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In this study we report the enhancement of UV photodetection and wavelength tunable light induced NO
gas sensing at room temperature using Au-ZnO nanocomposites synthesized by a simple photochemical
process. Plasmonic Au-ZnOnanostructures with a size less than the incident wavelength have been found to
exhibit a localized surface plasmon resonance (LSPR) that leads to a strong absorption, scattering and local
field enhancement. The photoresponse of Au-ZnO nanocomposite can be effectively enhanced by 80 times
at 335 nm over control ZnO. We also demonstrated Au-ZnO nanocomposite’s application to wavelength
tunable gas sensor operating at room temperature. The sensing response of Au-ZnO nancomposite is
enhanced both in UV and visible region, as compared to control ZnO. The sensitivity is observed to be
higher in the visible region due to the LSPR effect of AuNPs. The selectivity is found to be higher for NO gas
over CO and some other volatile organic compounds (VOCs), with a minimum detection limit of 0.1 ppb
for Au-ZnO sensor at 335 nm.

M
etal nanostructures have attracted substantial interests for applications ranging from medical diagnost-
ics to optoelectronic devices because of their localized surface plasmon resonance (LSPR) in the presence
of external light1–7. The LSPR arises from light induced collective oscillation of free electrons, leading to

strong absorption, scattering and local field enhancement in metallic nanostructures. These resonance charac-
teristics are highly sensitive to the composition, size and morphology of nanostructures. Recently, the novel
properties of these nanostructures have been explored for UV photodetectors with an enhanced performance8,
attributed to the plasmonic scattering effect of Ag nanoparticles. Several wide band gap semiconductors including
GaN8, TiO2

9, ZnO10, etc., have been studied for UV detectors. The attractive electrical and optical properties of
zinc oxide (ZnO) has made it to be a promising candidate for applications in photovoltaic, photoconductor, light
emitting diodes (LEDs) and gas sensors11–15. ZnO has emerged as a potential alternative for GaN for UV detection
because of the availability of native substrates with higher exciton binding energy (60 meV).

Recently, the detection of nitrogen oxides such as NO2 and NO has become a research focus due to the
environmental problems like greenhouse gas effect and some side effects on human body such as breathing,
itching, asthma etc. Traditionally, oxide sensors, which are operated at higher temperatures, have been used to
detect these gases16–18. A lot of advancement on ZnO based gas sensors has been made in terms of higher
responsivity, lower cost and capability of detecting several gases19–22. In spite of the advantages, the operation
of ZnO gas sensors is limited to higher temperatures (100–400uC). Severalmethods have been employed to reduce
the operating temperature of ZnO sensors e.g. noble metal doping23, ultra violet (UV) illumination24, micro-
electro-mechanical system fabrication etc25. Photo-induced gas sensingmeasurements offer new opportunities to
improve the performance of gas sensor operating at room temperature. There are several reports24,26 on UV
induced room temperature gas sensing properties of ZnO and other metal oxides. Mun et al.27 reported the
enhanced NO2 sensing properties of Au functionalized ZnO nanosheet using UV light. Zhai et al.28 reported the
gas sensing properties of CdS/ZnO nanocomposite using visible light at room temperature.

In this paper, we report the enhancement of UV detection and wavelength-tunable photo-induced gas sensing
at room temperature using plasmonic Au-ZnO nanocomposites. Themultifunctional Au-ZnO nanocomposite is
prepared by a simple photoreduction method to fabricate the device on platinum (Pt) coated interdigitated
electrode substrates. The performance of the plasmonic Au-ZnO device has been studied in comparison to
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control ZnO. The mechanisms for enhanced UV responsivity and
selective NO detection activated by the photoconductive Au-ZnO
nanocomposite are discussed, which may lead to new opportunities
in the plasmonic enhanced multifunctional device applications.

Results and Discussion
The Au-ZnO nanocomposite has been prepared by a simple photo-
reduction method followed by annealing. The photo-generated elec-
trons from ZnO under UV illumination reacted with HAuCl4 to
form Au nanoparticles (NPs) on the surface of ZnO, as shown
schematically in Figure 1. Figure S1 shows the field emission scan-
ning electron microscopy (FESEM) images of ZnO and Au-ZnO
nanocomposites. The micrograph S1a shows the formation of ZnO

nanosheets. The FESEM image in Figure S1b, reveals the formation
of spherical shaped Au NPs on the surface of ZnO nanosheets.
Figure 2 shows the transmission electronmicrograph and diffraction
pattern of the synthesized Au-ZnO nanocomposites. As shown in
Figure 2a, the spherical AuNP is well attached to the ZnO nanosheet.
The observed size distribution of the Au NPs is in the range of 10–
50 nm (Supplementary Figure S2). Figure 2b and 2c represents the
selected area electron diffraction pattern (SAED) of AuNPs and ZnO
nanosheet, respectively. The SAED pattern of Au NPs exhibits cir-
cular rings corresponding to (111), (200) and (220) crystallographic
planes revealing their polycrystalline nature. The SAED image of
ZnO nanosheet shows hexagonal spot patterns, which can be

indexed to (1100), (0110), (1010), (1010) and (1120) planes.

Figure 1 | Schematic diagram showing the synthesis of Au-ZnO nanocomposite by photoreduction.

Figure 2 | (a) Typical TEM micrograph of Au-ZnO nanocomposite (b) SAED pattern of Au nanoparticle (c) SAED pattern of ZnO nanosheet.
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Figure 3a shows the high resolution TEM image of Au-ZnO nano-
composite. Figure 3b presents the lattice fringes of Au-ZnO nano-
composite, from which the interplanar spacing is found to be

0.281 nm and 0.235 nm, for ZnO (1100) and Au (111) planes,
respectively. The corresponding SAED pattern is shown in the inset
of Figure 3b, exhibiting the diffraction patterns for both ZnO andAu.
The study indicates the formation of Au-ZnO nanocomposites with-
out any intermixing. The structural evolution of ZnO and Au-ZnO
nanocomposite has also been examined from the XRD spectra, as
shown in Figure 3c. The spectra clearly reveal the formation of well
crystalline hexagonal wurtzite phase ZnO. However, the Au-ZnO
nanocomposite depicts two additional peaks associated with the face
centered cubic phase of metallic Au. The XRD result is in consistent
with the HRTEM measurements.
The core level XPS spectra of ZnO nanostructures and Au-ZnO

nanocomposites are shown in Figure 4. As shown in Figure 4a, the
observed Zn 2p1/2 and 2p3/2 binding energy peaks at 1045 and
1020 eV, respectively, remain same for pure ZnO and Au-ZnO
nanocomposite. This further corroborates that the Zn exists in the
Zn12 state in both the ZnO and Au-ZnO nanocomposite, without
any compound formation in the latter. The O 1s spectrum shown in
Figure 4b also indicates no change in the chemical state of O in Au-
ZnO nanocomposite as compared to ZnO. The binding energy of O
1s is resolved into two peaks i.e., 530 and 531.2 eV. The peak at
530 eV represents the O 1s level in the ZnO, which is surrounded
by Zn atoms. On the other hand, the peak at 531.2 eV is attributed to
the formation of zinc hydroxide with chemisorbed oxygen species29.
The core level binding energy of Zn-3p and Au 4f electrons are

shown in Figure 4c. The Zn-3p binding energy for both the Au-
ZnO and ZnO samples is resolved into several peaks correspond to
Zn 3p3/2 (88.1 eV), Zn 3p1/2 (91.1 eV) Au 4f7/2 (82.90 eV) and 4f5/2
(86.65 eV), as shown in Figure 4c. As seen in Figure, the binding
energy peak position of Zn-3p is same in all samples, indicating
unchanged chemical state of Zn with the inclusion of Au on the
surface of ZnO. The binding energy of Au 4f is found to be shifted
towards lower values compared to pure gold (4f7/2 , 84.00 eV and
4f5/2 , 87.71 eV)30, as shown in Figure 4c. This shift is due to the
formation of negatively chargedAunanoparticles without any chem-
ical bonding with ZnO. The donor level of ZnO is nearly equal to the
Fermi level of Au (5.4 eV). Therefore, there may be possibility of
electron transfer from ZnO to the Au, leading to the increment in the
charge density on the surface of Au NPs31.
Figure S3 shows the optical absorption spectra of Au NPs of dif-

ferent sizes prepared by Frens method32. A red shift in the plasmon
band with increasing particle size is observed. The plasmon band
location depends on the particle size, charge density of Au NPs, inter
particle spacing and surrounding dielectric medium. Figure 5 shows
the absorption spectra of ZnO and Au-ZnO nanocomposites with
different reaction time. The spectrum of Au-ZnO sample clearly
illustrates two peaks: one at the UV region around 380 nm and the
other in the visible region around 550 nm. The peak in theUV region
originates from the band edge absorption of ZnO and that in the
visible range is due to the surface plasmon absorption of AuNPs. The
characteristic plasmon peak of Au-ZnO nanocomposite is observed
to be broad in the visible region. The broad visible absorption of Au-
ZnO nanocomposites does not show any shift in the plasmon band

Figure 3 | (a) HRTEM image of Au-ZnO nanocomposite. (b) HRTEM image showing the lattice fringes of Au and ZnO. The inset shows the combined

SAED pattern of Au-ZnO nanocomposite. (c) XRD spectra of ZnO and Au-ZnO nanocomposite annealed at 600uC.
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with increasing reaction time due to the wide particle size distri-
bution, as shown in Figure S2. The Au-ZnO nanocomposites pre-
pared with a typical reaction time of 10 hrs has been used for the
device applications reported here.

UVPhotodetection.The photoresponse of Au-ZnO nanocomposite
along with the control ZnO sample has been studied under
illumination using a lateral photoconductor device configuration
shown in Figure 6a. Typical I-V characteristics of ZnO and Au-

ZnO devices measured under dark and UV illumination are shown
in Figure 6b. In both the devices, the dark current is found to be low
(4.84 nA for ZnO and 5.2 nA for Au-ZnO at 5 V) and an abrupt
increase in the current is observed under illumination with UV light.
The photoconductivity of Au-ZnO device is found to be enhanced
over the ZnO device under the same measurement condition.
Figure 6c shows the photoresponse spectra of both the devices at
5 V bias. The responsivity (Rl) of the devices has been calculated
using33,

Rl~
DI

PA
ð1Þ

where DI is the difference between the photo-excited and dark
current, P is the power density irradiated on the sample and A is
the area of the device. The responsivity has been estimated using a
calibrated detector. The Au-ZnO nanocomposite device shows
enhanced photoresponse as compared to ZnO over a broad
wavelength range. The responsivity of Au-ZnO is significantly
higher for the wavelength range 300–350 nm and gradually
decreases when the device is illuminated with a longer wavelength.
The peak responsivity of Au-ZnO device is enhanced by 80 times at
325 nm wavelength over ZnO, as seen in Figure 6c. This
enhancement in photo-responsivity is higher as compared to the
reported value for the Ag-GaN based photoconductors8.
The origin of enhanced UV photoresponse of Au-ZnO nanocom-

posite device over the ZnO one may result from the inter-band
transition of Au d-band electrons in the UV region or photogener-
ated hole trapping in the Au nanoparticles. The filled d-band in Au
below the Fermi level provides large number of electrons for inter-
band transition under UV light illumination34,35. Upon UV excita-
tion, the d-band electrons of Au NPs are excited to the conduction

Figure 4 | XPS core level spectra of ZnO andAu-ZnO nanocomposites showing binding energy of (a) Zn 2p, (b) O1s and (c) Zn 3p and Au 4f electrons.

Figure 5 | UV-Vis absorption spectra of ZnO and Au-ZnO
nanocomposite with different reaction time.
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band and transfer to ZnO side due to the presence of electric field at
the metal-semiconductor junction formed between Au and ZnO,
resulting in higher photoconductivity. In case on ZnO, the respon-
sivity in UV region is attributed to the band edge absorption and is
much lower than the Au-ZnO nanocomposite. The absorption and
transfer processes are schematically shown in Figure 6d. On the other
hand, it may also possible that the photogenerated holes in the ZnO
can be trapped by the Au nanoparticles, which notably suppress the
electron-hole recombination in the device36. Due to this, more num-
ber of charge carriers collected by the electrodes thus enhances the
photoresponse in the UV region.
Figure 7a shows the typical I-V characteristics of ZnO and Au-

ZnO devices under dark and visible illumination. As observed in
Figure, the Au-ZnO device shows an increase in the photocurrent,
while the current in ZnO remains same upon visible illumination.
This is expected since the band gap of ZnO is much higher than the
incident energy. Figure 7b shows the photoresponsivity in the visible
wavelength range for both the samples. As seen in Figure, the
Au-ZnO shows a broad photoresponse in the visible region in well
agreement with the absorption spectrum of Au-ZnO sample. The
responsivity in case of control ZnO is negligible. The visible photo-
response has been reported in many Au functionalized wide band
gap materials and was reported to be originated from the localized
surface plasmon resonance (LSPR) effect of Au NPs37,38. Figure 7c
shows the schematic illustration of the mechanism for visible photo-
response of Au-ZnO by charge transfer from Au to the ZnO. As seen

in Figure, under visible illumination, the electrons are excited to the
surface plasmon band of Au as the decay channel of LSPR is followed
by the electron transfer to the ZnO. The visible photo-activation of
wide band gap materials due to plasmonic effect can be useful for
many applications39–41.

Gas sensing devices. Figure S4 shows the schematic of the gas
sensing setup used in the present study, the details of which have
been discussed in the methods and measurements. Wavelength
tunable gas sensing measurements have been carried out in Au-
ZnO nanocomposite in presence of NO, CO and other volatile
organic compounds (VOCs) using photo-resistance measurements.
The sensor response (S) for a particular gas NO, is calculated using
the relation,

S(%)~
RNO{Rairð Þ

Rair
|100 ð2Þ

where RNO is the resistance of Au-ZnO film in presence of NO gas
and Rair is the film resistance in presence of dry air. Figure 8a shows
the dynamic gas sensor response of Au-ZnO nanocomposite device
upon exposure toNOwith different concentrations in dry air, for two
different incident wavelengths (335 and 350 nm) at room
temperature. The response of the control ZnO sample is also
presented for comparison at a particular wavelength (335 nm), as
shown in Figure 8a. The timing in the pulse sequence is maintained
as ‘ON’ for 15 min and ‘OFF’ for 15 min. Upon exposure to NO gas,

Figure 6 | (a) Schematic illustration showing the device diagram of Au-ZnO. (b) I-V characteristics of ZnO and Au-ZnO devices under dark

and UV illumination. (c) Photoresponse of ZnO and Au-ZnO devices in the UV region at 5 V. (d) Schematic illustration of charge transfer process in

Au-ZnO.
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Figure 7 | (a) I-V characteristics of ZnO andAu-ZnOdevices under dark and visible light illumination. (b) Photoresponse of ZnO andAu-ZnOdevices in

the visible region at 5 V. (c) Schematic illustration of charge transfer process in Au-ZnO.

Figure 8 | (a) Response of Au-ZnO and ZnO sensors to NO gas with various concentrations on illumination of UV wavelengths at room temperature.

(b) Response of Au-ZnO sensor to NO gas on illumination of visible light at room temperature.

www.nature.com/scientificreports
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a pronounced change in the response is observed even at very low
part-per-million (ppm) concentration levels for both the devices.
The sensing response of Au-ZnO device is significantly higher
compared to ZnO device (enhanced by 3 times for 4 ppm NO) for
325 nm wavelength. The response of Au-ZnO device is also
presented at different incident visible wavelengths upon exposure
to NO gas at room temperature, as shown in Figure 8b. The
response is found to be maximum for the device exposed to the
wavelength of 550 nm. As observed from the Figure, the sensor
response is restricted to lower ppm (2 ppm) levels because of the
increased resistance at higher ppm levels at those wavelengths, which
is higher than the instrumental detection limit (120 MV). On the
other hand, the use of control ZnO device is also limited to UV
illumination because of its negligible conductivity on exposure to
visible wavelength, with energy below the band gap.
Figure 9a presents the sensitivity (defined as response per unit

concentration of the gas or vapors) of Au-ZnO device as a function
ofwavelength at 2 ppm concentration ofNO. The sensitivity is found
to be maximum at 550 nm and decreases further at higher wave-
length. The sensitivity at 2 ppm of NO gas is 194 and 50%/ppm for
550 nm and 335 nm wavelengths, respectively. To the best of
authors’ knowledge there is no data reported of NO gas sensing at
room temperature on exposure to visible light using Au-ZnO nano-
composites. Most of the papers reported the sensing performance for
NO2 gas under UV irradiation at room temperature24,26,27. A his-
togram summarizing the selectivity of Au-ZnO sensor to NO gas

over CO and various volatile organic compounds is shown in
Figure 9b. The Au-ZnO sensor displays much better sensing select-
ivity in presence of NO compared to other gases measured at
335 nm. The selectivity is found to be best at 335 nm compared to
other wavelengths. This sensitivity is comparable in magnitude or
even better than the conventional sensors reported using metal oxi-
des operating at higher temperatures19,42,43.
The lowest detection limit of NO using Au-ZnO sensors can be

estimated in the following way44.

rmsnoise~

ffiffiffiffiffiffiffi

Vx
2

N

r

ð3Þ

Vx
2
~

X

(yi{y)2 ð4Þ

where rmsnoise is the rootmean square deviation of sensor noise in the
relative conductance of the baseline, yi is the measured data points in
the baseline (i.e. stable baseline before introducing theNOgas) andN
is the number of data points in the baseline. The measured data
points (yi) in the base line were plotted and a third order polynomial
was fitted through these points. The values of ywere calculated using
the fitting parameters. The detection limit (DL) has been calculated
using the relation:

DL~3|
rmsnoise

slope
ð5Þ

Here, the slope has been obtained from the linear fit of the response
versus concentration plot with a correlation coefficient of 0.99975
(Supplementary Figure S5). The detection limit of the NO gas sens-
ing is found to be 0.1 ppb for Au-ZnO device using 335 nm. The
capability of detection of very low concentration with high selectivity
makes photoconductive Au-ZnO attractive for NO gas sensors.

Mechanism of gas sensing. Because of the large surface-to-volume
ratio of ZnO nanostructures, oxygen molecules can be easily
adsorbed on the surface, creating a depletion layer with lower
conductivity (O2(gas) 1 e2 R O2

2(adsorption)). Upon
illumination, the electron-hole pairs are generated in the ZnO by
absorbing the UV light and the photo-generated holes migrate to
the surface along the potential gradient produced by band bending
and oxygen is desorbed from the surface (O2

2(adsorption)1 h1
R

Figure 9 | (a) Response of Au-ZnO sensor as a function of wavelength at

2 ppm NO concentration. (b) Histogram plot of Au-ZnO device

sensitivity upon exposure to different gases. Inset shows the sensitivity to

CO and other common VOCs.

Figure 10 | Schematic illustration of NO gas sensing mechanism for Au-
ZnO sensor in the presence of light.
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O2(gas)). This leads to an increase in the free carrier concentration
and a decrease in the width of the depletion layer. When the gas flow
is switched ON, NO molecules easily react with the photoelectrons
generated in the ZnO because of its electron affinity. The reaction can
be expressed by the following equation.

2NOze{~N2(g)zO{

2 ð6Þ

Due to the interaction of NOmolecules with electrons, the generated
O2 molecules are adsorbed on the surface of ZnO by capturing the
photoelectrons, as shown in Figure 10. So the surface depletion layer
in the ZnO nanosheet broadens again, which increase the resistance
of the film. In case of Au-ZnO sample, additional interband electrons
are provided by Au to interact with NO molecules, under the UV
illumination. The excited interband electrons can flow to ZnO to
increase the charge density or can directly interact with the NO
molecules. The increased charge density of ZnO leads to the
enhanced interaction with NO molecules, resulting in increased
photo-resistance of Au-ZnO sensor NO, as shown in Figure 10.
On the other hand, the sensing mechanism in the visible region is

primarily due to the localized surface plasmon response effect of Au.
A large number of electrons oscillate on the surface of Au due to the
resonance, when light interacts with it. This resonance is more sens-
itive to the charge density and dielectric environment of Au45. As
already mentioned, NO molecule has strong electron affinity, which
can easily adsorb on the surface of Au NPs to trap the electrons. As a
result, the charge density of Au decreases, which eventually increases
the resistance of the film. The NO gas molecules adsorbed on the
surface of the Au-ZnO nanocomposite only contribute for sensing
response. The sensing response in the UV region is enhanced mainly
due to the photogenerated electrons in ZnO, with relatively less
contribution from electrons of Au. Since the LSPR is predominantly
a surface effect in the presence of visible light illumination, an
enhanced interaction of the adsorbed NO gas molecules with elec-
trons from Au are expected on the surface. The oscillating electrons
of AuNPs due to LSPR have been reported to enhance the interaction
with the adsorbed gas molecules45. Therefore, the sensing response is
higher in the visible region compared to the UV one because of LSPR
effect of AuNPs. These results suggest the potential of plasmonic Au-
NP functionalized ZnO for light induced gas sensing applications at
different wavelength (including the visible region) at room
temperature.

Conclusion
In conclusion, we demonstrated the operation of an efficient Au-
ZnO UV photodetector and a plasmon enhanced NO gas sensor
working at room temperature. The UV photoresponse of Au-ZnO
nanocomposite is enhanced by 80 times over the control ZnO. This
enhancement is attributed to the interband absorption or hole trap-
ping ability of Au NPs within the nanocomposite, while the
improved photoresponse in the visible region for Au-ZnOnanocom-
posite originates from the LSPR effect of Au NPs. The sensing res-
ponse of Au-ZnO nanocomposite device is enhanced by three times
at 4 ppm of NO gas under UV illumination over the control ZnO.
The sensor response is found to be higher at visible wavelength
region than the UV one, due to the plasmonic effect of Au NPs.
The enhanced gas sensitivity of Au-ZnO nanocomposite both in
UV and visible regions is due to the availability of copious electrons
over the control ZnO. The sensitivity of Au-ZnOnanocomposite NO
sensor is comparable or even better than the conventional ones based
on metal oxides operated at higher temperatures reported in the
literature. The sensor is found to be highly selective for NO over
CO and other VOCs with a minimum detection limit of 0.1 ppb.
The results suggest the potential use of Au-ZnO nanocomposite for
gas sensors using plasmonic platform. The present study provides a
novel platform for designing metal/wide band gap semiconductor
nanocomposites for enhanced UV detection and wavelength tunable

NO gas sensing operating at room tempearture by harvesting light in
the visible region.

Methods
Preparation of ZnO nanostructures. Zn(NO3)2.6H2O (6 g) was dissolved in 500 ml
deionized (DI) water at room temperature in an ultrasonic bath. The NaOH solution
(1.5 g in 10 ml DI water) was added drop wise to the Zn(NO3)2.6H2O solution under
vigorous stirring at room temperature. The combined solution was heated at 200uC
for 12 hrs. The extracted ZnO nanostructures from the solution were cleaned with DI
water for 2 or 3 times and dried in air at 100uC.

Preparation of Au-ZnO nanocomposites. For preparation of Au-ZnO
nanocomposites, 100 mg ZnO nanostructures were dispersed in DI water (100 mL)
by strong sonication for 25 min and then 8 mL HAuCl4 aqueous solution (2.5 3
1023 M) was added to the above dispersion. The reaction mixture was kept under
UV-light irradiation (365 nm) for 10 hrs. The prepared Au-ZnO material was
centrifuged at 5000 rpm followed by washing it several times with DI water and
drying at 100uC. Subsequently, the Au-ZnO material was annealed at 600uC for 1 hr
in oxygen atmosphere, to obtain deep red color, indicating the formation of
plasmonic Au-ZnO composite. A 1 mm thick Au-ZnO film was deposited on the
interdigitated platinum electrodes (0.643 0.64 cm2) with inter-electrode separation
100 mm by spin coating for electrical measurements.

Measurements. The morphology of as-prepared nanocomposite was studied by
transmission electron microscopy (TEM) (JEOL, JEM – 2100) with an incident
energy 200 keV. The phase of Au-ZnO nanocomposite was analyzed by X-ray
diffraction (XRD) (Philips, X-Pert MRD) at a grazing incident angle (,2.0u) using
CuKa radiation. The chemical bonding of nanocomposite was studied using X-ray
photoelectron spectroscopy (XPS) (ULVAC – PHI, INC, Japan) with a microfocused
(100 mm, 25 W, 15 kV) monochromatic Al-Ka beam. The device was kept inside a
sealed and transparent quartz window stainless steel chamber for gas sensing
measurements. The electrical contacts to the sensor element were made using two
probes connected with the chamber. The chamber had an inbuilt heater which was
used to do the measurements at high temperature. The wavelength tunable sensing
response was measured using a setup consisting of a broad band light source and a
monochromator. Mass flow controllers (MFCs) were used to control the flow rates of
carrier and test gases at appropriate proportion. These MFCs were controlled by a
four channel power supply (MKS 247). The photo-resistance of gas sensors fabricated
on interdigitated electrodes were measured using an Agilent 34972A LXI Data
Acquisition (DAQ) unit fitted with 34901A 20 channel multiplexer switches and a
digital ohm meter with a resolution of 0.1 3 1026 V. BenchLink Data Logger Pro
software was used for data acquisition.
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