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Comparative study on gas sensing by a Schottky
diode electrode prepared with graphene-—
semiconductor—polymer nhanocomposites
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This paper studies the performance of a gas sensor based on an organic/inorganic diode for ammonia
(NHs), nitrogen (N,) & oxygen (O,) sensing under atmospheric conditions at room temperature and
different humidity levels. The diode structure consists of a layer of different kinds of polymer (PTFE,
PVDF, PANI) deposited on top of BiVO,4. The polymer layer, which is filled with different ratios of
graphene oxide (GO), is prepared from the solution phase. We show that the current-voltage (/-V)
response of the diode and the sensing performance are improved significantly by adding GO to the
polymer layer. The sensing response is highest for a diode with 0.04 wt% of GO. At room temperature,
the poly-GO (0.04 wt%)/BiVO, Schottky diode shows a sensitivity of 194 ppm upon exposure to 20 ppm
of NHz in ambient air with rapid response and recovery times between 95 and 101 s, respectively. The
sensor based on the polymer—GO diode is cost-effective, environmentally friendly, and easy to fabricate

rsc.li/rsc-advances

Introduction

Ammonia has been widely used in agricultural, medical, and
industrial applications.”” NH; is a colorless and toxic gas that
can cause severe problems for human health. On the other
hand, N, & O, has been detected for comparison with NH; gas.
To measure NH; in the atmosphere, fabricating an efficient and
reliable NH; sensor that has a high sensitivity, rapid detection
response, and rapid recovery time is essential. Solid-state NH;
gas sensors have been the focus of recent research.>* Schottky
diode heterojunctions are promising candidates for sensing
a low concentration of gases, since upon gas exposure, a small
change in the chemical composition of the layers, contact
barriers, or even the interfaces can lead to a huge difference in
the diode response or current-voltage (I-V) characteristics.>*”
Recently, Chen et al. have reported a Pt/AlGaN/GaN Schottky
diode that detects NH; at 35 ppm with a response time
approaching 7 min and a sensitivity of 13.1.* However, the re-
ported high sensitivity was achieved at elevated temperatures,
50 °C (423 K) instead of room temperature. A Schottky diode-
type ammonia sensor with high sensitivity, rapid detection
response and rapid recovery time is still required. Other kinds
of polymer (PTFE, PVDF, PANI) include conducting polymers
with high conductivity, environmental stability, optical trans-
parency, and moderate redox potential.*** Recently, gas sensors
based on PTFE, PVDF, or PANI have been introduced as
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using low-cost solution-processing methods.

promising gas detectors with efficient properties, such as
a facile fabrication process, low cost, high sensitivity, and fast
response time.*>**** It is well-known that (PTFE, PVDF, PANI) are
conductive polymers with high stability in air, suggesting their
potential in sensing applications. For instance, Lin et al. fabri-
cated a nitric oxide (NO) gas sensor by using a (PTFE, PVDF,
PANI) modified electrode.'” However, the response and recovery
time were long, about a few minutes.”” Mixing (PTFE, PVDF,
PANI) with carbon nanostructures, such as graphene sheets
(and its derivatives), creates a composite material with stronger
mechanical strength and better electrical properties because of
its high surface to volume ratio.*'* Water-soluble graphene
oxide (GO) has a unique heterogeneous electronic structure
because of the presence of mixed sp®> and sp® hybridiza-
tions.****° Poly-GO composites have been recently employed as
electrical contacts in organic solar cells®**** and light-emitting
diodes,®** as an electrode in batteries,>?* within the
hydrogen evolution reaction,* as supercapacitors,* as gas and
chemical sensors*~* and as transistors.** For sensing applica-
tions, poly-GO composites hold great promise because of the
large surface area of the GO flakes.** The GO sheets provide
a better platform to absorb the target gas and to provide elec-
tron transfer within the conductive network of (PTFE, PVDF,
PANI). Besides the absorption of gas on the surface of the hybrid
layer, the interfaces between the composite and semiconductor
in diode-based gas sensors can be used in the detection of gas,
leading to a higher response than with pure (PTFE, PVDF, PANI)
based gas sensors. Here, we mixed GO sheets in different
concentrations with (PTFE, PVDF, PANI) water-based suspen-
sions and used the composite as an ammonia-sensing layer in
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a BiVO, Schottky diode. The GO sheets were prepared by
a modified Hummer’s method.***** The diode parameters and
sensing performance improved by adding an infinitesimal
amount of GO into (PTFE, PVDF, PANI). At a low GO loading of
0.04 wt% in (PTFE, PVDF, PANI), the diode showed a sensitivity
of 194 to 201 ppm ammonia in the atmosphere at room
temperature (25 °C), with a response and recovery time of 95
and 121 s, respectively. In this work, a new class of high electron
mobility Schottky diode gas sensor is presented as a chemical
sensing platform with high performance, good stability, low
limit of detection down to ppb level and functionality at room
temperature. The key components in our design of the device
are a Schottky contact material on an organic/inorganic diode
formed by different kinds of polymer (PTFE, PVDF, PANI)
deposited on top of BiVO, Gas sensors based on GO have
shown high sensitivity at room temperature and rapid response.
The sensing mechanism of the device in this work is based on
the coupling effect between the GO nanosheets and the (PTFE,
PVDF, PANI) deposited on top of BiVO, surface, while the GO
nanosheets showed p-type characteristics mainly caused by
exposure to the ambient environment and their van der Waals
heterostructure with the polymer layers, forming a Schottky
diode with BiVO,. When the diode sensors were introduced to
NH; gases for investigation of their sensor response, the
Schottky diode sensor with an organic/inorganic diode formed
by different kinds of polymer (PTFE, PVDF, PANI) deposited on
top of BiVO, responded more rapidly and strongly to NH; gases,
down to ppb levels. This heterostructuring of a GO active
Schottky diode based on an organic/inorganic diode formed by
different kinds of polymer (PTFE, PVDF, PANI) deposited on top
of BiVO, sensing layer will form the next generation of gas
sensor applications. Due to its gas detection capabilities at
room temperature, the Schottky diode gas sensor has great
potential for integration into portable wireless electronic
systems for a variety of applications.

Experimental

Graphite flakes, hydrogen peroxide, potassium permanganate
(KMnO,), and poly(3,4-ethylenedioxythiophene):
poly(styrenesulfonate) (PTFE, PVDF, PANI), 1.3 wt% disper-
sion in H,O, conductive grade, pH 10 were purchased from
Sigma Aldrich. Sulfuric acid, hydrochloric acid, (NH;, N, O,),
methanol, ethanol, acetone, and dimethyl sulfoxide (DMSO)
were purchased from Merck and used without any purification.
GO was synthesized using a modified Hummer’s method with
expanded graphite.’®" The obtained GO was diluted in deion-
ized water (1 mg ml™"). The solution was then sonicated for
20 min in a bath sonicator, followed by centrifugation at
5000 rpm for 5 min. The GO sheets produced with this proce-
dure had a lateral size of 60 mm. After filtration of (PTFE, PVDF,
PANI) (0.5 mm pore size), different concentrations of GO (0.00,
0.02, 0.04, 0.06, and 0.08 wt%) along with 6 wt% of dimethyl
sulfoxide (DMSO) were added and stirred for 6 h. The device
structure of the poly-GO/BiVO, gas sensor is illustrated in
Fig. 1a. Ohmic back contacts to the BiVO, wafer (1 x 1 cm?)
(with impurity concentration of 1.5 x 10'® atoms cm?) were
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Fig. 1 XRD data of BiVO4-GO-PTFE; BiVO,-GO-PVDF and BiVO4—
GO-PANI sample.

made using Au-Ge alloy (100 nm) physical vapor deposition on
the reverse side of the BiVO, wafers. The back contacts were
then annealed at 350 °C under a nitrogen atmosphere for 3 min.
Poly-GO with different GO loading ratios (0.02, 0.04, 0.06,
0.08 wt%), were spin-coated on the top surface of n-type
epitaxial BiVO,. The comparison BiVO, was cleaned prior to
poly-GO deposition using Piranha solution. The devices were
then dried for 60 min in a furnace (Exciton, EX1200-4L) at 80 °C
under a nitrogen atmosphere. Ohmic top metal contacts were
then made by vacuum evaporation (10~° mbar) of silver (200
nm) on top of the active layer. Freeze-dried GO samples were
examined with scanning electron microscopy (SEM, JEOL-6390).
Transmission electron microscopy (TEM) images were obtained
using a JEM-2200 FS at 200 kV. Fourier-transform infrared
spectroscopy (FTIR) analysis was performed using a Bruker, IFS-
66/S over the wavenumber range of 4000-400 per cm. X-Ray
diffraction (XRD) studies were performed to characterize the
interlayer spacing of the GO samples using a powder XRD
system (Philips1825) with Cu Ka radiation (1 1/4 0.154 nm),
operating at 40 keV and with a cathode current of 20 mA. The
thickness of the poly-GO thin films was obtained by SEM cross-
section measurements. The sensors were placed inside a home-
made test chamber, as schematically illustrated. The chamber
was connected to a mixer where the ammonia gas and highly
purified nitrogen (99%) were mixed. Mass flow controllers
(MFC, Alicat Scientific, Tucson, AZ, USA) were used to modulate
the flow rates of ammonia and nitrogen. The /-V measurements
of the sensors were made using a Keithley 238 high current
source measure unit. The forward biased I-V characteristics of
the junction before and after exposure to NH; were recorded.
The maximum current change at a fixed voltage (p 1.5 V) was
used to determine the sensitivity of the sensors. The sensitivity
was defined using sensitivity i]air/lgas, by measuring the currents
of the poly-GO/BiVO, heterojunction in air and in the presence
of NH;. The standard experiments were carried out at room
temperature (25 °C) and a relative humidity of 15%.
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Characterization of GO sheets

The XRD spectrum of the as-prepared GO is given in Fig. 1. The
sharp peak at 26 = 10.1 confirms the d-spacing of 8.78 A, thereby
suggesting that the GO sheets are interlinked via functional
(carboxyl and hydroxyl) groups. Fig. 2b shows the FTIR spectra of
the prepared GO. The vibration modes of the GO sample were
assigned in accordance with previously reported work.'*** The
characteristic peaks of the as-prepared GO were assigned at
3423 ecm ' (O-H stretching vibrations are assigned to the
hydroxyl groups on the GO surface), 1742 cm™ ' (C550 groups in
carbonyl and carboxyl moieties), 1631 cm " (skeletal vibrations of
unoxidized graphitic domains (C55C)), 1416 cm ™' (C-O carboxy),
1220 em ™' (C-O epoxy), and 1150 cm™ ' (C-O stretching vibra-
tions).'*** An SEM image of the as-prepared GO is given in Fig. 2.
The depicted GO sheets were measured to have a lateral size in
the range of 40-80 um. However, smaller fragments of GO sheet
with a lateral size between 20-30 pm were also observed.
According to the cross-section image of the Schottky diode the
thickness of the (PTFE, PVDF, PANI)-GO is almost 950 nm.

In addition, such an amorphous structure is also revealed by
TEM investigation, as shown in Fig. 3. This poly-GO-BivO, was
found to actually consist of many smaller nanoparticles with
a size of about 50 nm. TEM imagery (Fig. 3) was recorded on the
edge of the nanoparticle. The clear lattice fringe specifies the
high-crystallinity and single-crystalline behaviour of the nano-
particles. The interplanar spacing is 0.309 nm, which
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Fig. 2
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corresponds to the (121) plane of monoclinic BiVO,. It has also
been reported that small grain size and high crystallinity
endowed increased photocatalytic activity for increased reactive
sites, and promoted electron-hole separation efficiency. Thus,
the as-prepared nano poly-GO-BiVO, was expected to show
enhanced sensing performance.

Raman spectroscopy is one of the most helpful tools to char-
acterize carbon-based materials. Fig. 4 shows the Raman spectra
of selective poly-BiVO,~GO composites (a) BiVO,~GO-PVDF; (b)
BiVO,~GO-PTFE and (c) BiVO,~GO-PANI. Consistent with the
XRD results, the Raman spectra show that BiVO, has a mono-
clinic phase, on the basis of the characteristic stretching vibra-
tions and bending vibrations of the VO,>” tetrahedron. The
Raman spectrum of PANI-BiVO,~GO demonstrates one charac-
teristic band at 1600 cm™?, corresponding to the G band of GO,
accordingly. In comparison, the BiVO,~GO-PTFE and BiVO,~-GO-
PVDF composites show that the G band is a little red shifted to
1606 cm~ ' which may, accordingly, be caused by the changed
surface strain, due to the contact between GO and BiVO,. This
phenomenon is consistent with that observed in the hydro-
thermal in situ preparation of the poly-BiVO,~GO composites,
where a D/G ratio close to zero suggests the effective combination
of BiVO,~GO with PANI polymer and others.

The composition of the poly-BiVO,~GO heterogeneous
nanostructures has been further investigated using X-ray
photoelectron spectroscopy (XPS). Fig. 5 shows the high-
resolution XPS spectra of the as-prepared poly-BivO,-GO
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SEM image of (a) BiVO4—GO-PVDF; (b) BiVO4—GO-PTFE and (c) BiVO,4-GO-PANI (d) BiVO,-GO-PVDF sample.
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Fig. 3 TEM & HRTEM image of (a) BiVO4~GO-PVDF; (b) BiVO4~GO-PTFE and (c) BiVO4~GO-PANI (d) HRTEM image.
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Fig.4 TEM & HRTEM image of (a) BiVO4-GO-PVDF; (b) BiVO4-GO-
PTFE and (c) BiVO4-GO-PANL.

heterogeneous nanostructures. Fig. 5a shows that the binding
energies are located at about (160.1 and 166.5) eV, corre-
sponding to the Bi4fs,, and Bi4f,,, bands, respectively. The XPS
spectrum of the O1s band, indicating that different oxygen
species exist on the surface of PANI-BiVO,~GO heterogeneous
nanostructures. The binding energies located at about
(532.2 and 533.1) eV are ascribed to the O1s band of the lattice

This journal is © The Royal Society of Chemistry 2019

oxygen of GO crystallites and the O1s band of the lattice oxygen
of BiVO, crystallites, respectively. In the high-resolution XPS
spectrum of the V2p band, the peaks at about (527 and 518.5) eV
correspond to V2p,,, and V2p;/, bands, respectively. The XPS
spectrum of the C1s band presented in Fig. 5a, clearly shows
one peak located at 287.3 eV, which corresponds to the Cis
bands of GO and PANI crystallites, respectively. The C1s peak is
accompanied by two satellites that are evident on the high-
binding-energy side, denoted as peaks I and II, which are
located at about (287.3 and 287.5) eV, respectively. The main
peak in the XPS spectrum of the N1s band is known to be
characteristic of N>7; the shake-up satellite peaks are evident,
and are diagnostic of an open 3p” shell of the N>~ state, indi-
cating the presence of PANI at the surface. The fact that XRD
does not show evidence of a PANI phase while XPS shows the
surface presence of N>~ ions suggests that -NH, is present only
on the surface of the PANI nanocrystals, and forms a very thin
amorphous outer shell. On the basis of the above experimental
results of XRD, TEM, and XPS, it can be deduced that the N
element exists in the form of NH™ on the surface of PANI-
BiVO,-GO heterogeneous nanostructures.

|-V characteristics of the poly-GO/
BiVO,4 Schottky diode

The forward bias I-V characteristics of the poly-GO-BiVO,
Schottky diodes fabricated with different GO contents show

RSC Adv., 2019, 9, 11484-11492 | 11487
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Fig. 5 XPS data of (a) BiVO4—~GO—-PANI & (b) BiVO4-GO—-PVDF.

a decent rectifying behavior. The forward bias increases via
doping the (PTFE, PVDF, PANI) solution with different amounts
of GO. The maximum forward bias current was measured for
0.04 wt% GO, which shows the highest conductivity. However, if
one adds an excessive amount of GO, up to 0.40 wt%, the diode
behavior degrades. The observed behavior in diode perfor-
mance can be rationalized via changing the conductivity of
(PTFE, PVDF, PANI) by adding GO. The conductivity increases
with the addition of GO, reaches a maximum value at 0.04 wt%,
and drops by further addition of GO (as will be explained in
detail in the next section). Therefore, because of the reduction
of conductivity at higher loading, the diode performance
deteriorates.

Ammonia-sensing properties

The NH; response of the poly-GO/BiVO, Schottky diode at an
applied potential of p 1.5 V is shown in Fig. 6. The diode at
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Fig. 6 Optimal manufacturing process for the polymer-based gas-
sensor. Cyclic voltammogram of BiVO,-GO-PTFE/O,; BiVO,-GO-
PVDF/O, and BiVO4-GO-PANI/O, after flowing O, gas.

0 wt% GO showed a weak response in sensitivity when exposed
to different NH; concentrations. However, as the concentration
of GO increased to 0.04 wt%, the sensitivity of the diode
increased. Upon further increasing of GO in the (PTFE, PVDF,
PANI) solution, the sensitivity dropped again to the level of
pristine (PTFE, PVDF, PANI). The sensitivity value of the poly-
GO (0.04 wt%)/BiVO, heterojunction was measured to be 3654
in 1800 ppm NHj;, which is nearly two times higher than the
pristine (PTFE, PVDF, PANI). The conductivity of the sensing
layer as a function of GO concentration is shown in Fig. 7. This
improvement in sensitivity is attributed to the increase in
conductivity with added GO (0.04 wt%) nanosheets from 650
(Sem™) in 0 wt% GO to 950 (S cm ') in 0.04 wt% (Fig. 8). The
reason for the increase in conductivity as well as the
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Fig. 7 Concentration dependence of the electrical response (AR) for
BiVO4-GO-PANI sample in response to increasing levels of O,
concentration (ppm).
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Fig. 8 Optimal manufacturing process for the polymer-based gas-
sensor. Cyclic voltammogram of BiVO4—-GO-PTFE/N,; BiVO4-GO-
PVDF/N, and BiVO4,—-GO—-PANI/N, after flowing N, gas.

morphological study was given in detail.>**® Briefly, because of
several functional groups (such as -COOH and -OH) on GO
nanosheets, positively charged PTFE, PVDF, PANI chains adsorb
on the surface of GO nanosheets. The absorption of PTFE,
PVDF, PANI chains induces a phase separation between PTFE,
PVDF, PANI chains, which enlarges the PTFE, PVDF, PANI
domain (Fig. 9). Moreover, as a result of coulombic repulsions
among the positive charges in the PTFE, PVDF, PANI chains
adsorbed on the surface of the GO, PTFE, PVDF, PANI chains
form a linear conformation which increases the number of
active sites available to the analyte (Fig. 10).>**° In addition, the
formation of linear PTFE, PVDF, PANI chains and the phase
separation between PTFE, PVDF, PANI enlarge the PTFE, PVDF,
PANI-rich domains with longer conductive pathways, leading to
an increase in carrier mobility. On the other hand, by further
increasing the GO content (more than 0.04 wt%), more
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Fig. 9 Concentration dependence of the electrical response (AR) for
BiVO,4-GO-PANI sample in response to increasing levels of N,
concentration (ppm).
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Fig. 10 Optimal manufacturing process for the polymer-based gas-
sensor. Cyclic voltammogram of BiVO,-GO-PTFE/NH3z; BiVO,-GO-
PANI/NHz and BiVO4—GO-PVDF/NH- after flowing NH= gas.

functional groups on GO sheets can bond with fewer PTFE,
PVDF, PANI chains by coulombic attraction. Thus, because
there are fewer PTFE, PVDF, PANI chains distributed in GO
nanosheets, the coulombic repulsions between the positive
charges in the PTFE, PVDF, PANI chains are reduced. As a result
of less coulombic repulsion, the PTFE, PVDF, PANI chains on
the surface of GO again form a coil structure (Fig. 10). There-
fore, the carrier mobility and the number of available active
sites for interacting with analyte molecules will decrease and
the performance of the (NHj, N,, O,) sensor will diminish.
Indeed, the concentration of GO in (PTFE, PVDF, PANI) has an
important role in the performance of the sensor. Moreover, the
addition of GO into (PTFE, PVDF, PANI) has a synergistic effect
that increases the response to (NHj, N,, O,). In our previous
work, we investigated the sensing mechanism of (PTFE, PVDF,
PANI)-GO exposed to volatile organic compound (VOC) gases.*®
Briefly, the NH; gas molecule acts like an electron donor. When
the (PTFE, PVDF, PANI)-GO sensing layer is exposed to an
electron donor (like an NH; molecule), the charge carriers
(holes) in a p-type semiconductor like (PTFE, PVDF, PANI)-GO
decrease, increasing film resistivity. In addition, NH; molecules
interact not only with the (PTFE, PVDF, PANI) and GO, but also
by m-m bonding interactions between GO and (PTFE, PVDF,
PANI). The interaction between (NHj3, N,, O,) polar molecules
and (PTFE, PVDF, PANI)-GO leads to a charge transfer across
delocalized T electrons, resulting in the measured improved
gaseous detection properties.’®*® In the next step, room-
temperature I-V characteristics of the (PTFE, PVDF, PANI)-GO
(0.04 wt%)/BiVvO, heterojunction at different concentrations
(ppm) of NH; were measured, as presented in Fig. 11. The (NH3,
N,, O,) concentration was varied systematically between 200-
1800 ppm. The sensor response (%) versus (NHz, Ny, O,)
concentration was extracted from Fig. 11. The sensor response
increased from 26 to 3654 with increasing NH; concentration
from 200 to 1800 ppm. The detection limit of (NH;, N,, O,) for
the poly-GO (0.04 wt%)/BiVO, heterojunction gas sensor was

RSC Adv., 2019, 9, 11484-11492 | 11489
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Fig. 11 Concentration dependence of the electrical response (AR) for
BiVO4-GO-PVDF sample in response to increasing levels of NHsz
concentration (ppm).

thus estimated to be 200 ppm at the room temperature. As the
(NH3, N, O,) concentration reaches 1800 ppm, the response of
the sensor saturates, because of the chemical nature of NH; and
the reaction products, which may not diffuse away from the
interface immediately upon completion of the reaction.*® The
response time of the sensor is shown in Fig. 12. The time-
dependent response was measured at a constant voltage of
1.5 V. The resistance difference (AR) with different concentra-
tions of NH;3 gas (40, 60, 80 and 100 ppm) is illustrated in
Fig. 12. The maximum sensitivity is reached within 8 seconds,
and the recovery time approaches 101 seconds.

Temperature effects

Compared to metal oxide-based gas sensors,***”*® the poly-GO
thin-film gas sensors operate at lower temperatures. The
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Fig. 12 Dynamic response of the BiVO4-GO-PANI gas sensor with
different concentration of NHs gas.
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Fig. 13 Effect of temperature on the NHz gas sensing response of the
BiVO4—GO (0.04 wt%)—-PANI Schottky diode sensor.

temperature response of the sensor for 200 ppm NHj; is given in
Fig. 13. The interaction between the poly-GO thin film and NH;
is exothermic; hence the activation energy of desorption is
larger than that of the adsorption.*® The increase in tempera-
ture facilitates both gas adsorption and desorption, but favors
the process with a higher activation energy.'”**** Therefore the
observation of a longer recovery time, as well as the decrease in
response at higher temperatures, is attributed to a high NH;
desorption rate.'>*>*

Stability

Fig. 14 indicates the stability of the poly-GO (0.04 wt%)/BiVO,
gas sensor exposed to 35 ppm NH;, N,, O, for 7 days at room
temperature (25 °C and 17% RH). The response of the gas
sensor slightly decreases from 181 to 175 after 4 days, and it

200
J —=— BiVO -G-PANI/NH,(35ppm)
190 4 —e— BiVO,-G-PANI/N,(35ppm)
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Fig. 14 Stability of the gas sensor exposed to 35 ppm NHsz, N, O,
gases, with the BiVO4—G—-PANI sample.
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Fig. 15 Response of the sensor based on BiVO4—GO—-PANI to various
gases at 25 °C.

remains almost unchanged for three days. Therefore, the
stability of the sensor is quite good and enables long-term
application.

Selectivity

More quantitatively, a comparison of sensitivity evolution with
the nature of the gas (Fig. 15) shows that NH; provides
a response that is at least 2.5 times larger than the other gases
(methanol, ethanol, acetone, N,, CO, and O,) of nearly
equivalent sensitivity. The reaction of poly-GO (0.04 wt%) to
the different gases can be ordered as follows from high to low
response: NH; > CO, > N, > O, > acetone > methanol > ethanol.
The selectivity and response results demonstrate that the
response of the sensor depends not only on the chemical
interactions between analytes and PTFE, PVDF, PANI chains,
but also on such parameters as adsorption of analytes on the
graphene oxide, accessibility to adsorption sites, and swelling
at junctions between graphene foils.*>

Conclusion

In conclusion, a series of poly-GO/BiVO, heterojunction
Schottky diodes were fabricated and their operation as room-
temperature ammonia, N, & O, gas sensors was investigated.
The highest sensitivity of the sensor was demonstrated for the
poly-GO composite with 0.04 wt% loading of GO sheets in the
presence of PANI polymer. The ammonia sensors were shown to
have high sensitivity and fast response time to different NH;
concentrations. Poly-GO-BiVO, films could be used as an active
sensing material in Schottky diode-type sensing applications
that require high speed, high sensitivity, and outstanding
selectivity.
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