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Abstract

A chemical sensor's sensing capability, stability, and specificity for detecting gases in a range
of environments are important to the sensor's commercialization. We created highly selective
ammonia sensors using Pd nanoparticles and reduced graphene oxide (rGO) nanocomposites.
It was revealed that hierarchical nanoarchitectures may be created with excellent efficiency
using a surfactant-free hydrothermal approach for the fabrication of sensing components. The
generated rGO and PD/rGO nanocomposite's structure, morphology, and electronic properties
were examined using AFM, FESEM,and EDS technique. To further understand the detecting
abilities of the sensors; dosage, temperature, and time-dependent ammonia and carbon
monoxide sensing experiments were conducted on pure rGO and Pd/rGO nanocomposite
sensors. The 2 wt. % Pd/rGO nanocomposite sensor achieved a sensor response of 97 percent
at 100 °C, which is a seven fold increase over a pure rGO-based device. It was required to
test the sensor's selectivity by exposing it to various reducing gases, such as carbon
monoxide. When comparison to carbon monoxide, the sensor exhibited the strongest
reactivity to ammonia. The current sensors' detecting capability implies that they might be

employed for very selective ammonia detection, which is an exciting prospect.
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1. Introduction

Graphene, a single layer of pure graphite composed of sp? hybridised carbon covalently
bound to additional three atoms, has lately drawn the interest of researchers because of its
unmatched physical, structural, chemical, and electronic capabilities [1-5]. The material's
exceptional mechanical capacity, ultrafast energy transfer capability, and high surface area
enable the substance to be used in future gas and vapor detectors with ultrafast response times
and long-term longevity. Because pristine graphene is a 2-D substance, each carbon atom
may be regarded as the surface atom, and hence each carbon atom site can be engaged in gas
dynamics. This property of pristine graphene may ultimately account for its extremely
sensitive sensor performance, with sensing techniques as low as a single molecule [6-8].
Additionally, the material's ease of functionalization, whether chemically or mechanically,
enables bandgap engineering, which may result in a reasonable option to the specificity issues
that plague chemical sensors. The newest advancements and fresh prospects in carbon
materials gas and vapor detectors have been extensively examined in this study [9-14].

Single and few layered pristine graphene have been demonstrated to have a plethora
of technical and scientific breakthroughs through unique nanodevice usage, the most
significant of which being chemical and biosensors [15-18]. Electrons can travel at a million
metres per second (mobility in the order of 210,000 cm?/V/s) inside pristine graphene due to
the easy sailing of electrons through the flawless honeycomb structure of pristine graphene.
Each pristine graphene atom may be seen of as a surfaces atom designed to interact with the
particle of the gas/vapor molecules, resulting in high sensor response. The ionic conductivity
of pristine graphene varies significantly upon exposure to and subsequently adsorption of the
targeted substances due to a change in the free electron. The amount of contact between the
target gas/vapor particle may approach that of a single molecule, at which point the lowest
quantum of consequent change in conductance may be detected in pristine graphene [16].

All these remarkable electronic features, combined with pristine graphene's enormous
mechanical robustness, have elevated pristine graphene to a potential competitor as a future
material for a variety of applications, including gas and VOC sensors [19-22].

Despite its great popularity as a result of recent significant improvements, the primary
disadvantage of exfoliation is its 'poor productivity,” which precludes large-scale pristine
graphene production necessary for batch manufacturing of devices. Another impediment is
that the procedure is incompatible with current Si technology [23]. Nevertheless, the poor
output may be compensated for by chemical treatment and CVD, and the incompatibility
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issue with Si processing technologies resolved by epitaxy. As a result, such physical
exfoliating techniques are useful when high-quality pristine graphene architecture
preservation is needed.A big breakthrough was achieved lately in the field of chemical
exfoliating when it was demonstrated that pure graphite might be gently exfoliate in the
liquid state to provide defect-free single layer pristine graphene [25]. Although the technique
has the potential to be scaled up to an industrial scale, it must first be resolved in order to
address challenges such as thicknesses regulation of the pristine graphene sheets and
repeatable manufacture of large-area pristine graphene.A novel technique for dispersing pure
graphite in micellar solutions has been developed, which makes use of ultrasonography to do
this [26-30]. Because of this, wide-scale exfoliation occurs, resulting in huge volumes of
multi-layered pristine graphene with much less than five layers and small amounts of single
layer pristine graphene being produced. As a result of the adsorbed surfactants molecule ions,
the exfoliated grains are stabilised against reaggregation by the action of Coulomb
interaction. After proving to be effective, this technology has garnered the attention of the
semiconductor industry as a feasible approach for the post-CMOS era.

When it comes to gas/VOC sensors, the ultimate goal ought to be the identification of
a specific species with the ability to sense to the level of an individual element or compound.
GO has an exceptionally large surface/volume ratio, allowing it to detect small amounts of
target gases [31-34]. Therange of sensitivity for pristine graphene detectors can vary
anywhere from one individual atom to extremely high dosage levels. Furthermore, due to its
mechanical resilience, pristine graphene, in contrast to carbon nanotubes, does not endanger
its 2-D delocalized conduction capabilities due to its mechanical robustness. The sensor
signal's electronic and mechanical qualities may be easily utilized in order to execute the
transduction of the information.

Because fundamental pristine graphene does not have any dangling bonds which is
highly desired for gas/vapor reaction and hence does not increase the adsorption of
compounds on pristine graphene sheets, as previously stated, natural pristine graphene poses
a challenge [35-37]. As a result, pristine graphene must be designed and synthesized with
polymers. The thin functional coating of improves the adhesion of target gases, resulting in a
substantial change in the baseline resistance. In the field of chemical sensor study,
doping/surface alteration, particularly by noble metallic ions, has long been long recognised.
When using pristine graphene, the specific benefit is that it has extraordinarily high
conductivity and noise cancelling, which allows for the detection of changes in baseline
resistance even at levels as low as ppm and ppb of the specific species [38-42]. In addition,
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functionalization of reduced GO can be used to improve chemical affinity and specificity in a
variety of applications. In the presence of the carrier, there is a local shift in carrier
concentration [43].

To increase the sensing capability of graphene, several distinct forms of oxidised
pristine graphene have been researched in the past. When the device is tested both in reducing
and oxidising situations, it exhibits a normal p-type response as expected. In addition, by
altering the temperature range and oxygen levels, the particular reaction to NO, was
investigated. GO was shown to have significant sensing activity, which was demonstrated to
be mostly due to surface oxygen units. As a result, this demonstrates the adaptability of
pristine GO in gas/VOC detection [44-48].It has been discovered that the substrate for
fabricating pristine graphene-based chemical sensors is an important and challenging
parameters of the sensors [49].

The study of fabricating pristine graphene is developing at a breakneck pace around the
world, and notable academics have reported on the material's excellent tensile, electrical,
photonic, and magnetic capabilities. It is unquestionably an indication of the favourable
futuristic characteristics of the usage of pristine graphene on a wide scale [50-52].
Processability, doping capability, compact device designs, and compatibility with a range of
surfaces can render pristine graphene a nearly ideal material. In order to assess the potential
use of pure graphene for realistic chemical gas detection and large applications in the future,
further efforts will be required in the future to transfer laboratory research results to field

operations.

2. Experimental work
To complete the synthesis, graphite powder (99 percent purity), palladium chloride (99
percent purity), sodium hydroxide (99 percent purity), potassium permanganate, hydrogen
peroxide, ethanol and methanol, sulphuric acid, and hydrochloric acid were all used as
solvents. All of the chemicals were acquired from Alfa Aesar and were utilized without any
additional purification or processing.

Graphene oxide (GO) was manufactured from natural graphite using a modified
Hummer's process, according to the researchers. The following steps were followed: 5 g of
graphite was combined with 0.5 g of sodium hydroxide, then 20 ml of sulphuric acid was
added while the mixture was being stirred continuously. In order to avoid overheating, 8 g of
potassium permanganate was progressively added to the aforesaid solution over a period of 2
hours while maintaining the temperature below 50 °C to avoid overheating. At 50 °C, the
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mixture was vigorously swirled for 10 hours, and the resultant solution was diluted by adding
200 millilitres of water while vigorously swirling. Further treatment with a 20 percent
hydrogen peroxide solution was performed after the potassium permanganate reaction was
completed to guarantee that the reaction was completed. The GO nanosheets were produced
by rinsing the mixture in HCI and deionized water, followed by filtering and drying, and then
drying again. The following is a description of the hydrothermal technique used to create
rGO-Pd nanocomposites. First, the needed quantity of the produced graphene oxide was
sonicated and immersed into deionized water. Afterwards, 0.02 g of palladium chloride was
mixed in the resulting dispersion by continuous stirring for 30 minutes to yield 1 weight
percent, 2 weight percent, and 3 weight percent of rGO loaded Pd, 0.05 g of sodium
hydroxide was added to this solution while it was being stirred continuously. Afterward, the
mixed suspension has been sealed in a 200-mL Teflon container with an enclosure made of
steel and sent to the furnace for another 30-minutes period. The reaction was conducted at
200 °Cfor 2 hours. Once the precipitate had been allowed to reach normal temperature, it was
recovered using sonification and then washed multiple times with water and ethanol. The
solid products that were obtained were dried at 200 °Cin preparation for further examination.

Fabrication of sensor devices by the screen printing process: In a typical fabrication, the
pristine rGO and Pd/rGO sensitive layer was formed by diluting the synthesised
nanocomposite with 40 weight percent of copolymers that consisted of PMMA-PMBA as
binder and BCA as solvent for 3 hours, followed by drying the pristine rGO and Pd/rGO
sensitive layer. The following dimensions were used to create the screen for the interdigitated
electrode (IDE) and silver paste was screen-printed onto a prepared Si substrate and dried at
200 °C for 10 minutes after being applied to the substrate. The test gases used were ammonia
(5-120 ppm) and carbon monoxide (20-200 ppm).
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3. Results and Discussion

i. Material characterization results

Fig. 1 SEM images of : (a) Pristine reduced graphene oxide (rGO), (b) 1 wt% Pd
functionalized rGO, (c) 2 wt% Pd functionalized rGO, and (d) 3 wt% Pd functionalized rGO

Fig. 2EDS spectrum of : (a) 1 wt% Pd functionalized rGO, (b) 2 wt% Pd functionalized rGO,
and (c) 3 wt% Pd functionalized rGO; (d) AFM of 3 wt. % Pd functionalized rGO
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The FESEM picture of GO shows that the average thickness of the graphene sheets is 34 nm,
and the no Pd nanoparticles were visible in the image (Fig. 1 (a)). The FESEM images of
(Fig. 1 (b-d)) the material may be used to determine the influence of Pd nanoparticle dosage
on the development of Pd-rGO nanocomposites in the first step of the investigation. It is
possible to visualise the Pd-rGO nanocomposites with just little overlap of the rGO sheets
when using the 1 wt. percent rGO sample with only a few merging of the rGO sheets. The
average diameter of Pd nanoparticles were computed to be 65 nm. It was discovered that
when the dosage of Pd was raised to 2 wt. covered the whole surface of the rGO sheets and
average diameter of nanoparticles were in the order of 60-65 nm.

The EDS spectrum of as grown rGO and Pd functionalized rGO samples obtained is
illustrated in Fig. 2 (a-c). The spectrum reveals the presence of silicon, carbon, oxygen, and
palladium elements only. Thus, spectrum gives clear evidence for presence of Pd in the doped
samples. Fig. 2 (a) shows the EDS spectrum of 1 wt. % Pd doped rGO. The C/O ratio
obtained in Fig. 2 (a) was 55/45 with Pd dosage of 0.98 %. Fig.2 (b) shows the EDS spectrum
of 2 wt. % Pd doped rGO. The C/O ratio obtained in Fig. 2 (b) was 54/46 with Pd dosage of
1.98%. Fig. 2 (c) shows the EDS spectrum of 3 wt. % Pd doped rGO. The C/O ratio obtained
in Fig. 2 (c) was 50/50 with Pd dosage of 3 %. Fig. 2 (d) also shows AFM result of 3 wt. %
Pd functionalized rGO.Thus, above characterization results demonstrated a clear growth of
Pd nanoparticles over rGO sheets and these samples were used to study gas sensing of
ammonia and carbon monoxide in the next step.

ii. Determining optimal functioning temperature of GO sensors
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Fig. 3 Baseline resistance of four sensors (G0-G4) vs operating temperate plot in air ambient
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Fig. 4 Sensitivity of four sensors (G0-G4) vs operating temperate plot in 200 ppm ammonia

ambient

The baseline resistance of reduced GO (rGO) based sensor in air ambient was evaluated for a
span of operational temperature (50 °C - 200 °C) as illustrated in Fig. 3. It was established
out that the baseline resistance of reduced GO based sensor was decreased from 60 MQ to 46
MQ as functioning temperature has been stepped up from 50 °C to 200 °C. It is evident that
density of charge carriers increases as functioning temperature elevates in the reduced GO.
This results in the decrease in the baseline resistance of material as observed from the Fig. 3.
Following this, the sensitivity of rGO sensor was evaluated for a span of operational
temperature (50 °C - 200 °C) as illustrated in Fig. 4. The sensitivity was noted to be stepped
up from 12% to 36 % as functioning temperature was surged from 50 °C to 150 °C and then
hovered in between 32-35% when temp was set in between 150-200 °C. Thus, the ideal
functioning temperature for rGO sensor was computed to be 150 °C. The response and
recovery/retrieval time of reduced GO sensor towards 200 ppm dosage of ammonia gas over
a extent of functioning temperature of 50 °C to 200 °C was also investigated.Choosing the
prime operational temperature for gas sensors is a crucial step which determines the overall
sensing performance of the sensor. Taking into account the sensitivity, response span and
recovery span of sensor device at various operational temperatures, 150 °C was selected as
the prime operational temperature for the rGO sensor. At this functioning temperature, a

maximum sensitivity of 36% was evaluated with a 25 and 19 sec of response and recovery
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duration respectively. As a result, further investigations at this temperature of 150 °C were
conducted for measuring sensitivity, responseduration and recovery duration using various
doses of ammonia and carbon monoxide.

The baseline resistance of 1 wt. % Pd functionalized rGO sensor was evaluated for a
span of functioning temperature ( 50 °C- 200 °C) illustrated in Fig. 3. It was established out
that the baseline resistance of sensor device was decreased from 50 MQ to 35 MQ as
functioning temperature was stepped up from 50 °C to 200 °C. It is evident that number of
charge carriers increases as functioning temperature increases in semiconductor. However,
for 1 wt. % Pd functionalized rGO, the baseline resistance was found to be lower than that of
rGO because of doping. As Pd is metallic in nature with high electron dosage and by adding 1
wt. % of Pd into rGO, the overall electron dosage of material gets elevated. Therefore, the
baseline resistance of device after introduction of Pd nanoparticles when evaluated at 50 °C
gets reduced from 60 MQ to 50 MQ. Also, further increment in functioning temperature
reduces the baseline resistance of 1 wt. % Pd functionalized rGObut with smaller rate as
evident from the slope of baseline resistance vs functioning temperature graph. The slope of 1
wt. % Pd functionalized rGO has less steeper slope than that of pristine rGO suggesting less
dependence of Pd functionalized rGO’s baseline resistance towards functioning temperature.
The sensitivity of 1 wt. % Pd functionalizedrGO sensor was evaluated for a span of
functioning temperature from 50 °C to 200 °C as illustrated in Fig. 4. The sensitivity was
noted to be stepped up from 50 % to 65 % as functioning temperature was stepped up from
50 °C to 125 °C, gets saturated at 65 % from 125 °C to 150 °C, but gets decreased from 65 %
to 60 % when operated between 150 °C to 200 °C. Thus, prime functioning temperature for
rGO sensor was computed to be 125 °C.Taking into account the sensitivity, response
duration, and recovery duration at various functioning temperatures, 125 °C was selected as
the prime temperature for the 1 wt. % Pd functionalized rGOsensor. At this functioning
temperature, a maximum sensitivity of 65 % was obtained with a shorter response and
recovery duration (24 and 20 sec).

The baseline resistance of 2 wt. % Pd functionalized rGO sensor was evaluated for an
order of functioning temperature (50 °C to 200 °C) as illustrated in Fig. 3. It was established
out that baseline resistance of rGO sensor functionalized with 2 wt. % of Pd sensor was
reduced from 35 MQ to 20 MQ as functioning temperature was stepped up from 50 °C to 200
°C. The sensitivity of 2 wt. % Pd functionalizedrGO sensor was evaluated for a span of
functioning temperature from 50 °C to 200 °C illustrated in Fig. 4. The sensitivity was noted
to be stepped up from 61 % to 97 % as functioning temperature was stepped up from 50 °C to
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100 °C and gets reduced when operated in between 100 °C to 200 °C. Thus, the operational
temperature of sensor device was computed to be 100 °C.At this functioning temperature, a
maximum sensitivity of 97 % was obtained with a shorter response and recovery duration (12
and 30 sec).

The baseline resistance of 3 wt. % Pd functionalized rGO sensor was evaluated for a
span of functioning temperature from 50 °C to 200 °C as illustrated in Fig. 3. It was
established out that the baseline resistance of sensor device was decreased from 30 MQ to 10
MQ as functioning temperature was stepped up from 50 °C to 200 °C.The sensitivity of 3 wt.
% Pd functionalizedrGO sensor was evaluated for a span of functioning temperature from 50
°C to 200 °C as illustrated in Fig. 4. The sensitivity was noted to be stepped up from 80 % to
97 % as functioning temperature was stepped up from 50 °C to 100 °C and gets reduced from
97 % to 86 % when operated in between 100 °C to 200 °C. Thus, the optimum functioning
temperature for rGO sensor was computed to be 100 °C.At this functioning temperature, a
maximum sensitivity of 97 % was obtained with a shorter response and recovery duration (16
and 13 sec).

iii. Gas sensing results
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Fig. 5 Baseline resistance of four sensors (G0-G4) vs ammonia concentration (5-120 ppm)
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Fig. 6 Transient response of four sensors (G0-G4) upon exposure to 200 ppm of ammonia

Fig. 5 shows the change in the baseline resistance of all four sensors when operated at
different ammonia dosage ranging from 5-120 ppm. The transient response of rGO sensor
(G0O) towards 200 ppm dosage of ammonia was investigated at its prime operational
temperature (150 °C) as illustrated in Fig. 6. The baseline resistance of sensor device was
decreased from 48 MQ to 35 MQ. The response and recovery duration were computed to be
25 sec and 19 sec respectively.Fig. 6 illustrates the sensor's transient response in the vicinity
of 120 ppm of ammonia dosage when operated at its optimum functioning temperature of 125
°C. The baseline resistance of 1 wt. % Pd functionalized rGO (G1) sensor device was
decreased from 40 MQ to 14 MQ. Also, the response and recovery duration were computed
to be 24 sec and 20 sec respectively. The transient response of 2 wt. % Pd functionalized rGO
(G2) sensor towards 120 ppm dosage of ammonia was investigated at its prime operational
temperature (100 °C) as illustrated in Fig. 6. The baseline resistance of the sensor device was
decreased from 35 MQ to 0.9 MQ. The response and recovery duration were also computed
to be 12 sec and 22 sec respectively. The transient response of the 3 wt. % Pd functionalized
rGO (G3) sensor upon exposure to ammonia gas dosage of 120 ppm was evaluated as
illustrated in Fig. 6 The baseline resistance of the sensor was decreased from 30 MQ to 3 MQ
upon exposure to 120 ppm dosage of ammonia. The corresponding response and recovery

duration was evaluated as 16 sec and 13 sec respectively.
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Fig.7 Sensitivity of four sensors (G0-G4) vs ammonia concentration (5-120 ppm)

Fig. 7 illustrates the rGO (GO) sensor's response towards various dosages (25-200
ppm) of ammonia gas. The dosage dependent experiments revealed that the sensor had a
maximum sensitivity of 36 % towards 200 ppm dosage of ammonia. The lower detection
limit of the sensor is defined as the dosage level where sensitivity of the sensor becomes
more than 10 %. It was established out that rGOsensor was capable of detecting ammonia
concentrations of as low as 20 ppm.For 1 wt. % Pd functionalized rGO (G1) sensor, the
dosage-dependent experiments conducted at the prime functioning temperature of 125 °C as
illustrated in Fig. 7 revealed the lowest gas detection limit of 1 ppm with a sensitivity of 10
%. The sensor recorded the highest response at dosage of 120 ppm with a sensitivity of 65
%.For 1 wt. % Pd functionalized rGO (G2) sensor, the dosage dependent experiments
revealed that the sensor had a maximum sensitivity of 97 % towards 120 ppm dosage of
ammonia. It was established out that 2 wt. % Pd functionalized rGO sensor was capable of
detecting ammonia concentrations of as low as 500 ppb.Fig. 7 also illustrates the dosage
dependent investigations of 3 wt. % Pd functionalized rGO(G3) sensor at the prime
functioning temperature of 100 °C. The sensor was reported to have a lowest detectable
dosage of 400 ppb and a maximum detectable dosage of 120 ppm with a response of 97 %.
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Fig. 9 Transient response of four sensors (G0-G4) upon exposure to 200 ppm of carbon

monoxide

Fig. 8 shows the change in the baseline resistance of all four sensors when operated at

different carbon monoxide dosage ranging from 20-200 ppm. The transient response of rGO
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sensor towards 200 ppm dosage of carbon monoxide was investigated at its prime operational
temperature (150 °C) as illustrated in Fig. 9. The baseline resistance of device was decreased
from 50 MQ to 43.6 MQ. The response and recovery duration were computed to be 58 sec
and 48 sec respectively. Fig. 9 illustrates the sensor's transient response in the vicinity of 200
ppm dosage of carbon monoxide dosage when operated at its optimum functioning
temperature of 125 °C. The baseline resistance of sensor device was decreased from 50 MQ
to 36 MQ. Also, the reaction and restoration duration were computed to be 45 sec and 25 sec
respectively.The transient response of the 2 wt. % Pd functionalized rGO sensor upon
exposure to carbon monoxide gas dosage of 200 ppm was evaluated as illustrated in Fig. 9.
The baseline resistance of the device was decreased from 30 MQ to 25 MQ upon exposure to
200 ppm dosage of carbon monoxide. The corresponding response and recovery duration was
evaluated as 52 sec and 25 sec respectively.The transient response of the 3 wt. % Pd
functionalized rGO sensor upon exposure to carbon monoxide gas dosage of 200 ppm was
evaluated as illustrated in Fig. 9. The baseline resistance of the sensor device was decreased
from 30 MQ to 19 MQ upon exposure to 200 ppm dosage of carbon monoxide. The
corresponding response and recovery duration was evaluated as 55 sec and 22 sec

respectively.
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Fig. 10 Sensitivity of four sensors (G0-G4) vs carbon monoxide concentration (20-200 ppm)

Fig. 10 illustrates the rGO (GO0) sensor's response towards various concentrations (25-

200 ppm) of carbon monoxide. The dosage dependent experiments revealed that the sensor
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device had a maximum sensitivity of 9 % towards 200 ppm dosage of carbon monoxide. It
was established out that rGO (GO0) sensor device was not capable of efficiently detecting
carbon monoxide dosages below 220 ppm.Fig. 10 illustrates the 1 wt. % Pd functionalized
rGO(G1) sensor's response towards various concentrations (25-200 ppm) of carbon
monoxide. The dosage-dependent experiments conducted at the prime functioning
temperature of 125 °Crevealed the lowest gas detection concentration limit of 170 ppm at a
sensitivity of 10 %. The sensor recorded the highest sensitivity at 200 ppm with a sensitivity
of 11 %.Fig. 10 illustrates the dosage dependent investigations of 2 wt. % Pd functionalized
rGO(G2) sensor device at the prime functioning temperature of 100 °C. The sensor was
reported to have a lowest detectable dosage of 140 ppm. The sensitivity of the sensor
increased from 6 % to 15 % upon exposure to 25-200 ppm dosage of carbon monoxide.Fig.
10 illustrates the dosage dependent investigations of 3 wt. % Pd functionalized rGO(G3)
sensor device at the prime functioning temperature of 100 °C. The sensor was reported to
have a lowest detectable dosage of 150 ppm. The sensitivity of the sensor increased from 6 %

to 13 % upon exposure to 20-200 ppm dosage of carbon monoxide.

iv. Sensing mechanism

The sensing method uses surface conduction that is changed by molecules that have been
adsorbed on rGO [53]. This changes the space-charge layer as well as the surface states
induced by molecules. One way that a gas species can get on top of a sensor material is by
adhering to it. Another way is by exchanging electrons: chemisorption. This is the transfer of
electrons that happens when the gas species is attached to a surface. The primary distinction
processes is that physical adsorption process is a process that releases heat, while chemical
adsorption is a process that releases heat. The chemisorbed oxygen, water, and/or the
hydroxyl ions that are found on surfaces can help with the charge transfer between gas
species, but this isn't always the case. Because of its higher ionization energy and low
density, oxygen is the least energetic of the three that we looked at in this study.

When a reducing agent, is added, the O, evaporates faster than the O°, which means
that O" has more power in the reaction than the O,. A reducing agent may respond with the
lattice air, Oy, when it comes into the room. Adsorbed oxygen is thought to transport an
electron from rGO to chemisorbed oxygen. Since rGO has more hydroxyl groups, the number
of electrons in the conductance band has risen. This has led to the depletion layer growing in
this study. Oxygen is attached to OH", which induces an oxygen ion to be established on the
material surface. This oxygen ion stays on the material surface and changes into other aspects
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of anionic oxygen by taking charged particles from the conduction band. Nature's non-
reversible processes, like the producing of atomic/ionic oxygen in situ, are inferred by the
methodologies that are shown in this text. charged oxidants that have bonded to grain
boundaries are to blame for some of the things that happen when there is space charge and
band modulation. It is thought that changes in the chemisorbed molecule dosage are the main
source of the electrical reaction, while the rGO phase stays highly stable as a result. Theory
shows that gas molecules don't stick very well to perfect graphene surfaces, but they stick
better to imperfect graphene surfaces [55-58]. The conductivity of graphene-based
equipment, such as gas sensors, can be affected by flaws and other types of groups. If the
HOMO and LUMO positions of the adsorptive ammonia molecules are close to each other,
the orientation of charge transfer can be changed in graphene. In other words, the charge-
transfer sites are not determined by the charge-transfer sites taken by individual, but by how
the particles are oriented with regard to the surface of the cell. There are differences in the
orbital overlap between both the HOMO of the ammonia particle and the HOMO of
graphene. It doesn't seem like the LUMO, which is nearer to the Dirac point than the HOMO,
has any effect on the electron doping process, even though it is closer to the point.

The process of breaking down analytes into CO, and water in the presence of various
adsorbates has many steps [54-58]. Adjustments in charge distribution or motion, or both,
needs to be the source of the transformation in conductance because conductance is
connected to the combination of charge density and mobility. The adsorption of gas is caused
by the graphene's linear band structure at the Dirac points. This could lead to more electrons
because the gas is a source of electrons. Ammonia and other closed-shell adsorbates don't
change the band structure of graphene like other closed-shell adsorbates do. Instead, they
affect the distribution of charges within graphene. There are many "surface impurities,” but

when they were between graphene and the surface, they can cause indirect graphene doping.

4. Conclusion
The Pd/rGO nanocomposites were synthesized utilising a straightforward hydrothermal
technique that did not need the use of surfactants. The morphological and structural studies
conducted on the rGO sheets demonstrate that the technique utilized to fabricate the sheets is
effective in producing crystalline Pd nanoparticles that are suitable for usage in the
graphene sheets. When the nanocomposites were operated at 100 °C, the 2 wt. % Pd
functionalized rGO sensor exhibited a sensor response from 34% to 97% . upon exposure to

5-120 ppm of ammonia. However, for carbon monoxide sensing, the same sensor exhibited a
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sensor response of 15 % for 200 ppm of carbon monoxide. Thus, Ti functionalized rGO
sensor demonstrated ammonia gas selective nature. The response and recovery
characteristics, in addition, demonstrated a significant variation from the prior findings.
Pd/rGO is a nanocomposite sensor that can detect ammonia in 12 seconds and recover to 120
ppm in 22 seconds at 100 °C. As a result, utilising well-designed Pd/rGO nanocomposite
sensors for practical ammonia sensors is a viable approach that has the potential to provide

positive results.
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