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One dimensional inorganic/organic heterojunction nanomaterials have gained extensive attention in materials science because of
their outstanding optical and electrical properties. Strong interactions between the inorganic and organic units can lead to novel or
improved physical or chemical performance relative to that of the individual components, realizing synergistic (“1+1>2") perfor-
mance. It is of great scientific significance for the development of basic scientific research: Understanding and interpretation the
law of molecular self-assemble, controlling the self-assemble of low dimensional molecular aggregation with high ordered degree
in large area through tailoring the molecular structure and the interaction forces, understanding the synergy drive mechanism pro-
duced by the weak interactions between the molecular aggregations then optimizing the original function through the hybrid/
heterojunction self-assemble. In this paper, we discuss the synthetic methods for preparing heterojunctions incorporating diverse

components and their potential applications in the fields of electronics and optics.
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From the 1980s to the early 1990s, self-assembly technolo-
gy has a rapid development in the world which makes the
small scale multidisciplinary cross showing great vitality
and becoming a widely subject content with potential ap-
plication in the field of fundamental research. Heterogene-
ous structured, composite, low dimensional and intelligence
are the development trend and urgent need of modern mate-
rials in the fields of photoelectric and information technol-
ogy. Combining different molecules with different struc-
tures, components and functions through self-assemble
technology could complement, optimize and collaboratively
enhance the basic characteristics of materials. At the same
time, the research on complex systems can lead to new
concept, new features and new materials which representing
the development directions of current self-assembly tech-
nology and materials research. Heterojunction material is
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referred to a kind of composite material which combining
two or more components and forming one or more well-knit
interfaces. So far, the heterojunctions can be roughly divid-
ed into the following categories: metal-metal junctions [1],
metal-polymer junctions [2], inorganic-inorganic junctions
[3], inorganic-carbon nanotube junctions [4], inorganic-
metal junctions [5], inorganic-organic semiconductor junc-
tions [6-11]. Recently, the research about organic function-
al molecules in the state of aggregation structure has got
rapid development. But, whether inorganic or organic func-
tional materials, as a single material, it is difficult to satisfy
various needs of the development of multifunctional mate-
rials. Combining inorganic and organic materials in a cova-
lent or non-covalent manner to form one or more interfaces,
the properties of these new functional materials arise from
the sum of the contributions of the individual components
as well as from processes that occur at the interfaces be-
tween the components, thereby realizing synergistic
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performance (“1+2>2") performance.

The main research object, molecular low dimensional
state of aggregation structure in nanometer scale, is in a
certain dimension size less than 100 nm. Such nanomateri-
als include zero-dimensional (0OD) nanoparticles [12,13],
one-dimensional (1D) nanowires and naotubes [14-16] and
two-dimensional (2D) nanofilms and nanowalls. One-
dimensional nanomaterials with lower dimensions and larg-
er aspect ratios make their own unique optical and electrical
performance. During the past decades, there is growing
considerable attention in such 1D nanostructures because of
the diverse functional electronic characteristics and exciting
prospects for utilizing these materials in future electronic
applications [17-21]. The 1D nanomaterials could be pre-
pared as optoelectronic devices which can be used as field
effect transistors [19-21], logic gates [22], light emitting
diodes [23-25], solar cells [26—30] and photoelectric detec-
tors [31-33]. And the heterojunction interfaces act as a key
role in these devices.

One-dimensional nanoscale heterostructure materials
could be prepared using various methods, including chemi-
cal vapour deposition (CVD) [34], controlled solid-solid
reaction [35], electro-deposition [36], template-assisted
synthesis [37] and electro-spinning technique [38].

1 Self-assembly of inorganic/organic
heterojunction nanowires with templates

One-dimensional heterojunction nanowires could be pre-
pared using various methods, including vapour-phase
methods, solution-phase methods, template-directed synthe-
sis, lithography and self-assembly [39]. Template-directed
methods have been used widely because they are simple and
convenient and provide controllable properties. According
to the physical state of the template, these techniques can be
classified into hard template and soft template methods. The
hard template is typically a thin porous film prepared form
materials such as aluminium oxide (AAO), silica, and na-
nochannel glass. AAO templates are used widely and
available commercially in a limited number of pore diame-
ters. There are several methods for transforming materials
deposited in the cylindrical pores of templates into nan-
owires or nanotubes, including pressure injection, vapour
deposition, chemical deposition and electro-deposition. The
selection of a method for loading the pores is material-
dependent, for example, the electro-deposition method re-
quires electro-active materials. The diameters of the result-
ing nanostructures formed within these templates are deter-
mined by the pore diameters. Thus, a major advantage of
the hard template method is the ability to control the size
and uniformity of the 1D nanostructures. Through adjusting
the deposition conditions, two kinds of morphology, nan-
owire and nanotube, could be formed in the channels of
template. Electrochemical deposition method is a very
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convenient method which could effectively control the
structure parameters of the products, especially good at
controlling the length of the products. Combining the elec-
trochemical deposition method and template could be very
convenient prepared the 1D nanomaterials and the products
would have good repeatability. For example, Mirkin and
co-workers [40] prepared segmented Au-PPy and Au-PPy-
Au rods through electrochemical deposition of gold into the
AAO templates and subsequent electrochemical polymeri-
zation of pyrrole. Monitoring the current and time that
passed during the electrodeposition process allowed control
over the length of each block. Using the similar procedure,
the Whitesides group also fabricated Au-PANI nanofibers
(Figure 1) [41]. They first electrochemically deposited Au
nanotubes, then electrochemically polymerized aniline into
the Au nanotubes. At last, they got Au-PANI core/shell
nanowires. Xu and co-workers [42] have also prepared a
core/shell structure containing an array of Ni nanowires
enveloped in PANI nanotubes. The initially grown PANI
nanotubes acted as a “second-order template” during elec-
trodeposition of the Ni atoms.

1.1  Electrodeposition 1D inorganic/organic hetero-
junction nanowires using hard template

The conductive polymers such as PPy and PTH owning
high conductivity and characteristics of easy to preparation
are chosen to use as p-type organic part in heterojunction
nanowires. And the CdS with strong electric activity char-
acteristics are used as the n-type inorganic part in hetero-
junction nanowires. After studied the basic electronic struc-
tures of PPy and CdS, we found these two types of mole-
cules forming the aggregation states have good matching
characteristics. And the CdS/PPy heteojunction nanowires
could be conveniently fabricated [9,43]. The synthetic pro-
cedure is as follows. First, a layer of Au (about 100 nm) was
evaporated on one side of the AAO template as a conduct-
ing layer, then the AAO template was put into a homemade
electrolytic cell as a working electrode with a platinum
counter electrode and a saturated calomel electrode (SCE)
reference electrode. CdS nanowires were deposited into the
AAO template at a current density of 2.5 mA cm™ in a
DMSO solution consisted of 0.55 mol/L. CdCl, and 0.19
mol/L element sulphur at 130°C. PPy deposition was car-
ried out from a 0.1 mol/L pyrrole and 0.1 mol/L LiClO4
acetonitrile solution by applying a voltage of 0.85 V (vs.
SCE) for an appropriate time. Finally, the AAO template
was selectively etched by NaOH solution (3 mol/L) and
cleaned by deionized water for latter analysis. The SEM
image (Figure 2(a)) shows there are a lot of nanowires ar-
ranged together. And the more bright part is CdS, the gray
part is PPy nanowires. Under the larger magnification, CdS
and PPy nanowire attaches to form a clear interface. The
results of elements linear scanning show there are a lot of
carbon element uniform distributing in the left side of the
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Figure 1 Procedure for the preparation of the segmented polymer-metal nanostructures within the pores of a Cu-backed AAO membrane (a); SEM images
of PANI fiber only (b); PANI-Au core/shell structures where the Au was deposited for 1 h (c), 1.5 h (d), and 2.5 h (e). Reproduced with permission from the

American Chemical Society, ref. [41].
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Figure 2 (a) The side view SEM image of CdS/PPy nanowires; (b) the microscope image of single CdS/PPy nanowires under 405 nm laser; (c) the element
linear scanning image; (d) low magnification TEM image; (e) the HRTEM image; (f) models of the surface of CdS in different growing stages. Reproduced

with permission from the American Chemical Society, refs. [9,43].

interface and a lot of cadmium element uniform distributing
in the right side of the interface (Figure 2(c)). The CdS part
of the single nanowire shows red fluorescence because its
surface-trap emission ranged from 570 to 670 nm under
excitation of 405 nm laser (Figure 2(b)). The low magnifi-
cation TEM image shows (Figure 2(d)) CdS and PPy nan-
owire combines tightly to form a flat interface without ob-
vious defects. The HRTEM image shows the polycrystalline
CdS attached firmly with amorphous PPy. The lattice spac-
ing around 0.34 nm observed in the image agrees well with
interplanar distance of the (002) direction parallel in the
hexagonal wurtzite phase of CdS. Then, it could be con-
cluded the growth process of CdS/PPy nanowires. First of

all, CdS nanowires were deposited into the pour of AAO
template and gradually filled part of the channel. When the
pyrrole solution was injected into the electrolytic cell, the
top side of CdS nanowires started absorption pyrrole mole-
cules. Because of the -NH group and Cd** having certain
coordination effect, CdS and pyrrole molecules can be con-
nected together firmly. After applied 0.85 V voltage, pyr-
role began to polymerize and grow on the top side of CdS
nanowires. Meanwhile, the C1O4~ group as the electrolyte of
lithium perchlorate were doped into the polypyrrole molec-
ular fragments. The heterojunction formed by the interac-
tion among Cd**, -NH and ClO,” was so strong that it could
not be broken even under the ultrasonic.
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Increase the heterogeneous circle area can greatly im-
prove the performance of the heterojunction. During the
process of preparation of conductive polymer, it was found
that there are small gaps between polymer nanowires and
template channels. If these gaps could be filled by CdS
which would greatly increase the area of the interface.

Method to prepare PTH/CdAS heterojunction nanowires
was developed (Figure 3) [10]. The PTH nanowires were
first deposited into the AAO template then synthesized CdS
nanowries under two different current densities, 2.5 and 5
mA cm . The Figure 4(a) shows SEM image of PTH/CdS
nanowries in which the CdS nanowries were synthesized
under small current density. The top part of PTH nanowires
is wrapped around CdS forming core/shell nanostructure.
But there is no such phenomenon in the PTH/CdS nan-
owires which were synthesized under large current density.
The key factor leading to this phenomenon lies in control-
ling the growth speed of CdS nanowries. Under the small
deposition current density, the CdS nanocrystals precipitat-
ing from the reaction solution were small which could help
for their deposition into the gaps between PTH nanowire
and template channel, then formed the core/shell nano-
structures. Under the larger current density, the CdS nano-
crystals were too large to embed the gaps. There is no fluo-
rescence when PPy, PTH and PANI excited by light which
makes some shortage in the optical performance of inor-
ganic/organic heterojunction nanowires. So, we designed a
new polymer which can emit fluorescence at the same exci-
tation light with different colour. 1,4-Bis(pyrrol-2-yl)
benzene (BPB) was chosen as the polymer monomer [44]
and PBPB/CdS heterojunction nanowires were synthesized.
When the nanowires were excited by mercury lamp with
wavelength range 330 to 380 nm, both ends of the naowires

AAD template \
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issued the fluorescent with different color. The part with red
fluorescence is CdS and the other part with yellow green
fluorescent part is PBPB. The preparation methods about
organic polymer heterojunction nanowires were also studied
(Figure 5) [45]. The PEDOT/PT34bT copolymer nanowires
were synthesized under the applied voltage (1.1 V) with an
acetonitrile solvent containing 5 mmol/L EDOT and T34bT
monomer.

1.2 Combining hard template and pressure injection
method to construct 1D heterojunction nanowires

The combination of pressure injection with template method

1 um

Figure 3 The SEM images of CdS/PTH core/shell nanowire arrays (a)
low magnification image; (b) large magnification image; the SEM images
of CdS/PTH segmented nanorods; (c) low magnification image; (d) large
magnification image. Reproduced with permission from the American
Chemical Society, ref. [10].

Cds

Figure 4 (a) The scheme of preparation of CdS/PBPB nanowires; (b) the SEM image of CdS/PBPB nanowires; (c) the SEM image of single CdS/PBPB
nanowire under larger magnification; (d) and (e) the element surface and linear scanning images of single CdS/PBPB nanowire; (f) and (g) the microscope
images of single CdS/PBPB naowire under white light and mercury lamp. Reproduced with permission from the Royal Society of Chemistry, ref. [44].
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Figure 5 (a) The scheme of preparing PEDOT, PT34bT, PEDOT and PT34bT copolymerization nanowires; (b)—(g) the TEM images of nanowires; (h) the
SEM and element surface scanning images of PEDOT-co-T34bT nanowires; (i) the SEM and element surface scanning images of PEDOT nanowires; (j) the
SEM and element surface scanning images of PT34bT nanowires. Reproduced with permission from the Royal Society of Chemistry, ref. [45].

is another popular approach for the fabrication of 1D
nanostructures. Template-assisted pressure injection was
used to fabricate nanowires comprising organic semicon-
ductors oligo(phenylenevinylenes) (OPVs) and inorganic
semiconductors CdS. A porous AAO template was im-
mersed into the transparent CdS-OPV3 mixture in a flask
under reduced pressure. The mixture was then exposed to
the atmosphere, the solution was forced into the pores of the
template as a result of the difference in pressure. The mem-
brane was removed and dried immediately. After repeating
these steps three times, we acquired CdS-OPV3 nanowires
embedded into the channels of AAO template. The results
of EDS analysis, element mapping and confocal laser scan-
ning microscopy analysis indicated the nanowires combined
CdS and OPV3 to form the homogeneous hybrid interfaces.
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1.3 Soft template methods

The generation of heterostructures based on soft templates
is rare. Yao and co-workers [46] reported the synthesis of
triblock microrods of combining 1,3-diphenyl-2-pyroline
(DP) and 4-(dicyanomethylene)-2-methy 1-6-(p-dimethyla-
minostyryl)-4H-pyran (DCM). Figure 6(a) shows the
mechanism of formation of the triblock microrods. First,
some of the DP molecules were dissolved within the hy-
drophobic cores of the spherical CTAB micelles to induce
the formation of rodlike micelles. These rodlike micelles
acted as templates, directing the primary growth of DP par-
ticles in one dimension. Finally, a micelle melting process,
induced by the micellar sphere-to-rod transition, led to co-
deposition of the DP and DCM molecules at both ends of

Figure 6 (a) Molecular structures of DP and DCM and the formation mechanism of triblock nicrorods; (b) SEM and (c) TEM images of microrods; fluo-
rescence microscopy images of same microrods excited with unfocused (d) UV (330-380 nm) and (e) blue light (460—490 nm). Reproduced with permission

from the American Chemical Society, ref. [46].
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the as-formed primary 0D particles, generating the triblock
microrods. Figure 6(b) and (c) revealed smooth outer sur-
face, with each rod having a quite-uniform diameter (1 pum)
along its length (20-25 um).

2 Fabrication heterojunction nanowire arrays
without templates

Organic charge transfer complexes are an important class of
organic-inorganic hybrid materials, which have unique
photo, electrical and photoelectronic properties allowing
them to be good candidates for developing nanodevice
applications. Under the certain temperature, 7,7,8,8-
tetracyanoquinodimethane (TCNQ) powder could be gasi-
fied and react with cooper film to generate CuTCNQ com-
plexes (Figure 7(a) — (d)) [47-50]. Through controlling the
concentrations of TCNQ vapor, two kinds of morphologies
of CuTCNQ complexes, nanowire and nanotube, could be
fabricated (Figure 7(e) and (f)) [51]. And the concentration
of TCNQ vapor could be adjusted by controlling the heating
rate. In a process of slow heating, TCNQ powder will con-
tinue to evaporate out of the steam with low concentration.
This steam will react quickly with copper to generate
amounts of small CuTCNQ complexes particles depositing
on the surface of copper as the seeds growing points.
Meanwhile, the gas-solid interface has enough sources to
supply copper ions. So the CuTCNQ complex will grow
priority on these growing point and form whole nanowire. If
rapid heating the organic source, TCNQ powder will volati-
lize quickly in a short time to form a high concentration
steam and then forming a large number of seeds depositing
on the copper film. In this time, the concentration of copper
ions on the gas-solid interface dropped rapidly. So the out
wall of the CiTCNQ complex could grow priority and then
form nanotube structure.
5,10,15,20-[1,4-benzodioxane-6-carboxalde]porphyrin
(TEOP) was used as raw material and to prepare OD nano-
balls through self-assemble method [52]. In the whole self-
assemble process, the environment and solution temperatures

Figure 7 (a) and (c) the photo and SEM image of AgTCNQ nanowires;
(b) and (d) the photo and SEM image of CuTCNQ nanowires; (e) and (f)
SEM images of CuTCNQ nanotube arrays. Reproduced with permission
from the American Chemical Society, refs. [47,51].
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were controlled at 15 and 25°C. The assemble process is as
follows. First, using 10 uL. TEOP chloroform solution (10~
mol/L) to drop on the silicon surface, and then using 11 pL.
isopropyl alcohol and water (v/v, 10:1) mixed solvent to
inject into TEOP solution. The morphology of TEOP could
be adjusted by controlling the solvent evaporation time. The
forming process of TEOP nanoballs regularly arranged was
determined by the diffusion and evaporation rate of the
mixed solvent. When the poor solvent of PEOT, isopropyl
alcohol, was injected into the chloroform, two kinds of sol-
vents had mutual diffusion. Then, the TEOP molecules were
precipitated form the mixed solvent forming J-type aggre-
gates. These aggregates started layer upon layer to form
nanoball structures through the n-n effect between porphy-
rin molecules. When the solvent was heated by constant
temperature, TEOP molecules will continue to precipitate
from the solvent. Then, the number and volume of nano-
balls will continue to increase. And the heating process
could enhance the convection of the solvent which could
increase the probability of collision and aggregation be-
tween nanoballs. With increase the evaporation time, in
some areas on the surface of wafer will appear nanoballs
arranging into line (Figure 8(n)) which will be a template to
induce nanoball forming ordered arrangement in some small
areas (Figure 8(0)). As a result, the area of the ordered
arrays was extended (Figure 8(1)).

3 Fabrications and applications of 1D inor-
ganic/organic heterojunction nanomaterials

3.1 Diodes

Diodes, devices that control current flow in one direction,
are usually employed as switches in electrical circuits. The
CdS/PPY heterojunction nanowires show good optical di-
ode characteristic (Figure 9) [43]. Without light, CdS nan-
owires are almost of the insulation. But with the increase of
illumination, the conductivity of CdS nanowires is im-
proved gradually. The PPY nanowires also show some
photoelectric response characteristics. Without illumination,
the CdS/PPY nanowires did not show diode rectifier fea-
tures. But under the light, the heterojunction nanowires
showed obvious effects of diode rectifier, and with the in-
crease of illumination intensity the rectification ratio also
increased. When applied 5 V forward biased and adjusted
light intensity from 1.12 to 5.76 mW cm >, the rectification
ratio increase from 8 to 13. It is just the heterojunction ef-
fect causing this peculiar photoelectric response characteris-
tic which will have an important guiding role to the applica-
tion of nanometer circuit and devices [44]. In order to get
the upright PBPB/CdS heterojunction nanowire arrays, the
template was corroded off without polished off the gold
film which direct contacted with PBPB/CdS nanowires as
the bottom electrode (Figure 10(a)). Using ITO glass as the
top electrode contacted with CdS nanowires. Applied 30
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Figure 8 (I) The molecular structure of TEOP; (II) the crystal structure of TEOP; (a)—(c) single layer film; (d) double membrane; (e) three layers film; (f)
four layers film; (g)—(1) multilayer film; (m) —(r) TEOP pattern prepared by thermal treatment in 5, 6, 7, 8, 9 and 10 min [52].
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Figure 9 (a) The IV curves of single CdS/PPY nanowire without light; (b) the IV curves of single CdS/PPY nanowire under different illumination intensity;

(c) and (d) the IV curves of single CdS and PPY nanowire under different illumination intensity. Reproduced with permission from the American Chemical
Society, ref. [43].
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Figure 10 (a) The scheme of CdS/PBPB nanowire arrays device; (b) the IV curves of CdS/PBPB device under different illumination intensity. Reproduced

with permission from the Royal Society of Chemistry, ref. [44].

bias and with three different illumination intensity (0, 22.6
and 45.8 mW cm ™), the rectification ratio of heterojunction
nanotube arrays are 29.9, 116.2 and 129.7. The heterojunc-
tion nanowires containing CdS ingredients showed a great
resistance without light and it is conductivity would be im-
proved by increasing the illumination intensity. Investigat-
ing its reason, the results should be attributed to the light
sensitivity of CdS and the good contact between CdS and
organic materials. It was speculated that the photoelectric
response characteristics of CdS must have certain selectivity.
So, CdS/PANI heterojunction nanowires were fabricated to
investigate the selectivity characteristics with different
wavelength light source [7]. There are two purposes to re-
place PBPB with PANI. First, PANI has not light response
which will not interfere with the experiment results; second,
the conductivity of PANI is far worse than PBPB which will
increase the sensitivity of the experiment. The Figure 11(a)
shows the gold film as bottom electrode contacts the PANI
nanowires and the ITO glass as top electrode contacts with
CdS nanowires. Without light, the device shows a great
resistance. Then, we chose 17 different wavelength of light
source (from 254 to 610 nm) in the same illumination inten-
sity to irradiate the sample and observe its optical diode
rectifier features. Figure 11(b) shows the sample has the
largest rectification ratio under 420 nm light, indicating the
heterojunction nanowires with very high selectivity.
Through adjusting the blue light intensity, the relationship
between rectification ratio and illumination was gotten
which could be expressed by a linear formula: R=4.13E+
11.67, where the R is rectification ratio, E is the illumina-
tion intensity. Using this formula could sensor the blue light
intensity by CdS/PANI device.

3.2 Photovoltaic performance

The inorganic/organic hybrid thin film solar cells have
gained great attention because they are inexpensive, easily
solution-processed and highly stable. Several studies on the
photovoltaic properties of nanowires, especially a single
nanowire of semiconductor with p-n junction, have been
described recently. Liber and co-workers [53] prepared

photovoltaic devices incorporating single coaxial p-type/
intrinsic/n-type (p-i-n) silicon nanowires. Under simulated
one-sun irradiation, the optimized p-i-n SINW devices ex-
hibited an open-circuit voltage of 0.29 V, a maximum
short-circuit current density of 3.5 mA cmfz, and a maxi-
mum efficiency of 0.5%. Single CdS/PPY heterojunction
nanowire photovoltaic device was fabricated and tested its
photovoltaic properties (Figure 12) [9]. Under the illumina-
tion, CdS nanowires product light carrier, holes and elec-
trons, which are quickly separated near the junction inter-
face and reach the gold electrodes. The CdS/PPY nanowires
have wide absorption spectrum which helps the device to
work in the visible light and improve the photoelectric con-
version efficiency. The biggest photoelectric conversion
efficiency reached 0.018% under illumination intensity of
6.05 mW cm ™.

3.3 Field emission properties

Low voltage electronic field emission has attracted much
attention because of its possible application in microwave
power amplification, space propulsion, e-beam lithography
and display devices. Larger area of CuTCNQ and AgTCNQ
nanowire arrays were fabricated to investigate their field
emission performance [47], and their turn on field are about
3.13 and 2.58 V pm ™. CuTCNQ and AgTCNQ nanowires
are very promising field emission cathode materials which
have smaller work function, even than carbon materials
such as graphene. Through changing the growth condition,
the CuTCNQ nanowall [49] and nanotube [51] arrays were
also fabricated. Their turn on fields were 8 and 12.2 V um™
and the largest emission current density were 10.9 and 7.15
mA cm .

Through adjusting growth conditions, CdS/PTH segment
nanorods and core/shell nanowires were fabricated and they
showed good field emission characteristics. Figure 13 [10]
shows the CdS/PTH core/shell nanowires have the best field
emission properties which is due to its special structure, that
is, the CdS shell could increase the area of electron emis-
sion. The field emission properties of PEDOT-co-T34bT,
PEDOT and PT34bT nanowires were also investigated [45].
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Figure 11 (a) The scheme of CdS/PANI nanowire arrays device; (b) the IV curves of CdS/PANI device under different illumination intensity; (c) the UV
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er with light intensity; (f) the cycle response curve of CdS/PANI nanowires under blgyue light. Reproduced with permission from the American Chemical

Society, ref. [7].

Figure 14 shows the turn on field of three samples as about
1.83, 3.17 and 3.83 V um’l, the threshold field are about
450, 4.83 and 5.03 V um™'. The copolymerization nan-
owires have the best field emission performance which
should be due to its high conductivity. In the process of
electron emission, the ability of electronic transmission will
directly affect the field emission properties. And the Figure
14 (d) shows that the copolymerization nanowires have the
best conductivity.

4 Conclusions

Templates were used to fabricate 1D inorganic/organic het-
erojunction nanostructure materials, the photoelectric per-
formance of single nanowire was investigated, and large
area of metal-organic charge transfer complex were fabri-
cated to study their field emission properties. With the aid
of AAO templates, the n-type semiconductor CdS as

inorganic material was assembled with a series of p-type
organic polymers to form heterojunction nanomaterials.
CdS/PPY nanowires were fabricated and investigated their
photoelectric performance, which opened a new develop-
ment direction for the application of nanoscale devices.
Through assembling of CdS with novel organic polymers,
the optical properties of heterojunction nanowires were im-
proved and controlled. By investigating the response selec-
tivity of the heterojunction nanowires assembled from CdS
and polymers to different wavelength light, good selectivity
of heterojunction to the light was found, which was applied
to construct blue light detector. The larger area CuTCNQ
films were fabricated using organic gas-solid phase reaction
in the absence of template and three kinds of morphologies
such as nanowires, nanowalls and nanotubes could be ob-
tained through adjusting the experimental parameters. The
CuTCNQ nanostructure arrays show lower turn on field and
large emission current density which indicate a potential
application in field emission devices.
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Inorganic/organic heterojunction nanostructures have
multi-function features which render them a great applica-
tion potential. However, there are three bottlenecks need to
be solved for the further development of the heterojunction
nanostructures. (1) Methods should be developed to in-
crease the area of interface, improve the ordered degree of
self-assemble and to solve the problem of large area and
large-scale preparation of the materials. (2) To strengthen
the characterization and the investigation of the intrinsic
properties of the single nanowire, especial the morphologies
and size of the interface. (3) To obtain the heterojunction
arrays with more stable structure and performance through
controlling the heterojunction’s structure, size and interface
linkage.
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