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Preparation of One—dimensional Axial Organic—inorganic Heterojunction
and Its Schottky Behavior
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(“ Beijing National Laboratory for Molecular Sciences (BNLMS), Institute of Chemistry,
Chinese Academy of Sciences, Beijing 100190)
(¢ Graduate University of the Chinese Academy of Sciences, Beijing 100049)

Abstract Preparation of one-dimensional organic-inorganic hybrid materials has always been a difficult problem, innova-
tive performance and broad application prospects make it a hotspot in recent years. In this work, the organic conducting
polymer poly(3,4-cthylenedioxythiophene) (PEDOT) and inorganic metal silver (Ag) segmented nanowires were successfully
synthesized through a electrochemical deposition method in the porous anodic alumina oxide (AAO) templates. In a typical
experiment, firstly a thin layer of platinum was evaporated on one side of AAO templates served as anode in a two electrode
electrochemical cell, while platinum was served as cathode. PEDOT nanowires were deposited into the AAO templates in 0.1
mol/L 3,4-ethylenedioxythiophene (EDOT) and 0.02 mol/L 1-butyl-3-methylimidazolium hexafluorophosphate ((BMIM]PFy)
acetonitrile solution by applying a voltage of 3 V for 20 min. Then the AAO templates contained PEDOT nanowires as a
cathode was placed in another Ag' containing solution, Ag blocks were deposited into the AAO templates at a current of 1
mA for 20 min. So the PEDOT-Ag segmented nanowires embedded AAO templates were acquired. Finally, aligned seg-
mented PEDOT-Ag nanowires were obtained by dissolving the templates with 6 mol/L NaOH for 6 h and repeatedly rinsed
with distilled water until the pH of the solution was 7. The morphology and structure of a single PEDOT-Ag nanowire were
characterized using scanning electron microscopy (SEM) and transmission electron microscopy (TEM). The result showed
that the sliver nanowire was grown epitaxially on the amorphous PEDOT nanowire. Using the top contact electrode method,
we studied the /-V characteristic curves of single PEDOT nanowire and single PEDOT-Ag heterojunction nanowire. The
results revealed that the single heterojunction nanowire showed a Schottky diode behavior, the forward turn-on voltage was
0.3 V, and the reverse breakdown voltage was 1.5 V. A Schottky junction formed at PEDOT/Ag interface due to the differ-
ence in work functions of two materials. To our surprise, the forward current of the Schottky diode reached microamp.
Moreover, we believed that this novel nanoscale Schottky device with low turn-on voltage and huge forward current would
be applied in the field of electronics, optics and catalysis.
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Figure 1 Procedure for the preparation of PEDOT-Ag nanowires
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Figure 2 SEM images of PEDOT-Ag nanowire: (a) cross-sectional
SEM image of PEDOT-Ag nanowires inside the AAO templates; (b)
SEM image of PEDOT-Ag nanowires arrays after dissolving the AAO
templates; (c) SEM image of a single PEDOT-Ag nanowire
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Figure 3 Energy-dispersive X-microanalysis (EDS) of PEDOT-Ag
heterojunction nanowire
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Figure 4 TEM images of PEDOT-Ag nanowire: (a) TEM image of a
single PEDOT-Ag nanowire. (b) HRTEM image of the interface of
PEDOT-Ag nanowire
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Figure 5 Energy-dispersive X-microanalysis (EDS) of PEDOT-Ag
heterojunction nanowire
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Figure 6 XRD patterns of the Ag nanowires embedded in AAO
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Figure 7 (a) Schematic diagram of a top-contact nanoscale device; (b)

I-V characteristic curves of a single PEDOT nanowire (inset is the SEM

image of a single PEDOT nanowire with top-contact electrodes); (c) I-V

characteristic curves of a single PEDOT-Ag segmented nanowire (inset is

the SEM image of a single PEDOT-Ag nanowire with top-contact elec-
trodes)
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Table 1 The solution used for Ag nanowires deposition

Component Unit  Amount
H,O mL 45
C;HgO6S*2H,0 (5-sulfasalicylic acid) g 6

KOH g 05
AgNO; g 15
CH;COONH, (Ammonium acetate) g 2.5
NH;*H,O mL 3

pH — 9

© 2012 Shanghai Institute of Organic Chemistry, Chinese Academy of Sciences
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