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a b  s  t  r  a c t

A chemiresistor  type  sensor  for selective  alcohol  sensing  has been  realized  from  gallium  nitride  (GaN)

nanowires (NWs) functionalized  with sputter-deposited  tin  dioxide  (SnO2) nanoparticles.  Two-terminal

devices were  fabricated  using standard  microfabrication  techniques  with the  individual  NWs  air-bridged

between the  two  metal  contact  pads.  Through  a combination  of  X-ray  diffraction  (XRD),  electron-

backscatter-diffraction (EBSD), and TEM/STEM  techniques, we confirmed  the presence of  rutile  SnO2

nanocrystals  on the GaN  surface. A  change  in  device  current  is  observed  when the  device  is exposed  to

alcohol vapors  (methanol,  ethanol, propanol, and butanol)  at  room temperature  under  215–400  nm  UV

illumination with 3.75  mW/m2 intensity  at  365 nm  wavelength.  The sensor  reproducibly  responded  to  a

wide range of  alcohol  vapor concentrations,  from  5000  �mol/mol  (ppm) down to 1 �mol/mol  (ppm) in

air. Notably,  the  devices  show low sensitivity to acetone  and  hexane,  which  allows them to selectively

detect the  primary  alcohol  vapors  mixed  with  these two  common  volatile  organic  compounds  (VOCs).

The sensor  response was not  observed  without UV excitation.  From  the experimental  results we found

a relationship  between  the  response  towards the alcohol  vapors  and the length  of  carbon  chain  in  the

molecule: the  chemiresistive  response  decreases  with  the increasing  carbon  chain  from  methanol  to n-

butanol. In  addition,  we  observed  that  the  isomeric branching  in  i-propanol and i-butanol  caused  reduced

response as compared  to  n-propanol and  n-butanol,  respectively.  We  have  qualitatively  explained the

sensor operation  by  employing a mechanism,  which  includes  oxidation  of  analyte molecules  on the  SnO2

surface,  leading  to enhanced  photoconductivity  in  GaN  nanowire.

© 2012 Elsevier B.V. All rights reserved.

1. Introduction

Solid state chemiresistor-type gas sensors are popular alter-

natives to traditional devices based on chromatography, nuclear

magnetic resonance (NMR), and mass spectroscopy due to

miniaturization, portability, reduced power consumption, high

sensitivity, quick response, and fast refresh rate [1].  Semiconduct-

ing  metal oxides thin films are used for gas sensing [1,2] because

their transport properties readily respond to the adsorbed analytes.

Recently, nanowires and other nano-structures of these materials

have been shown to exhibit even better sensing characteristics due

to  increased surface area, reduction in size and power consumption,

and nmol/mol (ppb) sensitivity [3,4].
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Chemical dopants [5] and catalytic additives [6] have been intro-

duced to nanowires to enhance their selectivity and efficiency. In

other cases, surface nanoclusters and nanoparticles have been used

as transducers for the chemically inert nanowires. For example,

it has been shown that GaN NWs  can be surface functionalized

to induce sensitivity towards specific analytes [7–9]. These sen-

sors provide the flexibility to start with an  analyte-inert nanowire

material and make them selectively sensitive based on the surface

functionalization. In this paper we have presented SnO2-coated

GaN  nanowires for selective alcohol sensing. SnO2 is one of the most

widely used metal oxide for gas sensing [10–12].  Surface proper-

ties  of SnO2 make it a popular candidate for fabricating thin films

[13],  nanoparticle arrays [14,15],  NWs, and other nanostructured

gas sensors [16–20].  Additionally, photoconductive properties of

SnO2 have been used for making photodetectors and other devices

[21–23].  Closely matching band gap (GaN 3.4 eV and SnO2 3.65 eV

[24])  and photoconductive properties of GaN and SnO2,  combined

with  surface properties of SnO2,  make them suitable candidates for

fabricating the GaN NW/SnO2 nanocluster hybrid sensors described

in this paper.

0925-4005/$ – see front matter ©  2012 Elsevier B.V. All rights reserved.
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We have used the change in photoconductivity of the hybrid

SnO2-nanocrystals/GaN-NW devices when exposed to analytes as

a  sensing parameter. The rapid photoresponse of the nanostruc-

tures and NWs  compared to thin films can enhance the sensitivity

and  reduce the recovery time of the sensor. Photoassisted sens-

ing enables sensors to operate at room temperature in contrast to

industrial metal oxide sensors that operate at  elevated tempera-

ture. Useful properties of  photoassisted sensors, such as fast and

enhanced gas response have been demonstrated earlier [25–27].

It  has also been shown that the device sensitivity can be modu-

lated by varying the intensity of light [28]. Along with repeatable

and quick response, SnO2/GaN hybrid sensors give us a selective

response towards alcohols that fall into the category of VOC indus-

trial  pollutants.

2. Experiment

2.1. Device fabrication

Si doped, c-axis, n-type GaN nanowires were grown using cat-

alyst free molecular beam epitaxy on Si (1 1  1)  substrates. The

NWs  were 21–23 �m long and had hexagonal cross-sections of

250–350 nm in diameter. The  details of nanowire growth can be

found  elsewhere [29,30]. The NWs  were removed from the sili-

con substrate by sonication in isopropanol. The device fabrication

steps are summarized in Fig. 1.  Alignment electrodes were pre-

fabricated on sapphire substrate using photolithography followed

by  deposition of titanium (40 nm)/aluminum (420 nm)/titanium

(40  nm)  metal stack. The NWs  were suspended across these elec-

trodes using dielectrophoretic alignment. The top contacts to the

NW ends were formed by depositing titanium (70 nm)/aluminum

(70 nm)/titanium (40 nm)/gold (40 nm)  multilayer [31].

These two-terminal, freely suspended NW devices were func-

tionalized for gas sensing by RF sputtering of tin dioxide

nanocrystals on the NW surface. The SnO2 target was  sputtered

with an RF power of 200 W in 30 sccm (standard cubic centimeter)

of  oxygen and 20 sccm of  argon gas flow, while sample tempera-

ture was held at 90 ◦C. It was found that 7  min  deposition time was

optimal for the formation of uncoalesced oxide nanocrystals on the

nanowire surface.

A rapid thermal anneal (RTA) was performed on these devices

at  700 ◦C for 30 s under a  6000 sccm flow of ultra-high purity Ar

to facilitate ohmic contact formation to NWs. RTA optimized the

device in three ways: (i) it facilitated ohmic contact formation to

NWs, (ii) it induced recrystallization of  the SnO2 nanoclusters, and

(iii) it reduced mechanical stresses in the thick alignment electrode

metal stack of Ti (40 nm)/Al (420 nm)/Ti (40 nm), which is an impor-

tant  consideration for wire bonding the devices. Bond pads were

fabricated in the final photolithography step with the deposition

of another metal stack of Ti  (40 nm)/Au (120 nm). The device was

then  mounted on a  24-pin ceramic package and the wire bonds

were  established.

2.2. Device microstructure characterization

The  microstructure and morphology of  the hybrid

SnO2-nanoclusters/GaN-NW structures was characterized by

field-emission scanning electron microscopy (FESEM), high-

resolution analytical transmission and scanning transmission

electron microscopy (HR-ATEM/STEM), and selected-area electron

diffraction (SAED). The specimens were analyzed in a  FEI Titan

80-300 TEM/STEM1 microscope operating at  300 kV accelerating

voltage The instrument was  also equipped with an EDAX Si/Li

energy-dispersive X-ray spectrometer and high-angle annular

dark-field (HAADF), bright-field (BF), and ADF STEM detectors to

perform spot, line profile and areal compositional analyses.

The identification of crystalline phases was also performed by X-

ray diffraction (XRD) and electron-backscatter-diffraction (EBSD).

The  XRD spectra were collected using a  Bruker-AXS D8 scanning

X-ray micro-diffractometer equipped with a  general area detector

diffraction system (GADDS) using Cu-K� radiation. The  EBSD pat-

terns were recorded using an HKL Nordlys II EBSD detector attached

to the Hitachi S-4700 FESEM.

2.3.  Measurement setup

For the gas sensing measurements the device was  placed

in a custom-made stainless steel chamber with a  volume of

0.73  cm3 and a top quartz window. The device measurements were

performed using an Agilent B1500A semiconductor parameter ana-

lyzer. A  25 W deuterium bulb (DH-2000-BAL, Ocean Optics) was

connected to a fiber optic cable, 600 �m in diameter, which ter-

minated with a  collimating lens. This set-up provided uniform

intensity over the entire sample surface. The wavelength of the

light bulb is  confined to the range of 215–400 nm and the intensity

recorded was  3.75 nW/cm2 at  365 nm wavelength. Compressed,

“breathing” quality air (<9 ppm of water) was  used as the carrier

gas in all  the sensing measurements and the net flow (air +  analyte

vapors) was maintained at  40 sccm. All sensing measurements

were performed at room temperature, under a  DC  bias voltage of

5 V.

3. Results

3.1. Microstructural and electrical properties

Fig. 2a  shows FESEM image of a typical device with a SnO2 coated

GaN nanowire suspended between the two metal electrodes. Fig. 2b

shows the dark current–voltage (I–V) characteristic of the device,

which has an  ohmic behavior.

The individual NW devices were too small to obtain XRD from

the  tin oxide nanocrystals, therefore a  reference sample with the

tin oxide film on GaN/sapphire substrate was  prepared. SnO2 was

sputtered for 1  h to form a  40 nm thick film followed by RTA for

30 s at  700 ◦C with the assumption that the oxide would have crys-

tallinity similar to the device structures that were annealed under

the same conditions. XRD results in Fig. 3 indicate that SnO2 film

is polycrystalline with the rutile structure. These results were sup-

ported by EBSD analysis. Fig. 4c and d shows EBSD from individual

SnO2 clusters on GaN NWs, for oxide deposition time of 15 min

followed by RTA at 700 ◦C for 30 s.

Further investigation on the SnO2 nanoparticles on the GaN NWs

was performed using HR-ATEM/STEM techniques. For this purpose,

SnO2 was sputter deposited on an array of vertically standing GaN

NWs  on a  silicon substrate, followed by RTA at 700 ◦C for 30 s to

replicate the thermal processing of the device fabrication steps.

Finally, the oxide coated NWs  were transferred onto a  TEM grid.

Fig. 5 presents a HRTEM micrograph of a  GaN NW fragment dec-

orated with randomly distributed partially coalesced 5–10 nm tin

oxide nanoclusters. As one can see from the figure, the particles

exhibit crystallinity. The FFT pattern from the red square in upper

1 Commercial equipment and material suppliers are identified in this paper to

adequately describe experimental procedures. This does not  imply endorsement by

NIST.
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Fig. 1.  Fabrication steps for the  SnO2 nanocluster coated GaN nanowire alcohol sensor.

Fig. 2. (a) FESEM image of a GaN suspended bridge structure. Inset shows nanowire facets with tin oxide nanoclusters (b)  dark I–V characteristic of the GaN  nanowire sensor

coated with SnO2 nanocrystals after RTA at  700 ◦C for 30 s in argon.

right inset indicates 0.34 nm lattice fringes, which are consistent

with a (1 1 0) reflecting plane of the tetragonal polymorph of SnO2.

Simultaneous BF- and HAADF- (Z-contrast) STEM imaging was

employed to enhance visualization of SnO2 nanoparticles often

barely visible against the much thicker GaN NWs. Complementary

BF- and HAADF-STEM images of a tip of a GaN NW coated with

SnO2 are shown in Fig. 6a and b  respectively. SnO2 nanoparticles,

dark in (a) and bright in (b) STEM images were found to decorate

facets of the nanowire and often form elongated aggregates involv-

ing several smaller clusters. Fig. 6c presents a spot X-ray spectrum

of  an individual nanocluster acquired at  the nanowire surface (see

Fig. 3. XRD �-2� scan of a 40 nm thick SnO2 film after 700 ◦C anneal in argon for

30 s. Indices correspond to tetragonal SnO2 phase (P42/mnm) with a = 4.758(3) Å and

c = 3.175(2) Å lattice parameters.

right inset), revealing the Sn K�1 line at 25.27 keV, the Sn K�1 line

at  28.48 keV, and  the Sn L-series between 3.04 keV and 4.46 keV

together with the O K line at  0.52 keV. The Ga K�1 line at 9.25 keV,

the  Ga K�1 line at 10.26 keV, and the Ga L-series between 0.96 keV

and 1.30 keV were also  observed. However, nitrogen (the N K� line

at 0.39 keV) was  not detected in this particular case. The C K�1 line

at  0.28 keV, the Cu  K�1 line at  8.05 keV and the Cu K�1 at  8.90 keV

belong to materials of the supporting TEM grid.

3.2.  Sensor test results

To  establish the sensor baseline, a  bare GaN NW device was

tested at room temperature for response to UV  light and other

chemical vapors. Increase and decrease in the device current was

observed when the UV light was  turned on and off respectively.

Notably, the device did  not respond to any chemical vapors in the

presence of UV light. However, when a  SnO2 functionalized NW

device was tested at room temperature, a  change in the device

photocurrent was observed when the chamber was  flushed with

breathing air (with or without organic vapors) in the presence of

UV light. Since compressed breathing air was used as a  carrier gas

in analyte sensing experiments, the device current recorded with

40 sccm of air flowing though the sensing chamber under UV illu-

mination was  established as a  reference for our experiments.

Fig.  7a shows the response of  the sensor to 500 �mol/mol (ppm)

of methanol, ethanol, n-propanol and  n-butanol. During the sensing

process, the flow of analyte mixed in breathing air is 40 sccm which

is  turned on and off for a  period of 300 s each. Two sets of readings

were recorded for each analyte concentration. The first reading was
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Fig. 4. FESEM image of the nanowire fragment decorated with tin oxide nanoparticles (a); EBSD patterns of GaN (b) and SnO2 (c–d) with simulated unit cells in the  insets.

Unit cells in (c) and (d) indicate random crystallographic orientation of SnO2 grains on GaN surface. Scale bar in (a) is 100 nm.

Fig. 5. HRTEM image of a nanowire fragment decorated with randomly distributed

5–10 nm tin oxide nanoclusters, FFT pattern from the red square in upper right inset

indicates 0.34 nm lattice fringes, which are consistent with a (1 1  0) reflecting plane

of  the tetragonal polymorph of SnO2. (For interpretation of the references to color

in this figure legend, the reader is referred to the web  version of the  article.)

not included in the reported results, it was for gas flow stabilization

and  ensuring that any residuals of  the previously tested chemicals

were flushed out. The successive measurement of the same analyte

concentration was  recorded as the valid data. After analyte testing,

once the flow of active component in the gas mixture is off, the

sensor recovers to the near initial value of the current.

As  it can be seen from Fig. 7a, all alcohols induce current

increase relative to the reference, with the highest response being

to methanol at fixed concentration of the analytes. As expected,

photocurrent increases with increasing concentration of analyte

(see Fig. 7b  for the methanol case).

The behavior of the device towards water was similar to the

behavior towards alcohols, i.e., an increase in photoconductivity

was observed with increasing concentration of water vapors as

shown in Fig. 7c. The photocurrent baseline in breathing air flow

in Fig. 7c likely carries a “history” of water molecules pre-adsorbed

on the NW surfaces [32].

Fig. 7d  shows the response of the device to 40 sccm of N2 flow

through the chamber. An increase in device current is seen when

N2 gas is flushed through the chamber in the presence of UV light.

However when other chemical vapors including alcohol vapors are

passed through the chamber mixed in N2 gas in the presence of

light, no further change in device response is observed. Consis-

tent with other chemicals tested, no change in conductivity was

observed in dark when nitrogen gas flow was  turned on and off

into the chamber.
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Fig. 6. (a) BF-STEM image of a tip of a GaN nanowire coated with 5–10 nm diameter SnO2 nanoclusters forming densely packed chain-like aggregates. (b) HAADF-STEM

image of the same area. SnO2 clusters, dark in (a) and bright in (b), respectively, decorating the faceted surface of a GaN nanowire. (c)  X-ray spectrum of individual SnO2

cluster acquired in the spot marked by the red  cross (inset). (For interpretation of the  references to  color in this figure legend, the  reader is referred to the web  version of the

article.)

The sensor was also tested for response towards possible inter-

fering chemicals such as acetone and alkanes. The device shows

relatively low response to hexane as compared the alcohols while

the  response to acetone is similar to the device response to isobu-

tanol. Fig. 7e shows a column graph of the percentage response of

the  device for each chemical. Percentage response R is  defined as

R  = (Ig − Ia)

Ia
× 100 (1)

where Ig is the device current measured 300 s after the 40 sccm flow

of analyte in breathing air is turned on. Similarly, Ia is  the device

current measured 300 s after the 40 sccm flow of breathing air is

turned on.

4. Discussion

4.1. Photocurrent in  GaN NWs

Most semiconductor surfaces possess electronic surface states

and the impact of these surface states on electronic properties of

the  semiconductor have been described in [33]. Depending on the

nature of the surface states, they may  carry positive or  negative

charge that is screened by the opposite charge inside the semi-

conductor material known as the space charge. Distribution of the

space charge is related to the curvature of the valence and conduc-

tion bands in the space charge region by Poisson’s equation. This

surface  band bending causes photo generated charge carrier sep-

aration when the light above the band gap energy is incident on

the  device. For a  semiconductor with positive space charge region,

holes  move towards the surface whereas electrons have a tendency

to remain in the bulk. This phenomenon is  also observed in semi-

conducting nanowires where the formation of the depletion region

occurs on the entire surface of the nanowire forming a  central con-

ducting region surrounded by a  depletion region.

Photoconductive behavior of GaN nanowires has been discussed

in  [34,35].  As the diameter of  the NWs  used in this work is greater

than  100 nm,  we have a neutral conducting “core” in the center of

the NWs  and a depletion region at the surface. When a voltage

is applied across the ends of the NW we observe the dark cur-

rent of the device. In  the presence of light an enhanced current

is observed due to photo-generated charge carriers and their sep-

aration assisted by surface band bending. In our case, as the GaN
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Fig. 7. Sensor response at  room temperature in the presence of UV  light to  (a) alcohols at  500 �mol/mol (ppm) concentration in air, (b) methanol from  1 �mol/mol (ppm)

to 5000 �mol/mol (ppm) in air, (c)  different humidity in air, (d) N2 gas. (e) Response towards 500 �mol/mol (ppm) of different analytes. Percentage response calculated as

per Eq. (1).  Standard deviation is based on the device response to 500 �mol/mol (ppm) ethanol as measured on three different days over a period of 10 days.

nanowire surface is  inert to chemical species, the photo-current

remains unaltered when the chemical vapors are passed over the

bare GaN nanowire devices.

4.2. Photoresponse of  SnO2/GaN hybrid nanostructure

The GaN nanowire surface in our sensor devices is coated with

SnO2 nanoclusters. SnO2,  like most other semiconducting metal

oxides, carries adsorbed oxygen on its  surface and at room tem-

perature it is most likely to exist as O2
− species [36].  Oxygen

adsorbs on  the surface capturing a negative charge from SnO2

[O2 (g) + e− → O−
2 (ads.)] and creates the surface depletion layer

and upward band bending at the surface. Due to the closely match-

ing band gap values of the two materials, photo generated electron

hole  pairs are produced both in the SnO2 nanocrystals and the GaN

nanowires. Photogenerated holes can remove the adsorbed oxygen

from the oxide surface [h+ + O−
2 (ads.) → O2 (g)] and release the

captured electron back into the oxide as explained for metal oxide

semiconductors [37] and also demonstrated for metal oxide NWs

[38,39].  Therefore the adsorbed oxygen is released in the presence
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Fig. 8. (a) Schematic representation of sensing mechanism of SnO2 coated GaN nanowire hybrid sensor. (b) Band diagram of SnO2/GaN heterojunction.

of UV light and promotes photogenerated charge carrier separation

in  the SnO2. The holes migrate towards the surface and the unpaired

electrons are accumulated in the bulk of the nanocrystal. We  spec-

ulate that these accumulated electrons promote photogenerated

carrier separation in the GaN nanowire by trapping/recombining

with the photogenerated holes in the NW at the surface. This leads

to  an increase in the device photocurrent.

4.3. Sensor response to analytes

The proposed sensing mechanism explains the sensor response

to the various chemical vapors tested in this work. Similar to the

photogenerated holes, when chemical species interact with the

adsorbed oxygen species, they may  remove the O2
− from the sur-

face causing the captured electron to be released back into the SnO2

[5]. Schematic representation of the proposed sensing mechanism

has been shown in Fig. 8a. A qualitative band diagram of the GaN

and SnO2 semiconductor junction has been shown in Fig. 8b, where

the impact of the nanoscale feature size of the SnO2 nanoclusters

on the material properties has not  been considered.

4.3.1. Response to alcohols

The decomposition of alcohols on metal oxide surfaces in

general, and SnO2 in particular, has been widely studied. The

adsorption and decomposition of alcohols on metal oxide sur-

faces could primarily proceed by (i) selective oxidation to aldehyde

[5,11],  (ii) dehydration to form alkene and water [11],  and/or (iii)

complete oxidation to carbon dioxide and water [40,41].  Selective

oxidation to aldehyde seems to be the favored reaction on SnO2

surface in the absence of catalytic additives. Thermal desorption

spectroscopy of methanol on stoichiometric SnO2 (1  1  0) surface

detected formaldehyde and water as the only desorption products

besides methanol [42].

A similar mechanism for dissociation of ethanol on the surface of

single crystal and polycrystalline SnO2 (1 1 0)  to form acetaldehyde

and water has been described in [11].  It has been suggested that

gaseous ethanol can undergo a reversible dissociation to an ethoxy

group and adsorbed hydrogen as

CH3CH2OH (gas) ↔ CH3CH2OH (ads.) (2)

CH3CH2OH (ads.) ↔ CH3CH2O  (ads.) + H  (ads.) (3)

CH3CH2O (ads.) → CH3CHO (ads.) + H (ads.) (4a)

CH3CH2O (ads.) → CH3CHO (gas) + H (ads.) (4b)

4H (ads.) +  O−
2 (ads.) → 2H2O  (gas) + e− (5)

Although the above reactions have been shown to proceed only

at temperatures above 300 K, the possibility is that UV  excitation

in our case promotes these reactions on the device surface even

at room temperature [43]. Alternatively, alcohols could be disso-

ciatively adsorbed as alkoxy group and hydrogen (step (3)  above)

without further dissociation to aldehyde at room temperature [44].

Through either route, hydrogen released in steps (3) or  (4) can react

with the adsorbed oxygen to form water and desorb from the oxide

surface as shown in (5).  This alcohol assisted removal of adsorbed

oxygen to release free electrons in the oxide nanocrystals manifests

itself as the increased conductivity in the nanowire in the presence

of  alcohol vapors.

When tested with various alcohol vapors, our  devices show a

response trend in the decreasing order of methanol > ethanol >  n-

propanol >  isopropanol >  n-butanol > isobutanol. This is  opposite

to  the behavior observed with the SnO2 thin films [45],  other

metal oxide nanostructures such as WO3 nanoplates [46] and ZnO

nanowires (our work, unpublished), i.e., the response is the highest

for  n-butanol and the lowest for methanol. The response trend of

alcohols on thin films and  nanowires can be explained by the fact

that  in gas phase the acidity of alcohols increases with the increas-

ing length of the carbon chain in the molecule [47]. It has also been

shown that the oxidation of alkoxy to aldehyde follows the same

trend as the alcohols [44].  This implies that reactions (3)  and (4)

are  the most favorable for butanol and butoxy respectively among

all the alcohols under consideration. Therefore, we  would expect to

see highest response towards butanol and least towards methanol,

as  observed from metal oxide thin films and nanowires.

At present the reason for the reversal in trend from oxide

thin film/nanowire to nanocrystalline coating is  not understood,

however we have confirmed our results by also fabricating ZnO

NW sensors and comparing them with GaN NW sensor devices

functionalized with ZnO nanocrystals (unpublished results). While

the ZnO nanowire devices seem to follow the expected trend

of decreasing response from butanol to methanol, we observe a
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reverse trend in the GaN NW devices functionalized with ZnO

nanocrystals.

4.3.2. Response to N2, H2O and other analytes

When 40 sccm of nitrogen gas flow is  introduced into the cham-

ber in the absence of UV light, no change in the device current is

seen. When the UV light is  turned on, an increase in device cur-

rent is recorded. In our understanding, nitrogen molecules displace

adsorbed oxygen when supported by the photo generated holes.

This is consistent with the results achieved with ZnO nanowire UV

photodetectors where no change in dark current was observed in

the vacuum before illumination, indicating that oxygen desorption

was indeed supported by photogenerated holes [39].

Various possible mechanisms for interaction of water molecules

with SnO2 surface have been discussed [10].  An increase in sur-

face conductivity in SnO2 thin films in the presence of water has

been experimentally proven [49]. The response of SnO2 nanowires

to  H2O at room temperature also shows an increase in conductiv-

ity  when exposed to water vapors [50]. In our case, as with the

SnO2 nanowire, water should remove adsorbed oxygen on the sur-

face, thus increasing the carrier separation in SnO2 nanocluster and

subsequently increasing the photocurrent in GaN NW.  We  do not

exclude the possibility of ionic conductivity due to physisorbed

water coating the surface of nanoparticles and nanowire [51]. How-

ever, electronic conductivity (replacement of adsorbed oxygen by

water with release of electrons in the oxide) has been proposed as

the major contributor to the humidity sensing mechanism of  SnO2

even at room temperature [52].

The sensor was also tested for response to acetone as it can be

a  common contaminant in alcohol vapors. The sensor response to

acetone is low relative to methanol and ethanol but comparable

to  that for iso-butanol. A  weaker response was observed to satu-

rated alkanes such as hexane. The  relative response of the sensor to

various chemical vapors for a single device is  summarized in Fig. 7e.

5. Conclusions

A hybrid (GaN nanowire)/(SnO2 nanocrystals) sensor for selec-

tive alcohol sensing at  room temperature has been fabricated.

It has been shown that UV assisted sensing could be a substi-

tute  for temperature assisted metal oxide based sensing. We  have

shown that fairly inert GaN nanowires can be functionalized with

active metal oxide nanocrystals to tune their response and selec-

tivity to different classes of analytes. The SnO2 functionalized GaN

nanowire sensor selectively responds to first four organic alco-

hols (methanol, ethanol, propanol and butanol) and the isomers

of propanol and butanol. The device shows a response and recov-

ery time of the order of 100 s and has been tested for sensitivity

between 1 �mol/mol (ppm) and 5000 �mol/mol (ppm). The sug-

gested sensing mechanism utilizes oxidation of analyte molecules

on the SnO2 surface leading to increased photocurrent in GaN

nanowire.
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