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Abstract: One-dimensional (1D) inorganic semiconductor nanostructures have witnessed an
explosion of interest over the last decade because of advances in their controlled synthesis
and unique property and potential applications. A wide range of gases, chemicals, biomed-
ical nanosensors, and photodetectors have been assembled using 1D inorganic semiconductor
nanostructures. The high-performance characteristics of these nanosensors are particularly
attributable to the inorganic semiconducting nanostructure high surface-to-volume ratio
(SVR) and its rationally designed surface. In this review, we provide a brief summary of the
state-of-the-art research activities in the field of 1D inorganic semiconductor nanostructure-
based nanosensors. Some perspectives and the outlook for future developments in this area
are presented.
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INTRODUCTION

Nanotechnology involves studying and working with matter on a nanoscale, which provides the ability
to work at the molecular level, atom by atom, to create large structures with fundamentally new molec-
ular organization [1,2]. The field of nanotechnology represents an exciting and rapidly expanding
research area that crosses the borders between physics, chemistry, biology, and the life and engineering
sciences [3–5]. 

Nanostructures are defined as having at least one dimension between 1 and 100 nm, whose struc-
tures and components exhibit novel and significantly improved physical, chemical, and biological prop-
erties, phenomena, and processes due to their nanoscale size [6–8]. Since the discovery of carbon nano -
tubes, the recent emphasis in the field of nanostructures has shifted to one-dimensional (1D)
nanostructures at the expense of zero-dimensional (0D) and two-dimensional (2D) nanostructures, per-
haps due to the intriguing possibility of using them in a majority of future devices [9]. Nanotubes,
nanowires, nanobelts/nanoribbons, nanorods, nanocables, heterostructures, and p-n junctions feature
prominently in those 1D nanostructures that have been attracting great research interest in recent years
due to their unique properties and potential to revolutionize current technology [10–15].

*Paper based on a presentation at the 5th International Symposium on Novel Materials and Their Synthesis (NMS-V) and the
19th International Symposium on Fine Chemistry and Functional Polymers (FCFP-XIX), 18–22 October 2009, Shanghai, China.
Other presentations are published in this issue, pp. 1975–2229.
‡Corresponding authors: E-mail: xshfang@yahoo.cn (X. S. Fang) and hlf0509@gmail.com (L. F. Hu)



Nanosensors have been demonstrated to be very important in semiconductor processing, medical
diagnosis, environmental sensing, and national security. Due to higher sensitivity/selectivity and high
resolution, nanosensors have potential applications in microfluid detection, such as harmful gas
molecules, individual bacteria, and viruses. The detection principal is that interaction of target analyses
with nanodetection devices induces measurable physical and chemical changes, for example, in
electrical, optical, and magnetic properties, and in mass and pH values [16]. 1D inorganic semiconduc-
tor nanostructures are ideal systems for exploring a large number of novel phenomena at the nanoscale
and investigating the size and dimensionality dependence of their properties for potential applications.
The use of such nanostructures with tailored geometries as building blocks is also expected to play a
crucial role in future nanodevices [17–19]. So far, nanosensors based on 1D inorganic semiconductor
nanostructures are mainly assembled by top-down and bottom-up design, top-down lithography,
bottom-up assembly, and molecular self-assembly [1]. Recent progress on nanosensors has shown that
1D inorganic semiconductor nanostructures constitute new and ideal carriers for nanosensors. In this
review, we focus on 1D inorganic semiconductor nanostructure-based nanosensors, including gas
sensors, photodetectors/optical sensors, biosensors, and chemical sensors. Each topic will be exempli-
fied by the most recent and important areas of progress in these new fields. 

GAS SENSORS

Chemical sensors have gained in importance in the past decade for applications that include homeland
security, medical and environmental monitoring, and food safety. Pearton and co-workers pointed out
in one of their recent reviews that a desirable goal of chemical sensors is the ability to simultaneously
analyze a wide variety of environmental and biological gases and liquids in the field and to be able to
selectively detect a target analyte with high specificity and sensitivity [20]. From the viewpoint of the
theory of operation, gas sensors measure the volume of a target gas by oxidizing or reducing the target
gas at an electrode and measuring the resulting current/signal change. Here, we list a representative
example of ZnO nanobelt arrays, which were used to detect NH3 gas that high sensitivity, reversibility,
and rapid response have demonstrated [21].

Well-aligned ZnO nanobelt arrays directly on Zn substrates by thermal oxidation in the atmos-
phere of oxygen within a horizontal tube furnace were developed by Yang and co-workers [21].
Figure 1a shows a typical SEM (scanning electron microscope) image of the as-grown ZnO nanobelts
on the Zn foil at 600 °C for 6 h. The authors suggest that the coverage of the ZnO nanobelt array on the
substrate appears to be quite uniform with an aerial density of about 1014 nanobelts/m2. These nanobelts
are 100–300 nm wide at the root, 10–20 mm long, and about 3–4 nm thick. Most of the nanobelts do
not have a uniform width so that they become thinner from the root to the top end and form a sharp edge
at the tip. 

When a film of micrometer-sized Zn particles was used to replace the Zn foil as the growth sub-
strate, ZnO nanobelt balls grow from Zn microparticles directly to form a dense layer, as shown in
Fig. 1b, the nanobelts are well aligned on the microparticle surface [21]. The ammonia gas sensor fab-
ricated from these as-synthesized ZnO nanobelt ball arrays on Si substrates shows a high sensitivity and
rapid response at room temperature. The ZnO nanobelt sensor configuration is shown in Fig. 1c, and
Fig. 1d shows the corresponding sensor performances when the surrounding gas is switched between
air and 500 ppm NH3. A current change as high as about 3.5-fold between the on and off states was
observed. The authors suggested that the change in current is mainly caused by the adsorption and des-
orption of NH3 and H2O molecules on the surface of the sensing materials, and the high surface-to-vol-
ume ratio (SVR) of their used ZnO nanobelts sensor gives rise to high sensitivity to NH3 [21]. Recently,
they also demonstrated that ZnO tetrapod film displays much higher sensitivity to humidity than ZnO
nanoparticle film and the sensitivity increases with decreasing tetrapod size. The humidity sensors fab-
ricated from the ZnO tetrapods films have shown high sensitivity and quick response and recovery at
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Fig. 1 ZnO nanobelt arrays and their sensing performances. (a) SEM image of ZnO nanobelt arrays grown on Zn
foil by controlled thermal oxidation in the presence of O. (b) ZnO nanobelt balls grown on the Zn microparticles.
(c) Schematic of the ZnO nanobelt-based gas sensors, and (d) current responses of the ZnO nanobelt-based sensors
when the surrounding gas is switched between air and 500 ppm NH3. Reproduced from J. Phys. Chem. B 109,
15303 (2005). Copyright © 2005, American Chemical Society [21]. 



room temperature without heat regeneration, and they suggested all of these properties are ascribed to
the high surface area and high surface activity of the small ZnO tetrapods [22].

The literature documents a large number of 1D inorganic semiconductor nanostructures in vari-
ous shapes and their potential applications as gas sensors. The sensitivity of some sensors has been dra-
matically enhanced from ppm to ppb level after surface modification or functionalization and doping.
Table 1 lists some representative results on 1D inorganic semiconductor nanostructure-based gas
sensors. For example, Moskovits and co-workers demonstrated that SnO2 nanowires fabricated by using
self-organized, highly ordered porous anodic alumina (PAO) templates are small enough for the
adsorption of oxidizing or reducing gases on their surfaces to alter the bulk electronic structures of the
entire nanowire, and finally successfully detected CO and O2 using the above-synthesized unique SnO2
nanowires [23]. Wu and co-workers demonstrated that nanowire arrays of single-crystal SnO2 coated
with amorphous carbon nanotubes can be easily fabricated by drying and annealing the anodic alumina
membrane filled with SnO2 sol supported by citric acid chelating agent, and further showed that such
nanowire arrays have great promise for application as anodes in lithium ion batteries—the cycling per-
formance is greatly improved [24]. Very recently, Arnold and co-workers reported that Ga2O3
nanowire-based gas sensors were fabricated using the vapor–liquid–solid (VLS) method, with the
nanowires grown directly on the sensor device. Measurements suggested that the sensors responded
quickly when the analyte/carrier was applied, and the devices recovered quickly after the analyte/car-
rier was removed [37].

Table 1 Representative results on 1D inorganic semiconductor nanostructure-based gas sensors. NW: nanowire;
NR: nanorod; NB: nanobelt; NT: nanotube; PAO: porous anodic alumina; CVD: chemical vapor deposition;
VLS: vapor–liquid–solid.

1D inorganic Morphology Synthesis method Sensing gas Ref.
semiconductor
nanostructure

SnO2 NW PAO templates process CO and O2 23
ZnO NW Vapor-trapping CVD method O2 25
In2O3 NW Laser ablation method NO2 26

CVD NH3 27
Cu2–xSe NW bundles Water evaporation process Humidity 28
Si NW Top-down technique NH3 29

based on nanoimprint
lithography

Metal-catalyzed method HCl and NH3 30
ZnS NB Hydrogen-assisted H2 31

thermal evaporation
Co3O4 NT Thermal decomposition H2 and alcohol 32

within PAO
CeO2 NW Hydrothermal method Humidity 33
α-Fe2O3 NT Thermal decomposition H2 and ethanol 34
MoO3 NR Infrared irradiation CO and CH3OH 35
WO NR Drop-coating NH3, C2H5OH, and NO2 36
β-Ga2O3 NW VLS method Acetone 37
TiO2 NT Hydrothermal treatment CO, H2, and toluene 38
CuO NW Thermal treatment CO 39
GaN NW CVD method H2 40
Bi2S3 NW Hydrothermal method H2 41
ZnSnO3 NW Thermal evaporation Ethanol 42
VO2 NW Vapor–solid method Ar and He 43
ZnSe NR Solution method Humidity 44
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PHOTODETECTORS/OPTICAL SENSORS

As one of the most promising applications, 1D inorganic semiconductor nanostructure-based photo -
detectors have also rapidly advanced in recent years. Equally important to light generation in nanoscale
structures is the need to efficiently detect optical inputs and process them as electrical outputs. For
example, for photodetection, a nanowire is configured to monitor the photocurrent as a function of
photon excitation. In such schemes, a constant bias across the nanowire is applied, and instead of using
a gate to induce current fluctuations, an optical flux forces the wire to change from an insulating to a
conducting state. This type of layout is called a linear nanowire photodetector since the photo current is
proportional to the number of carriers produced within the semiconductor by an optical absorption
process [7,45]. Very recently, Zhai and co-workers provided a comprehensive review on the state-of-
the-art research activities in the 1D metal oxide nanostructure photodetector field, such as ZnO, SnO2,
Cu2O, Ga2O3, Fe2O3, In2O3, CdO, CeO2, ZnSnO3, ZnGa2O4, and their photoresponses. They not only
provided a survey of 1D metal oxide semiconductor nanostructures and the photodetector principle,
they then showed the recent progress on several kinds of important metal oxide nanostructures and their
photoresponses and concluded with some perspectives and outlook on future developments in this area
[46]. 

Table 2 lists some representative results on 1D metal oxide nanostructure photodetectors and their
corresponding key sensor performances. It is easy to note that active 1D metal oxide nanostructure
photo detector elements can be configured either as resistors whose conductions are altered by a charge-
transfer process or as field-effect transistors (FETs) whose properties can be controlled by applying
appropriate potentials onto the gates. Functionalizing the structure surfaces offers another avenue for
expanding the sensor capabilities [46]. Although 1D metal oxide nanostructure photoconductors were
just developed in the last 10 years, it is easy to note they have acquired very fascinating achievements
so far.

Table 2 Some representative results on 1D metal oxide nanostructure photodetectors and their corresponding key
sensor performances. FET: field-effect transistor. Reproduced from Sensors 9, 6504 (2009). Copyright © 2009,
Molecular Diversity Preservation International, Basel, Switzerland [46].

Photodetector Morphology Device Light of Bias Dark current Photocurrent Rise Decay Ref.
detection (V) or or time time

conductance conductance

ZnO NW Resistor 340 nm 1 – 20 nA 170 s 300 s 47
NR FET 254 nm 0.2 – 2.4 μA – 30 min 48

SnO2 NW FET 254 nm 0.05 0.66 nS 760 nS – <0.1 s 49
β-Ga2O3 NW Resistor 254 nm; 8 Several pA Several nA 0.22 s 0.09 s 50

7 W (15 pA) (10 nA)

In2O3 NW FET 254 nm 0.3 – 290 nA (254 nm) 10 s – 51
365 nm 33 nA (365 nm)

CeO2 NW film Resistor 254 nm; 5 22.8 nA 0.25 nA 300 s – 52
7 W (air) (air) (air)

0.35 pA 0.44 nA 2 s
(H2O) (H2O) (H2O)

ZnSnO3 NW Resistor UV light – 0.3 nA 162 nA (UV) 20 s – 53
Green laser 6.6 nA (green)

RuO2/TiO2 Core/shell Resistor 256 nm – 18.5 μA 19.4 μA 307 s 437 s 54
NW

Very recently, we successfully demonstrated an effective approach for the synthesis of single-
crystalline ZnS nanobelts possessing sharp UV emission at room temperature via the right selection of
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source materials and controlling their evaporation and agglomeration rates. The individual ZnS
nanobelt-based UV light sensor was fabricated by using optical lithography with the assistance of a pre-
designed mask and electron beam deposition. Figure 2 shows a typical SEM image of the as-grown ZnS
nanobelts on 3 nm Au layer-coated Si substrate at 1100 °C, revealing the nanobelts have a width of up
to a micrometer and they are almost aligned nanobelts. Further structural characterizations by TEM
(transmission electron microscope), HR-TEM (high-resolution TEM), EDS (X-ray energy-dispersive
spectrometer), and SAED (selected-area electron diffraction) suggested the as-synthesized ZnS
nanobelts are pure ZnS with a wurtzite structure, and the typical widths of the nanobelts are in the range
of 200 nm to 1 μm [55].

Figure 3 shows a schematic diagram of an individual ZnS nanobelt-based UV light sensor and its
corresponding sensor performances. Among them, Fig. 3a shows an optical micrograph of ZnS nanobelt-
based UV light sensors. Figure 3b displays a schematic of an individual ZnS nanobelt-based sensor,
which is composed of a thermally oxidized Si substrate covered with a 300 nm SiO2 layer, ZnS nanobelts
covered by the Cr/Au (10 nm/100 nm) interdigitated electrodes. Figure 3c suggests the as-synthesized
single-crystalline ZnS nanobelts having sharp UV emission (~337 nm) and low intense  luminescence in
the visible region (~550 nm) at room temperature. The SEM image of a single-crystalline ZnS nanobelt
device (inset) and its corresponding I–V curve illuminated with a light of different wavelengths ranging
from 320 to 600 nm are shown in Fig. 3d. The resistance decreased by several orders of magnitude when
the illuminated light was changed from visible light (such as 600 nm) to UV light (such as 320 nm),
justifying the effective utilization of the present ZnS nanobelts as  “visible-blind” UV photodetectors
[55].

Subsequently, by using a predesigned patterned substrate, a sensor made of multiple ZnS
nanobelts was successfully designed. The nanobelts selectively grew on the top and side surfaces of the
electrodes. The interspaces between electrodes are densely filled with well-aligned nanostructures. The

X. FANG et al.

© 2010, IUPAC Pure Appl. Chem., Vol. 82, No. 11, pp. 2185–2198, 2010

2190

Fig. 2 Single-crystalline ZnS nanobelts were synthesized by CVD using a simple conventional horizontal tube
furnace with a 36-mm inner-diameter quartz tube at 1100 °C with high-purity commercial ZnS powders (~10 μm,
99.99 %) and 3 nm Au layer-coated Si wafer were used as a precursor and substrates, respectively. Reproduced
from Adv. Mater. 21, 2034 (2009). Copyright © 2009, Wiley-VCH [55].



detailed characterizations can be found in ref. [55]. Enhanced stability and sensitivity of the UV light
sensors made of multiple ZnS nanobelt devices compared to the individual nanobelt-based sensor was
demonstrated. Or alternatively, an effective and low-cost method to achieve high-performance “visible-
blind” microscale ZnS nanobelt-based UV light sensors recently has been successfully developed by a
simple chemical vapor deposition (CVD) method and enlarging the nanobelt surface areas exposed to
light without using any lithography techniques. The device exhibits super enhancement of photocurrent
compared to individual nanobelt-based sensors and an ultrafast time response [56]. 

Besides 1D metal oxide nanostructures and our developed ZnS nanostructures, other 1D inorganic
semiconductor nanostructure-based photodetectors have also been developed significantly. For
example, single-crystalline ZnSe nanobelts synthesized via the ethylenediamine (en)-assisted ternary
solution technique on precursor ZnSe�3en nanobelts and subsequent thermal treatment in pure Ar
atmosphere at 500 °C for 2–4 h have been assembled into nanoscale photodetectors by a microfabrica-
tion process. The devices show high spectral selectivity and photocurrent immediate decay ratio
(>99 %), and fast time response (<0.3 s), justifying effective utilization of the ZnSe nanobelts as
blue/UV light-sensitive photodetectors (λ < 460 nm) [57]. Table 3 lists some important 1D inorganic
semiconductor nanostructure-based photodetectors (besides 1D metal oxide nanostructures) and their
key sensor performances. These results show that 1D inorganic semiconductor nanostructures are very
valuable for high-performance photodetectors at nano/micro scale. 
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Fig. 3 Individual ZnS nanobelt-based UV-light sensor. (a) Optical micrograph of ZnS nanobelt-based UV-light
sensors. (b) A schematic of an individual ZnS nanobelt-based sensor. (c) CL spectrum recorded from an individual
ZnS nanobelt at room temperature. (d) SEM image of a single-crystalline ZnS nanobelt device (inset) and its
corresponding I–V curve illuminated with a light of different wavelengths ranging from 320 to 600 nm. Reproduced
from Adv. Mater. 21, 2034 (2009). Copyright © 2009, Wiley-VCH [55].



Table 3 Some representative results of several important 1D inorganic semiconductor nanostructure-based
photodetectors (besides 1D metal oxide nanostructures) and their key sensor performances. NB:
nanobelt/nanoribbon.

Photodetector Morphology Device Light of Bias Dark current Photocurrent Rise Decay Ref.
detection (V) or or time time

conductance conductance

ZnS NB Resistor 320 nm 10 <10–14 A 0.87 pA <0.3 s <0.3 s 55
NB Resistor 320 nm 10 <10–14 A 1.05 nA ~2.57 ms ~1.99 ms 56

ZnSe NB Resistor 400 nm 30 <10–14 A 1.7 pA <0.3 s <0.3 s 57
GaN NW FET 365 nm 1 1.3 nS 23.4 nS – – 58

254 nm 258.3 nS – –

α-Si3N4 NW Resistor 254 nm 20 0.25 nA 1.5 nA ~1 s ~1 s 59

CdS NB Resistor White light, 5 ~1.6 pA 25 nA ~1–3 s ~1–3 s 60
10 W

Ge NW FET 532 nm 0.1 – ΔG ~ 2.5 μS – – 61

CdSe NB Resistor 650 nm 1 0.095 nS 2816 nS 11.22 ms 34.52 ms 62

Si NW Resistor UV 0.5 ~10 nA ~20–60 nA – – 63
illumination under various

illumination
intensities

BIOSENSORS

Biosensors are a very important kind of sensor. The combination of nanosystems and biosystems is not
only a multidisciplinary field that has the potential for tremendous impact on biology, chemistry,
physics, biotechnology, and medicine, but also a new research area that will yield revolutionary
advances in health care, medicine, and the life sciences through, for example, the creation of new and
powerful tools that enable direct, sensitive, and rapid analysis of biological and chemical species [64].
Recently, many researchers have begun to design biosensors using 1D inorganic semiconductor nano -
structures, such as nanowires and nanoribbons, due to these sensors exhibiting high sensitivity to
pathogenic bacteria and viruses, and the used 1D inorganic semiconductor nanostructures are easy to
be bound and modified. For example, Lieber and co-workers have fabricated a direct, real-time electri-
cal detection of single virus particles with high selectivity by using arrays of individual addressable Si
nanowire FET (NWFET). Nanowire elements within the arrays were functionalized with the same or
different virus-specific antibodies as receptor for selective binding [65]. When a virus particle binds to
the antibody receptor on a nanowire device, the conductance of that device should change from base-
line value, and when the virus unbinds, the conductance should return to the baseline value. For a p-type
nanowire, the conductance should decrease (increase) when the surface charge of the virus is positive
(negative). The conductance of the second nanowire does not change because no virus binds to the anti -
body receptor on this nanowire device during this same time period. Modification of different
nanowires within the array with receptors specific for different viruses provides a means for simultane-
ous detection of multiple viruses. Figure 4 shows the schematic of two Si nanowire devices and detec-
tion of single viruses [65]. 
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In 2005, Ferrari provided a review on opportunities and challenges in cancer nanotechnology. The
authors mentioned that nanotechnology is not only a multidisciplinary field that covers a vast and
diverse array of devices derived from engineering, biology, physics, and chemistry, but also the ability
of nanotechnology to yield advances in early detection, diagnostics, prognostics, and the selection of
therapeutic strategies is predicated based on its ability to “multiplex”—that is, to detect a broad multi -
plicity of molecular signals and biomarkers in real time. Prime examples of multiplexing detection
nano technologies are arrays of nanocantilevers, nanowires, and nanotubes. Multifunctionality is the
fundamental advantage of nanovectors for the cancer-specific delivery of therapeutic and imaging
agents [66]. Subsequently, Lieber and co-workers also presented a review on nanowire-based
nanoelectronic devices in the life sciences. They have illustrated how nanowire-based field-effect sen-
sor device arrays modified with specific surface receptors and/or interfaced to living cells represent a
powerful and unique nanotechnology- enabled detection and interface platform for medicine and the
life sciences, broadly defined, and also discussed several representative examples of nanowire nano -
sensors for ultrasensitive detection of proteins and individual virus particles as well as recording, stim-
ulation, and inhibition of neuronal signals in nanowire–neuron hybrid structures [64]. Very recently, it
was demonstrated that NWFET arrays fabricated on both planar and flexible polymeric substrates can
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Fig. 4 Left, schematic illustration of an NWFET configured as a sensor with single viruses, where the nanowires
are modified with different antibody receptors. Right, characteristic of the surface charge of the virus only in
nanowire 2. When the virus unbinds from the surface, the conductance returns to the baseline value. Reproduced
from Proc. Natl. Acad. Sci. USA 101, 14017 (2004). Copyright © 2004 by the National Academy of Sciences [65].



be reproducibly inter faced with spontaneously beating embryonic chicken hearts in both planar and
bent conformations [67]. Here, 30-nm-diameter p-type Si nanowires were used. Figure 5 shows the
nanowire/heart interfaces, including a photograph of an experimental set-up (Fig. 5a) and a magnified
image of a heart on the surface of planar chip and zoom of a dotted region in the upper image (Fig. 5b),
and the corresponding simultaneous recordings from a glass pipette (black trace, upper curve) and a
nanowire device (red trace, lower curve). They show that NWFET conductance variations are synchro-
nized with the beating heart and the conductance change associated with beating can be tuned substan-
tially by device sensitivity. These results suggested that NWFET arrays fabricated on increasingly flex-
ible plastic and/or biopolymer substrates can become unique tools for electrical recording from other
tissue/organ samples or as powerful implants [67].

OTHER SENSORS

Very recently, Huang and co-workers designed a submicrometer-sized pH sensor based on biotin–fluo-
rescein-functionalized boron nitride (BN) nanotubes with anchored Ag nanoparticles. Intrinsic
pH-dependent photoluminescence (PL) and Raman signals in fluorescein molecules make these hybrids
perform as real pH sensors. This finding means that the regarded hybrid BN nanotubes are capable of
detecting pH values in a submicrometer space. PL spectra of these hybrids also imply their potential
application as a fluorescence label in biotechnology [68]. Kang and co-workers demonstrated the effect
of pH measurements using single ZnO nanorods integrated with a microchannel. ZnO nanorods show
dramatic changes in conductance upon exposure to polar liquids. The bonding of polar liquid molecules
appears to alter the polarization-induced positive surface change, leading to changes in the effective car-
rier density and hence the drain-source current in biased nanorods. The nanorods exhibit a linear change
in conductance between pH 2 and 12 of 8.5 nS/pH in the dark and 20 nS/pH when illuminated with UV
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Fig. 5 (a) Photograph of experimental set-up. (b) Magnified image of heart on surface of planar chip (top) and zoom
of dotted region in upper image (bottom). (c) The corresponding simultaneous recordings from a glass pipette
(black trace, upper curve) and a nanowire device (red trace, lower curve). Reproduced from Nano Lett. 9, 914
(2009). Copyright © 2009, American Chemical Society [67].



light (365 nm). The nanorods show stable operation with a resolution of ~0.1 pH over the entire pH
range [69]. Hsu and co-workers fabricated Si nanowires as a sensing layer in an extended-gate field-
effect transistor (EGFET) for the measurement of solution pH. Good pH sensing properties of Si
nanowires, with a sensitivity of 58.3 mV/pH, was observed while a poor sensitivity for Si bulk materi-
als, which suggested that the pH sensitivity of Si bulk materials was greatly improved by downsizing
them to the nanoscale [70]. High-aspect-ratio ZnO nanowire-based ultra-sensitive hydrazine ampero-
metric sensor was fabricated recently, which showed a high and reproducible sensitivity of 12.76 μA
cm–2 nM–1, detection limit, based on S/N ratio, 84.7 nM, response time less than 5 s, linear range from
500 to 1200 nM, and correlation coefficient of R = 0.9989 [71]. Very recently, Asefa and co-workers
reviewed the recent advances in nanostructured chemosensors and biosensors [72]. They suggested that
nanomaterials with different compositions, including metals, metal oxides, chalcogenides, and poly-
mers, have proven to be useful for the fabrication of sensors. Their structures range from nanoparticles,
nanorods, and nanowires to nanoporous and core/shells. Materials with two or more types of nano -
structures with core/shell-type nanoassemblies and other composite structures have also emerged as
suitable platforms for fabrication of sensors because of their unique and advantageous features for
enhancing sensitivity, response time, and detection limit of sensors. They stated that it is their belief that
future discoveries and applications of nanoscale sensing devices will continue to evolve, greatly
enhancing our daily lives, while the advances in this field have been only in the recent past [72]. 

CONCLUSION AND OUTLOOK

The foregoing review briefly outlines some recent advances in the field of nanosensors based on 1D
inorganic semiconductor nanostructures. The results demonstrate that 1D inorganic semiconductor
nanostructures are novel and effective carriers for nanosensors owing to their high SVR and rationally
designed surfaces. This makes them excellent candidates for sensing applications, since the SVR
improves detection sensitivity and response time, arising from more reaction area per volume and
reduced diffusion time, and the rationally designed surface contributes valuable multifunctionality. This
short article is unable to list all the exciting works reported in this field, but it is hoped that the
fascinating achievements of 1D inorganic semiconductor nanostructure-based nanosensors should
inspire more research efforts to address the challenges that remain in this field. 

(1) As pointed out by Huang and co-workers, the most important aspect of the investigation of a vari-
ety of sensors is three S’s, i.e., sensitivity, selectivity, and stability. So far, some facile routes have
been developed to better resolve these problems, such as exploiting some novel sensing materi-
als, data analytical methods (FFT and wavelet transform, pattern recognition), advanced meas-
urement techniques, control of sensors structures (arrays), precious sensor fabrication techniques,
surface functionalization, microstructure control, and doping of materials [73]. Although these
methods are very facile to enhance one of the sensor performances, the issue of balancing all of
them seems to be crucial for its further optimization. For example, Salfi and co-workers
developed a ZnSe nanowire-based photodetector that the peak responsivity in the wavelength
range measured is R = 22 A/W at 400 nm and is comparable to that of high-performance ZnSe
photodetectors, however, the authors also pointed out that the slow photocurrent decay can be
considered to be relative, but not absolute, and depends on the efficiency of excess carrier gener-
ation rate and their lifetime [74]. In this case, how to balance high spectral responsivity and fast
time responses of a photodetector seems to be crucial for its further practical applications. 

(2) Since the discovery of carbon nanotubes in 1991, 1D inorganic semiconducting nanostructures
have become one of the popular research persuits owing to the richness of their physical and
chemical properties and wide range of possible applications. For example, Wang and Lieber
claimed that the development of nanowire- and nanobelt-based materials represents breakthrough
achievements with rapidly expanding impact in all areas of nanotechnology [1]. The regarded
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nanostructure morphologies are very rich, and various morphology, size, and microstructures of
expected nanostructures will be obtained under different experimental conditions. The
investigations on the fundamental relationships between these nanostructures with different
morphology, size, and microstructures and their sensor performance will be very interesting as
well as very important for enhancing sensor performances. Moreover, a more precise level of syn-
thetic control of the performance properties of 1D inorganic semiconducting nanostructures will
lead to revolutionary technologies in nanosensors. 

(3) Although there has been significant progress in fabrication on 1D inorganic semiconductor
nanostructure-based nanosensors, as described above, most of these functional devices and inte-
grated systems are fabricated by a top-down approach using a combination of lithography, etch-
ing, and deposition [1]. As we know, the technique for these top-down approaches is complicated,
time-consuming, and expensive, which limits the practical application significantly. Therefore, it
is still a challenge to develop effective and low-cost 1D inorganic semiconductor nanostructure-
based nanosensors with high performance characteristics.
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