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Improving the ammonia sensing of
reduced graphene oxide film by using
metal nano-materials
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ABSTRACT

Gas sensing is one of the most
promising applications for reduced graphene
oxide (rGO). High surface-to-volume ratio in
conjunction with remaining reactive oxygen
functional groups translates into sensitivity to
molecular on the rGO surface. The response
of the rGO based devices can be further
improved by functionalizing its surface with
metal nano-materials. In this paper, we
report the ammonia (NHz) sensing behavior
of rGO based sensors functionalized with
nano-structured metal: silver (Ag) or
platinum (Pt) or gold (Au) in air at room

temperature and atmospheric pressure. The
gas response is detected by the monitoring

changes in electrical resistance of the
rGO/metal hybrids due to NH; gas
adsorption. Compared to bare rGO,
significantly improved NHs; sensitivity is

observed with the addition of nano-
structured metals. These materials are
applied to play the small bridges role
connecting many graphene islands together
to improve electrical conduction of hybrids
while maintaining the inherent advantage of
rGO for NH; gas sensitivity.
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INTRODUCTION

Recent studies revealed that the reduced
graphene oxide or chemically modified graphene
(rGO) can be served as high performance
molecular sensors because rGO contains a range
of reactive oxygen functional groups. Many
groups extensively studied molecular adsorption
on rGO and proposed that the active defective

sites provided by the residual oxygen or hydroxyl
functional groups during the reduction of GO
may improve the interaction of adsorbate and
GO, thereby enhancing the sensor response [1-3].
However, most of the rGO sensors were
recovered very slowly after sensing NH; at room
temperature. This shortcoming must be overcome
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to apply rGO to NH; detection at RT. One of
methods to improve the recovery of these rGO
based sensors was the decoration of nano-
materials on the surface of rGO [4, 5].

For the synthesis of metal nanostructures,
various methods have been successfully
developed. Up to now, the polyol method has
become widely used by many research groups
because of its advantages such as cost, yield, and
simplicity [6-9].

In this study, we report on the synthesis of
rGO/metal hybrid nano-structures by using
chemical method for making rGO thin films and
polyol process for synthesis metal nano-materials
(Ag, Au and Pt) and then these hybrids are
applied in the NH; gas sensors.

METHODS

Synthesis of reduced graphene oxide (rGO)
and metal nano-materials

Synthesis of rGO. Graphite was oxidated to
graphene oxide (GO) by using the mixture of
KMnO4#/NaNO3/H,S0, (modified Hummers
method). This GO solution was spin-coated
directly onto quartz substrate. The GO thin films
were subsequently reduced to rGO using
chemical agent (hydrazine) and heating (250 °C).
More details about the synthesis of rGO was
presented in our previous papers [10, 11].

Synthesis of metal nano-materials. The Ag,
Au and Pt nano-materials were synthesized
through polyol method. This polyol process is
based on the reduction of an inorganic salt by a
polyol at an elevated temperature and a surfactant

is used to prevent the agglomeration of the
colloidal particles. In our experiment, AgNOs;,
HAUCI, and H,PtClg were used as Ag*, Au** and
Pt* source, respectively. Ethylene glycol (EG)
was used as both solvent and reducing agent for
reduction of Ag*/Pt*" ions to Ag’/Pt® atoms and
polyvinyl pyrrolidone (PVP) and NaCl were used
as stabilizing agents. Small gold nanoparticles
were prepared by the reduction of Au** ions with
sodium borohydride/ascorbic acid in the presence
of a stabilizing agent (trisodium citrate or CTAB)
[7-9].

Preparation of gas sensing devices and
measurement system

After the rGO thin films were formed, two
silver planar electrode arrays were deposited on
the rGO films using thermal evaporation method
with 6 mm distance between them. Finally, we
used spray-coating method to disperse metal
nano-materials on rGO surface area between two
electrodes to complete our gas-sensing devices
which is ready for NH; sensing signal
measurement. More details about the preparation
of gas sensing devices were presented in our
previous paper [12].

Five chemiresistor devices with different
sensing layers including rGO, rGO/AgNPs (NPs -
nanoparticles), rGO/AuNPs, rGO/PtNPs and
rGO/AgNWSs (NWs - nanowires) were fabricated
under identical conditions in order to compare
their sensitivities toward NH; gas at room
temperature.
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RESULTS AND DISCUSSION

Fig.1 shows the Energy-dispersive X-ray
Spectroscopy (EDS) spectra of the Ag, Au and Pt
thin films, spraying of their solutions onto quartz
substrates, which contain strong peaks for
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elemental Ag, Au and Pt suggesting the
formation of Ag, Au and Pt nano-materials in
synthesis processes.
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Fig. 1. Energy-dispersive X-ray Spectroscopy — EDS of the Ag, Au and Pt nanomaterials

Fig. 2. SEM images of metal nanomaterials: AgNPs — Silver nanoparticles; AGNWs — Silver nanowires; AuNPs —
Gold nanoparticles; and PtNPs — Platinum nanoparticles

Then, in order to obtain the general view and
the detailed structural information of the metal
nano-materials, the SEM observation of the
materials, synthesized by using of polyol method,
are shown. According to Fig. 2, the observation
indicates that the synthesized product from
AgNO; precursor includes AgNPs — Silver
nanoparticles (diameter ~ 400 nm) and AgNWs —

Silver nanowires (length > 5 pm). While the
synthesized product with HAuCl, and H,PtClg
precursors is only AuNPs — Gold nanoparticles
(diameter ~ 100 nm) and PtNPs — Platinum
nanoparticles (diameter ~ 200 nm), respectively.
In this work, the conditions for formation of gold
nanowires and platinum nanowires are not
determined.
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Fig. 3. UV-vis spectra of metal nanomaterials: A) AgNPs and AgNWs; B) AuNPs and C) PtNPs

Continuously, Fig. 3 shows the UV-visible
absorption spectra of Ag, Au and Pt colloid
solution products. These spectra fortify the
formation of metal nano-materials in our
experiment with the appearance of their typical
peaks. The large peak around 445 nm suggests
that the final product is AgNPs with a large range
of different diameters while a peak at ~380 nm
and the shoulder around ~350 nm indicate that
the main product is AGNWSs in solution (Fig 3 A)
[13-15]. Besides, the peaks at ~520 nm and ~250
nm show the presence of AuNPs and PtNPs in
final products, respectively [9, 16]. The nano-
materials solutions are ready for combine with
rGO and complete the gas sensors.
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Fig. 4. Response to NH3 gas of five sensing devices are
made from the different materials: bare rGO and rGO-
AgNPs, rGO-AgNWSs, rGO-AuNPs, rGO-PtNPs hybrids

Finally, we investigate the sensitivity ability
NH; of bare rGO material and its hybrids with
these metal nano-materials. The experimental
processes are performed in the same condition
(room temperature and atmospheric pressure).
The data in Fig. 4 show that the sensitivity ability

of original rGO material is improved
significantly by nanomaterials. In comparison
with the sensitivity of bare rGO material (10 %),
the sensitivity of the rGO-AgNPs, rGO-AuNPs
and rGO-PtNPs hybrids increases 15 %, 25 %
and 12 %, respectively, although the recovery of
these sensors remain uncompleted. Particularly,
the combination of rGO and AgNWs with the
length more than 5um affords not only to
improve NH; gas sensitivity (40 %) but also
nearly complete recovery (Fig. 4).

CONCLUSION

In this study, we have investigated the effect
of nanostructure materials (Ag, Au and Pt) with
different sharp and size to NH; adsorption of
hybrids between rGO (reduced graphene oxide)
and these metals. The metal nanostructure
materials play the role of bridges connecting
together many rGO islands so that their contact
resistance is reduced, resulting in strainght
forward absorption and desorption signals. With
addition of one-dimensional nanostructure
(AgNWs), the enhancement of NH; gas
sensitivity of rGO-AgNWSs hybrid is the highest
and in particular its recovery ability is the most
efficient in comparison with rGO-NPs, rGO-
AuUNPs and PtNPs hybrids. We suggest that the
work reported here is a significant step toward
the practical application of rGO-based chemical
Sensors.
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TOM TAT

Cam bién khi la mot trong nhitng (ng
dung hitra hen nhét cua vét liéu graphene
oxide da duoc khir (rGO). Ty Ié dién tich bé
maét/thé tich cao két hop véi cac nhém chirc
chira oxi hoat ddng manh con lai trén bé mat
mang rGO da tao nén kha ndng nhay khi tét
vGi cac phén tir cia bé mat vat liéu rGO. Sy
héi dap cta cac cdm bién ché tao tir rGO co
thé dwoc céi thién hon nira bdi sw chirc
néng hoa bé mdt cia chung voi cac vét liéu
nano kim loai. Trong bai b4do nay, chung toi
béo cao hoat dong nhay khi amoniac (NH3)
ctia cadm bién dwa trén rGO da duoc chirc
hoéa voi ba kim loai: bac (Ag), bach kim (Pt)
va vang (Au) trong méi trirong khéng khi &

nhiét d6 phong va ap suét khi quyén. Céc
méu khi dwoc phét hién khi bdng quan sét
nhiing thay déi cua dién tr& cla cac té6 hop
lai rGO/kim loai khi twong tac véi cac phan
ttr khi. So véi véat liéu rGO thudn, dé nhay
khi NH3 cda céc té hop da duoc tdng cuong
dang ké khi bé sung thém céc kim loai c6
kich thwédec nanomet. Cac kim loai nanomet
dwoc cung cadp dong vai tro la céc cau nbi
nhd nhdm mong mudbn két nbi céc méng
graphene véi nhau dé céi thién céc tinh chat
dién cla t6 hop, trong khi dé van gii duoc
céc wu diém vén coé cda rGO khi xét vé kha
nang nhay khi NH;.

Key word: Graphene oxide duwgc khir, sgi nano Ag, phuwong phap polyol, nhay khi NHs.
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