous PAH
solution but also directly onto the PAH fibers which were

Figure 5. SEM images of the PAH fibers at different stages of Au NPs deposition. (A), (B), and (C) are the SEM image of the PAH fiber when Au NPs
are deposited for 1 h, 2 h, and 4 h UV-irradiation respectively. Inset of (C) shows the corresponding high magnified image. (D) show the high magnified
image of the PAH fiber when Au NPs are deposited for 2 h of UV-irradiation.

Figure 6. EnergydispersiveX-ray spectroscopic (EDS) analysis of thePAH-
Au nanofibers. The spectrum shows the expected peaks for Au, Cu, C, andN.
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deposited across Au pads on a Si-chip. During the synthesis
process, the presence of both PAH and UV-photoirradiation is
important. PAH contributes to the formation of small mono-
disperse nanoparticles. In the absence of PAH, keeping all other
parameters the same, solution resulted in micrometer size
particles that agglomerate immediately after their formation. In
the absence of UV photoirradiation, Au NPs were not formed.
During this synthesis, PAH acts as a reducing agent for the
reduction of AuCl4

� to Au(0). The amino (�NH2) group in the
PAH acts as a reducing agent for this reduction. It was reported
previously that the amine group can reduce the metal ions and
oxidize itself to imine.42 During the formation of Au NPs in
solution, the positively charged polymer first formed a complex
with AuCl4

� that can be proved from theUV�vis spectrum (part
C of Figure 2). Then, in the presence of UV-irradiation, electron
transfer process is initiated from the polymer to the Au3+ and
then, Au3+ was reduced to Au(0).43 Initially, Au nuclei were
formed during the reduction process. These Au nuclei subse-
quently contribute to the formation of Au atoms and then
aggregate together to form crystalline particles. In our present
case, at a particular concentration of PAH, the growth takes place
in all possible directions and generates spherical Au NPs.
Although, from the high magnified SEM images, a few chainlike
morphologies at a few spots in the sample were also observed.
The polymer adsorbs onto the surface of the crystalline particles,
control their growth, and inhibit the agglomeration of the fully
grown particles. The amino group (�NH2) of PAH coordinated
via the nitrogen atom to the formed Au NPs and stabilized them
in the solution. The allyl amine chain becomes confined in the
outer shell of the polymer micelles and generates a hydrophobic
environment for the NPs. Minko et al.44 and Kuo et al.43 also
observed similar types of electron transfer reaction from the
polymer to the metal ions during the synthesis of NPs. During
the formation of AuNPs on PAH fiber, the formationmechanism
is also similar to that of the solution cast method. Dong et al.
studied the assembly of Ag, Au, and Pt NPs over electrospun
nylon 6 nanofibers by controlling their interfacial hydrogen
bonding interaction.45 They observed that a large number of
NPs assemble on fiber when pH of the solution was kept between
3 and 6. In other cases, limited surface coverage was noticed. But
in our study we observed from the SEM images in part B of
Figure 5 that the NPs were synthesized selectively only onto the

fiber not other part of the samples. This is due to the presence of
PAH, which acts not only as a reducing agent but also as
stabilizing agents after the formation of smaller Au NPs. The
smaller Au NPs were formed, where they aggregate and grow on
the PAH fiber to produce Au NPs deposited onto PAH nano-
fiber. This in situ process for the synthesis of Au NPs selectively
on PAH fiber is the first example for the development of Au-PAH
nanoelectronic device. This study concludes that Au NPs can be
synthesized either in the solution or on the solid substrate in
presence of PAH. The formation of Au NPs by the reduction of
HAuCl4 with NaBH4 or with different amine compounds has
been reported.42,46�48 The appearance of stretching vibration
absorption of C�N double bond (�NdC�) peak around
1615 cm�1 in FTIR analysis indicated that the oxidation of
amines to imines. In this article, our focus was to fabricate
polyelectrolyte (PAH) and then in situ synthesis and deposition
of Au NPs to develop a conducting nanodevice and test for its
optoelectronic properties. After the complete coverage of the
fiber by the NPs, the electrical conductivity measurements were
performed to validate the system for device application.
3.6. Conductivity (I�V) Study.We measured the conductiv-

ity of the resulting nanoelectronic device where Au-coated PAH
nanofiber was used to bridge Au pads spaced 20 μm apart on a Si
chip. After the synthesis, the chip was dried in vacuum and I�V
measurement was conducted with a pair of Au electrode on a
custom-built system. The gap between two Au bridges can be

Figure 8. (A) Shows the SEM image of the PAH-Au nanofiber
deposited on the substrate for the conductivity measurement. (B)
Shows the I�V curve of the PAH-Au nanofiber. From the linear fit
I�V curve, the resistance of the nanofiber is 447.6 � 1011 Ω.

Figure 7. X-ray diffraction (XRD) pattern of the PAH-Au nanofiber
shows the diffraction from the (111), (200), (220), (311), and (222)
planes of fcc Au NPs.
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varied from 5 to 50 μm, which can be designed during manu-
facture of the chips. Here, we studied the conductivity keeping
20 μm gap between the two gold pads. Part A of Figure 8 shows
the SEM image of the Au-PAH nanofiber deposited on the
substrate for the conductivity measurement. Scheme 1 shows the
schematic of the I�V measurement on Au-PAH nanofiber. The
results of the current�voltage (I�V) measurements across
the PAH-Au nanofiber are shown in part B of Figure 8. From the
I�V curve, it can be concluded that the nanofiber exhibit Ohmic
behavior and the absence of hysteresis confirmed a continuous
metallic structure. Guo et al.49 reported the resistance of ZnO
nanofiber to be around 3.5� 107Ω. In our study, from the linear fit
of I�V curve, it was found that the resistance of the nanofiber is
447.6� 1011Ω, which is more than reported by Guo et al. During
I�V testing, it was found that Au pads when bridgedwith uncoated
PAH fibers were nonconductive. Moreover, when our system was
bridged with low density uncoated PAH fibers were also non-
conductive even at high voltages (∼30�40 V) during I�V testing,
whereas the conductance of PAH/Au nanocomposites is shown in
part B of Figure 8. It was found that, for any Au pad to be
conductive, it requires a uniform and highly dense NPs deposition.
The present process summarizes the synthesis of PAH fiber by
electrospinning method and in situ deposition of Au NPs selec-
tively in the fiber using UV-irradiation techniques. This process
provided a new route for the fabrication of other polymers and their
conjugation with other metal NPs for future applications as
nanoelectronic devices and sensors.

4. CONCLUSIONS

In conclusion, we have demonstrated a new route for the
formation of electrically conductive PAH-Au composite nanofiber
by exploiting the techniques of electrospinning and UV photo-
irradiation. We fabricated the PAH nanofibers having diameter in
the∼100�150 nm size range. The Au NPs are synthesized either
directly in PAH solution or deposited selectively in situ onto the
PAH fiber in the presence of 2 h of UV-photoirradiation. The
diameter of the fiber can be tuned by controlling the physical
parameters or by the concentration of polymeric solution during
electrospinning. Similarly, the deposition of Au NPs can also be
controlled by altering the concentration of HAuCl4 solution and

UV photoirradiation exposure time. The Au-PAH composite-
based nanodevice showed an Ohmic behavior with low resistance
and the absence of hysteresis in the I�V curve confirmed a
continuous metallic structure. This process is efficient, straightfor-
ward, reproducible, and robust. This process provides a new route
for the development of building blocks in wire electronic nano-
devices, microelectronics industry, and as a sensor in sensor
technology.
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