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In the paper the results of investigations are presented concerning the in�uence of humidity of air on the
resistance of a gas sensor structure with a graphene layer. The a�ects of nitrogen dioxide and humidity action on
graphene were studied. We indicated that humidity might play an important role in determining the gas sensing
properties of the graphene layer. In the paper it has been shown that in the case of a nitrogen oxide sensor, the
reaction of NO2 with water vapour can generate permanent defects in graphene.

PACS: 07.07.Df, 42.81.Pa, 82.47.Rs

1. Introduction

In recent years many works have been published con-
cerning the applicability of graphene in gas sensors [1�8].
Most developments were focused on the sensitivity, se-
lectivity, and stability of graphene sensors applied in ar-
ti�cial conditions. New technologies of graphene consid-
erably enhanced the sensitivity and stability of gas sen-
sors, but contributed relatively little towards a solution
of the cross sensitivity. Any sensor can experience cross
sensitivity. This can be used to advantage wishing to de-
tect groups of compounds or using cross sensitivity for
calibration. It is important to know the proper way of
application so that a correct solution can be adopted.
Fluctuations of the content of steam in atmospheric air
and the unknown ability to adsorb it by a sensor layer
are the most interfering factor in the actual operation of
devices for detecting gases in the atmosphere.
Spin-polarized density functional theory (DFT) anal-

yses have shown that water molecules adsorbed on
graphene cause defects in it which facilitate to electrons
tunneling of the bandgap and cause widening a graphene
bandgap to ≈ 2 eV [1]. In Ref. [2] the authors exposed
the graphene �lm to humidity and created successfully a
bandgap in graphene. The bandgap increases with the
increase of humidity and saturates at ≈ 0.206 eV at the
humidity level of ca. 0.312 kg kg−1, consistent with the
theoretical result [1]. Therefore, the graphene swells and
shrinks in relation to the relative humidity level. It is
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believed that this swelling and shrinking is the cause of
resistance changes observed at various humidity levels
[3, 4]. As a result, the changes in resistances are directly
enhanced by the amount of water vapour absorbed by
the graphene [5, 6].
This paper presents preliminary results of investiga-

tions of the sensitivity of the resistance structures with
a graphene layer on nitrogen dioxide NO2 action in syn-
thetic air with the presence of water vapour.

2. Technology applied for the production

of graphene

The graphene deposited on resistance interdigital elec-
trode structures was obtained at ITME in Warsaw. The
graphene was arranged on the surface of a copper foil,
23 µm thick, in the course of chemical sedimentation
from the gaseous phase (CVD method). This process
was carried out in two stages [9, 10]. First, in order to
improve the quality of the substrate and to augment the
size of the copper grains, the substrate was soaked in
an Ar atmosphere at a temperature of about 1000 ◦C.
Then the substrate was heated up for several minutes
at 1020 ◦C with a simultaneous �ow of H2 and C3H3

as the source of carbon. Finally the copper foil, cov-
ered with graphene, was kept in the switched-o� fur-
nace for several hours to cool down to room tempera-
ture. In order to separate the graphene from the cop-
per foil and to transfer it onto the interdigital electrode
structure, on the surface of the copper sample (covered
with graphene), by means of the spin-coating method a
thin layer of poly(methyl methacrylate) (PMMA) was
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deposited. PMMA prevents graphene from cracking and
damages which might arise in the course of etching the
copper foil [9]. For the purpose of etching the copper
structure PMMA/graphene/Cu was immersed in a so-
lution of ammonia persulphate. After the copper foil
had been thoroughly etched, the polymer with graphene
was additionally cleaned in order to remove the remain-
ing metal and insoluble organic impurities [10]. Next
the graphene layer was transferred from PMMA to the
interdigital resistance transducers. In order to ensure
a thorough contact of graphene with the substrate, the
structure was heated for several minutes at a tempera-
ture of 100 ◦C in air and then kept for several hours in
vacuum. Finally the PMMA layer was carefully removed
by solving it in acetone. The parameters of the process
of transferring graphene were chosen in such a way that
a formation of gaps and cracks between the graphene
layer and the surface of the interdigital electrode struc-
ture would be prevented.

3. Resistance structure with graphene

Graphene (obtained in the process described above)
was deposited on a resistance interdigital transducer.
Figure 1 presents the resistance transducer with graphene
but modi�ed by means of a 3 nm layer of palladium.

Fig. 1. Interdigital resistance transducer with a layer
of graphene modi�ed by 3 nm palladium layer.

For measurements of the resistance of a structure with
a graphene layer a high-quality measurement system of
the type AGILENT 34970 was applied. The total re-
sistance of the sensor structure with a graphene layer
amounted at ambient temperature (about 20 ◦C) to about
10 Ω. The measurements were carried out with an ac-
curacy of ±0.5 × 10−3 Ω. It is to be stressed that the
values of electrical resistance obtained in all these mea-
surements concern the total resistance of the structure
(the resistance of the grahene layer and of the interdigi-
tal transducer).

4. Investigations of the sensitivity of graphene

exposed to water vapour

Graphene is a hydrophilic material. Water adsorbed on
its surface causes in result that such a structure behaves

as a semiconductor in which the width of the bandgap can
depend on the amount of adsorbed water. Data quoted
in literature [1] show that such a semiconductor struc-
ture formation occurs immediately upon its contact with
moisture. Figure 2 presents the sensitivity of a structure
with graphene a�ected by NO2. The �rst reaction of the
sensor structure with graphene on the action of moist air
is presented in Fig. 2. (It is an initial part of the charac-
teristics in Fig. 2, between 1000�1500 s, before the �rst
contact of this structure with NO2.)

Fig. 2. Sensitivity of the sensor structure with
graphene to the presence of NO2 in the atmosphere of
synthetic air (temperature of the structure 50 ◦C, hu-
midity RH about 5%).

The resistance is maintained constant when only air
�ows through the channel and decreases when NO2

�ows through it. When the molecules of NO2 gases
are absorbed onto graphene, as bringing electrons from
graphene, holes are created in graphene. It leads to a
decrease of the resistance [3].
It ought to be additionally stressed that the e�ect of

increased conductivity is constant and that it does not
fade entirely after the exchange of gas. This phenomenon
may be accounted for by the fact that the adsorption of
NO2 into the graphene structure is constant or, which
seems to be even more probable, that some part of NO2

reacts with the adsorbed water forming nitric acid. Ni-
tric acid oxidizes graphene and generates stable defects in
the graphene structure. Consequently after every subse-
quent experimental exchange of gases we obtained similar
values of electrical conductivity of the sensor structure.
Figure 3 illustrates the sensitivity of the sensor struc-

ture modi�ed by means of a 3 nm thickness layer of pal-
ladium to the presence of NO2 in the atmosphere of syn-
thetic air. The character of the behaviour of the resis-
tance structure with graphene (Fig. 2) and the structure
with a deposited 3 nm layer of palladium is more or less
the same. The graphene structure modi�ed with palla-
dium seems to react to NO2 faster than the not modi�ed
graphene structure.

5. Sensitivity of graphene to water vapour

in the atmosphere of synthetic air

The resistance of the structures decreased at switching
from humid air to dry air. However the response of the
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Fig. 3. Sensitivity of the sensor structure with
graphene modi�ed by 3 nm PD layer to the presence
of NO2 in the atmosphere of synthetic air (temperature
of the structure 50 ◦C, humidity RH about 5%).

sensing structure was faster and higher in the case of the
graphene/Pd variant. The results of investigations are
presented in Figs. 4, 5 and 6.

Fig. 4. Sensitivity of the sensor structure with
graphene to the presence of steam in the atmosphere
of synthetic air (temperature of the structure 120 ◦C,
humidity RH about 6�70%).

Fig. 5. Sensitivity of the sensor structure with
graphene modi�ed by a 3 nm Pd layer to the presence of
steam in the atmosphere of synthetic air (temperature
of the structure 50 ◦C, humidity RH about 6�70%).

Investigations have proved explicitly that the presence
of steam in the atmosphere of synthetic air obviously in-
�uences the resistance of the structure with a sensor layer
of graphene. Measurements indicated that in comparison
with the e�ect of nitrogen dioxide the in�uence of steam

Fig. 6. Sensitivity of the sensor structure with
graphene modi�ed by a 3 nm Pd layer to the presence of
steam in the atmosphere of synthetic air (temperature
of the structure 120 ◦C, humidity RH about 6�70%).

is also of essential importance. The problem of the af-
fect of steam on the non-spectral gas sensors has been
already dealt with by other researchers [11�18]. The per-
formed investigations indicate distinctly that the problem
of eliminating steam from the tested gaseous medium is
also very important in the application of graphene (or
modi�ed graphene) in resistance gas sensors.

6. Conclusions

We presented a novel nanocomposite chemosensitive
material consisting of chemically derived graphene and
graphene modi�ed by thin (with 3 nm thickness) pal-
ladium nanoparticles. In the presence of moisture,
graphene behaves as a semiconductor and as such a semi-
conductor structure ought to be considered the presented
sensor in the moist air (i.e. in future conditions of its
work). Nitrogen dioxide reacting with water adsorbed
on graphene forms nitric acid capable to undergo reac-
tion of oxidation of graphene generating permanent de-
fects in graphene layer of sensing structures. The prob-
lem of reducing uncontrolled presence of humidity in in-
vestigated gaseous atmosphere in resistance gas sensors
based on graphene (and its derivatives) must be neces-
sarily resolved.
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