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The interaction between hydrogen sulfite (H2S) and graphene was investigated by density functional the-
ory calculations and nonequilibrium Green’s function formalism. The structural and electronic properties
of H2S–graphene systems were studied by tuning the geometries of H2S molecule toward 2D nanosheets
of pristine, defective and doped graphene. It was found that Ca, Co and Fe doped and defective graphene
nanosheets show much higher affinities to H2S molecule in comparison to pristine graphene. The strong
interactions between H2S and graphene nanosheets modified with transition metals can lead to dramatic
changes to the electronic and magnetic properties of graphene. The electronic transport behaviors of Fe-
doped graphene nanosheets indicate that the chemical sensors constructed with the materials could
exhibit much higher sensitivity for detecting H2S gas, in comparison with that of devices made with pris-
tine graphene. It is possible to design H2S chemical sensors with highly improved performances, using
graphene nanosheets as sensing materials with appropriate metal dopants or defects. In addition, the
graphene doped with Si absorbs H2S molecule through forming Si–S bond, compared to the weak phys-
isorption of H2S molecule onto pristine and the B, N doped graphene.

� 2012 Elsevier B.V. All rights reserved.
1. Introduction

The successful syntheses of novel two-dimensional (2D) graph-
ene and the experimental observation of Dirac fermions in graph-
ene-based devices have attracted extensive attention of scientists
in diverse disciplines of science and technology due to its unique
structural, mechanical, and electronic properties [1]. It is a promis-
ing candidate for applications such as spintronic devices, gas sen-
sors, light emitting diodes and photovoltaics [2–5]. Because the
performances of graphene-based devices are generally determined
by the electronic properties of graphene, experimental and theo-
retical studies have thus been conducted to understand the inter-
actions of the materials with different chemical species for
improving its chemical and physical properties [6,7]. The previous
researches in this area have focused on the interactions of small
gas molecules, such as CO, NO2 and NH3 with the pristine graphene
in theory [8] and CO2 sensing using graphene sheet in experiment
[9]. After introducing dopants into 2D nanosheets of graphene, the
interactions between small molecules and graphene can be highly
enhanced [7,10]. Recently, the functionalized graphene (nanorib-
bon) have also been investigated extensively [11,12]. DNA-deco-
rated graphene [6], show improved performances when working
as chemical sensors. Multi-layer graphene nanoribbon networks
[13] modified with Pd can be used as functional materials to sense
or storage hydrogen [14,15]. It has been found that organic elec-
tron acceptors [16], donors [17] or even DNA fragments [18], for in-
stance, can induce significant changes in the electronic structure of
graphene. Metal dopant [19] and defect [20] can be used to tune
graphene’s magnetic property. These theoretical studies could give
us clear insight into understanding the bio/chemical sensing
behaviors of graphene and thus direct us in designing novel mic-
rodevices with optimized performances.

H2S is a malodorous gas that can lead to death when at a con-
centration higher than 250 ppm [21], and several groups have
worked on fabricating microdevices for detecting the toxic mole-
cule. Recently, L. Mai et al. reported electrical transport and H2S
sensing properties of b-AgVO3 nanowires [22]. Vertically aligned
CuO nanowire array and self-assembled In2O3 nanoparticles were
also used as building blocks to construct H2S sensors [23]. Our re-
search in this area has concentrated on the design and fabrication
of functional materials with controlled structures and their chem-
ical sensors [24,25]. It was found that the surface modification of
ZnO nanowires with Pd nanoparticles can highly enhance the
performances of H2S sensors [26]. While the chemical sensors
based on carbon nanotubes [27] and graphene [28,29] were also
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investigated extensively, to the best of our knowledge, there is no
report in literature concerned with the H2S sensing performances
of materials based on graphene so far.

Herein we report a systematic theoretical study of H2S sensing
ability of graphene doped with elements including B, N, Si, Ca, Co,
and Fe, or defected with vacancy by removing one C atom from the
2D nanosheet. The interactions between H2S molecule and graph-
ene have been investigated carefully for understanding the effects
of dopants and defects on the electronic properties of graphene.
The transport properties of the modified graphene have been fur-
ther analyzed semi-quantitatively based on the calculations of cur-
rent versus voltage (I–V) curves. It was found that the transport
properties of graphene can be tailored effectively by introducing
dopants and defects into the 2D sheets. Novel H2S sensors with
highly enhanced sensitivity could be designed using modified
graphene as sensing materials. The magnetic property of H2S/Fe–
graphene system will also be discussed.
2. Calculation method and model

The density functional theory (DFT) calculations were per-
formed with CASTEP [30] using ultrasoft pseudopotential, plane-
wave basis and periodic boundary conditions. The local density
approximation (LDA) with CA-PZ functionality and cut-off energy
of 240 eV for the plane-wave basis set were used in all relaxation
process. The system investigated was composed of a graphene
super cell (12.30 � 12.30 � 10.00 Å, 50 atoms) with a single mole-
cule adsorbed at its central region (Fig. 1). The distance between
the adjacent graphene layers was kept as 10 Å. The k-point was
set to 3 � 3 � 1 for the Brillouin zone integration. The structural
configurations of the isolated graphene were optimized through
fully relaxing the atomic structures. With the same super cell
and k-point samplings, the configurations of the graphene/mole-
cule systems were optimized through fully relaxing the atomic
structures until the remaining forces were smaller than 0.01 eV/
Å. The adsorption energy of H2S on graphene was calculated as:

Ead ¼ EðH2S=graphene=Þ � EðgrapheneÞ � EðH2SÞ ð1Þ

For the H2S/doped-graphene system, the adsorption energy was
calculated as:

Ead ¼ EðH2S=doped-grapheneÞ � Eðdoped-grapheneÞ � EðH2SÞ ð2Þ

In the above equations, the EðH2S=grapheneÞ, E(graphene), EðH2S=doped-grapheneÞ,
Eðdoped-grapheneÞ and EðH2SÞ are the total energies of the relaxed
Fig. 1. Top view of the relaxed structures of different adsorption configurations for H2S
graphene (d). C, H, S, Si, and metal atoms are shown in gray, white, yellow, blue, and purpl
reader is referred to the web version of this article.)
H2S/graphene adduct, graphene, H2S/doped-graphene, doped-
graphene and the H2S molecule, respectively.

Our simulation gave a binding energy of �0.11 eV, which is con-
sistent with the previous reports. Furthermore, Test calculations
using a larger supercell (14.76 � 14.76 � 12.00 Å, 72 C atoms), a
high k-point (35 � 35 � 1) for the Brillouin zone integration, a
higher cutoff energy (400 eV) or a larger vacuum gap (12 Å) be-
tween the graphene sheets were performed for geometry optimi-
zations and electron transport simulations, respectively, which
showed less than 4% improvement to the simulation accuracy.
Therefore, our calculation method is believed to be accurate. In lit-
erature, GGA and LDA are two common methods used in the inves-
tigation on nanomaterials. As indicated by the previous theoretical
calculations [31,32], GGA methods tend to underestimate the
adsorption energies. For example, GGA suggested that almost no
interaction between two graphene layers. In contrast, LDA appears
to be more appropriate for studying weak interaction systems such
as p-stacking among the graphene layers in 3D graphite, and gives
binding energies very close to the experimental results [33].

The electron transport calculations were performed using the
ATK package [34], which implements DFT-based real-space, non-
equilibrium Green’s function (NEGF) formalism [35,36]. The mesh
cutoff was chosen as 200 Ry to achieve a reasonable balance be-
tween the calculation efficiency and accuracy. The current was cal-
culated by the Landauer–Büttiker formula:

I ¼ 2e
h

Z lR

lL

dEðfLðE;VÞ � fRðE;VÞÞ � TðE;VbÞ ð3Þ

where T(E, Vb) represents the electronic transport probability, lR

and lL are the chemical potentials of the right and left electrodes,
and Vb is the applied bias voltage across the electrodes.

3. Results and discussion

To understand the most favorable binding configuration of H2S
molecule on the pristine graphene, two major possible sites among
seven initial adsorption configurations were studied carefully
(Fig. 1). One involves the interaction of the H2S through its sulfur
atom, while the other through its two hydrogen atoms. The sulfur
end of H2S could be positioned above a graphene carbon atom, be-
tween two bonded graphene carbon atoms, or above the center of a
six-membered carbon ring (6MR). The H2S molecule can also be
initially placed with its two hydrogen atoms pointing towards
the graphene nanosheet, including above the center of 6MR, cyclo-
addition configuration with C–C bond of the graphene. Several
/graphene (a1–a7), H2S/defect–graphene (b), H2S/Si–graphene (c), and H2S/metal–
e, respectively. (For interpretation of the references to color in this figure legend, the



Table 1
Adsorption energy (Ead), equilibrium graphene–molecule distance (d) (defined as the
shortest atom-to-atom distance), and Mulliken charge (Q) of small molecule adsorbed
on outer surface of graphene.

System Ead (eV) d (Å) Q (e)a

a1 �0.13 3.47 0
a2 �0.12 3.38 0
a3 �0.11 3.28 0
a4 �0.11 3.30 0
a5 �0.16 2.64 0.01
a6 �0.15 2.51 0
a7 �0.17 2.58 0
b-defect �0.91 1.77 0.74
c1-B �0.11 3.26 0.01
c1-N �0.14 3.22 0.01
c1-Si �0.94 2.53 0.26
d1-Ca �0.66 4.81 0.04
d1-Co �1.80 3.77 1.16
d1-Fe �1.92 3.70 1.23

a Q is defined as the total Mulliken charge on the molecule, and negative number
means charge transfer from graphene to molecule.

224 Y.-H. Zhang et al. / Computational Materials Science 69 (2013) 222–228
other configurations with the H2S molecule placed parallel to the
hexagonal plane were also tested. Each structure was fully relaxed,
and the calculated adsorption energy, charge transfer, and distance
between the adsorbed molecule and the graphene nanosheets are
summarized in Table 1. After full relaxation, the configuration with
the two hydrogen atoms of adsorbed H2S pointing to the 2D nano-
sheets and paralleling to the graphene plane along the axis through
the midpoint of two opposite C–C bonds in the 6MR was found to
be the most stable one for the pristine graphene (Fig. 1, a7). The
adsorption energy (Ead) of this system is �0.17 eV, and the mole-
cule-sheet distance (d) is 2.58 Å. The relatively small Ead and large
d values indicate that H2S molecules undergo weak physisorption
on the pristine graphene. The calculated charges of H2S adsorbed
on graphene from Mulliken population analysis are also provided
in Table 1. For the most stable configuration (Fig. 1, a7), there is
no charge transfer between graphene and H2S, which also verifies
their weak interaction. The results reveal that the pristine graph-
ene is insensitive to H2S molecule.

For the graphene with defects, the configuration with the plane
of H2S molecule tilting to the graphene nanosheet and the sulfur
atom pointing towards the vacancy is found to be the most favor-
able one (Fig. 1b). The calculation results indicate that the carbon
atoms close to the vacancy defect provide stronger binding sites
for the H2S molecule than those further away from the vacancy.
Fig. 2. Electronic total charge densities for (a) H2S/graphene, (b) H2S/
The minimum atom to atom distance between H2S and the defec-
tive graphene is 1.77 Å. This distance is much shorter than that of
other types of configurations (Fig. 1, a1–a7), which ranges from
2.58 to 3.57 Å. The adsorption energy of H2S on the defective
graphene can reach �0.91 eV, which is more than five times higher
than that of the pristine graphene. The strong interaction should be
attributed to the presence of dangling bonds in the defective
graphene caused by the missed carbon atom.

The configurations for graphene doped with B and N interacting
with H2S were also studied. When one carbon atom is substituted
by B or N atom in the super cell (assigned to B–graphene or N–
graphene, respectively), it is found that the geometric structures
of the doped graphene nanosheets have a planar configuration be-
fore and after adsorption of H2S molecule [7]. After doping B and N
atom into graphene nanosheet, the bond length (l) at the doping
site changes from lC–C = 1.42 Å to lC–B = 1.48 Å and lC–N = 1.41 Å,
respectively, which agree well with previous theoretical works in
B–graphene, N–graphene and doped carbon nanotubes [37,38].
Furthermore, the bond length of doped graphene stays unchanged
after adsorbing H2S. This indicates that the interaction is weak be-
tween H2S molecule and graphene doped with B or N. The adsorp-
tion energies for the B–graphene and N–graphene are �0.11 eV
and �0.14 eV, respectively, and these results further confirm that
they exhibit weaker bindings in comparison with the interaction
between H2S and pristine graphene of �0.17 eV.

In contrast, the geometry of graphene doped with Si (assigned
to Si–graphene) as shown in Fig. 1c deforms dramatically before
and after adsorbing a H2S molecule, which is in agreement with
previous literatures about Si-doped graphene sensing for small
molecules [39,40]. The Si atom is slightly pulled out from the sheet
by H2S molecule, which leads to a significant change in the local
geometry of the materials. The three associated C–Si–C angles thus
change from 119.99�, 119.99� and 120.0� to 109.33�, 109.38� and
109.09�, respectively. The deviation of C–Si–C bond angles from
the standard angle of sp2 hybridization of 120� clearly indicates
that the Si atom near the adsorption site has changed to a more
sp3-like hybridization. Meanwhile, the lengths of three associated
C–Si bonds increase from 1.65, 1.65, and 1.65 Å to 1.720, 1.718,
and 1.717 Å, respectively. Compared to the distance of around
3.00 Å between the pristine graphene sheet and the S atom of
physisorbed H2S, the sheet-molecule distance between the Si–
graphene and H2S molecule is shorten to 2.53 Å. The results indi-
cate that H2S molecule is chemisorbed onto the Si–graphene. In
addition, the Ead of H2S on Si–graphene is found to be �0.94 eV,
which confirms that the Si–graphene is more favorable for H2S
defect–graphene, (c) H2S/Si–graphene, and (d) H2S/Fe–graphene.
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adsorption than the pristine graphene. The adsorption energy of
H2S on Si–graphene is comparable to the adsorption energies re-
ported in previous investigations on sensors based on doped
CNT, such as NH3/B-doped CNT (�0.70 eV), NO2/N-doped CNT
(�0.59 eV) and CO/B-doped CNT (�0.85 eV) [41–43]. The results
suggest that the Si–graphene is a good sensing material for detect-
ing H2S, compared to pristine graphene, B–graphene and N–
graphene.

In order to enhance the sensing performances of H2S sensors
made with materials based on graphene, we further investigated
the adsorption (Table 1) of H2S molecule on the surface of graph-
ene substituted with transition metal atoms including Ca, Co and
Fe. It was found that the three metal-doped graphene can bind
H2S molecule with adsorption energies of �0.66, �1.80 and
�1.92 eV, respectively, which (Co and Fe) are more than one order
of magnitude higher than that of the pristine graphene, and are
also much higher than that of Si–graphene. The hybrids of transi-
tion metal-doped graphene are thus expected to exhibit highly en-
hanced sensing ability for detecting H2S molecule, compared to
pristine, B–graphene, N–graphene and Si–graphene. Because
absorption energy of H2S molecule on the surface of Fe–graphene
is the highest among the metal/graphene, the H2S/Fe–graphene
was thus compared to pristine, defect– and Si–graphene systems
for further understanding the electric and magnetic properties of
doped graphene. Though the above calculation suggests that the
Si–graphene or metal–graphene exhibit improved sensing proper-
ties than the pristine graphene, it is worth noting that the strong
Fig. 3. (a and b) Total electronic density of states for pristine and defect–graphene
corresponding configurations shown in Fig. 1a7 and b. (c) The spin total electronic density
graphene. The Fermi level is set to zero. (For interpretation of the references to color in
binding between the doped graphene and H2S may imply that
the desorption of the H2S could be difficult, and the devices may
suffer from longer recovery time. Possible solutions to this problem
could include vacuum annealing [3], UV irradiation [44] or electric
field [45] assisted desorption method.

The electronic total charge density plot for the H2S/pristine
graphene is compared with that of the H2S on the defect-, Si-
and Fe-doped graphene in Fig. 2. There is no electron orbital over-
lap between H2S molecule and the pristine graphene observed in
Fig. 2a. In contrast, Fig. 2b–d shows that all of the three electronic
charge plots between H2S and the defect-, Si- and Fe-doped graph-
ene are strongly overlapped. The results indicate that there are
more orbital mixing and larger charge transfer in the three sys-
tems, compared to pristine graphene. The total charge density
analysis illustrates that only weak physisorption takes place be-
tween H2S molecule and the pristine graphene, in comparison to
the strong binding sites of Fe–, defect– and Si–graphene for chemi-
sorption of H2S. Because the orbital overlap between H2S and Fe–
graphene is much stronger than that between H2S and pristine, de-
fect and Si-doped graphene, the Fe–graphene system is expected to
show significant change in its electronic properties upon H2S
adsorption. It is thus safe for us to conclude that the Fe–graphene
system is more suitable for sensing H2S, compared to the others.

The electron transfer between H2S and the graphene nanosheets
was obtained from the Mulliken population analysis (Table 1),
which may be qualitatively understood by the fact that the H2S
adsorption tends to transform the atoms at binding sites from
(black curves) and molecule–graphene systems (red curves) calculated for the
of states for pristine, Fe–graphene, and H2S/Fe–graphene. (d) The PDOS of Fe in Fe–

this figure legend, the reader is referred to the web version of this article.)
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sp2 hybridization to more sp3-like hybridization. It was found that
a large charge transfer (1.23 |e|) from H2S to graphene occurs in the
presence of Fe atom, and it also takes place in those systems from
H2S to defect–graphene (0.74 |e|) and Si–graphene (0.26 |e|). The
H2S molecule acts as the electron donor in the adsorption process.
The high adsorption energy and large electron density overlap ob-
served in the H2S/Fe–graphene system indicate the formation of
coordination bond between H2S molecule and Fe atom.

To better understand the change in the electronic structure
arouse by H2S gas adsorption, the electronic densities of states
(DOSs) are calculated for the systems of H2S on pristine, defect–
and Fe–graphene. Fig. 3 shows the DOS for the representative
systems. The adsorption energies calculated reveal that the
interaction between H2S and the pristine graphene is weak. The
DOS structure of H2S/graphene system as shown in Fig. 3a, which
show little change after the adsorption of H2S molecule, clearly
verifies the weak interaction again. The contributions of the
H2S electronic levels to the total DOS for pristine, defect– and
Fe–graphene are localized between �7.5 and �1.2 eV in the
valence bands and around 2.5 eV in the conduction bands, which
are far away from the Fermi level.

In contrast, the DOS of H2S on defective graphene as shown in
Fig. 3b is dramatically changed due to the strong molecule–
graphene interactions. Compared to that of pristine graphene, the
DOS of defect–graphene exhibits a large peak appearing just above
the Fermi level. This peak indicates that the system is strongly
metallic and a significant increase in the conductivity of defect–
graphene is expected in comparison with the pristine graphene.
Fig. 4. (a) A schematic illustration of the graphene-based chemical sensor for detecting H
graphene (black), H2S/graphene (red), Fe–graphene (green) and H2S/Fe–graphene (b
transmission of the above junctions under a bias voltage of 1.8 V. It should be noted that t
clarity. (For interpretation of the references to color in this figure legend, the reader is r
After the chemisorption of H2S molecule, the system becomes
more like a semiconductor and exhibits a drop of the DOS near
the Fermi level. The DOS analysis also indicates that the interaction
between H2S and the defect–graphene is stronger than that of pris-
tine graphene. The adsorption of H2S onto the surface of defect–
graphene can move the major band features to a higher energy;
in other words, the Fermi level of the system shifts towards lower
energy. It is consistent with the results based on the analysis of
adsorption energy values of the two systems. Such an enhance-
ment in the interaction between H2S molecule and defect–graph-
ene can be directly associated with the rearrangement of the
sheet structure of graphene in the presence of H2S molecule [46].

Considering the strong magnetic property of Fe atom, both Fe–
graphene and H2S/Fe–graphene could be also magnetic. The spin
up channel of the Fe–graphene shows two new states, one near
�1.0 eV in the valence band and the other near 1.0 eV in the con-
duction band (Fig. 3c). The zero-gap semiconducting property of
the graphene is maintained in the spin up channel of the Fe–graph-
ene, but the spin down channel shows non-zero density of states
around the Fermi level. The results suggest that the Fe–graphene
is also half-metallic. It is observed that the interaction between
graphene and Fe induces significant shifts between the up and
down spin DOSs, which should result in a high magnetic moment.
The magnetic moment of the Fe–graphene is calculated to be 2.28
lB, which is almost twice the value of the Co–graphene. For the
H2S/Fe–graphene, Fig. 3c shows that both spin up and spin down
channels move toward lower energy direction. Interestingly,
there is no shift observed in the spin DOSs of the H2S/Fe–graphene
2S gas molecules. (b) The I–V curves of the two electrode devices based on pristine
lue). (c) The normalized I–V curves of the graphene and Fe–graphene. (d) The
he I–V curves are offset 1 � 10�7 A in (b), 1.2 in (c) and 0.02 in (d) from each other for
eferred to the web version of this article.)
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system, which indicates that H2S can turn the magnetic
Fe–graphene into nonmagnetic materials. The partial DOSs
(PDOSs) of Fe in Fe–graphene are shown in Fig. 3d. The s orbitals
of Fe in Fe–graphene contribute to the states near 1.11 eV and
1.62 eV. The p orbitals contribute to the states �0.49 eV bellow
the Fermi level and between 1.10 eV and 1.68 eV above the Fermi
level. Meanwhile, the d-orbitals give much stronger intensity,
suggesting that the magnetic property mainly comes from the
d-orbitals. In the spin-up channel of the Fe–graphene, the d orbitals
give two major peaks below the Fermi level, with an energy differ-
ence of 0.67 eV, and in the spin-down channel of Fe–graphene, d
orbitals split up two energy �0.23 eV and 0.77 eV. The PDOSs are
clearly different in the spin-up and spin-down channels, which
indicates magnetic moment occurs.

The magnetic properties of H2S/Fe–graphene system can be ex-
plained by the d-orbital splitting of graphene, which could be
understood by the classic Ligand Field Theory (LFT) [47–49]. The
charge population results indicate that Fe atom bear two positive
charges in the H2S/Fe–graphene complexes, hence it has 6 d-elec-
trons. According to earlier theoretical and experimental work [50],
the Spin-Pairing Energy (SPE) of d6 transition metal cation is
around 1.49 eV. As suggested by the d-band splitting values in
the above PDOS calculation, the D (Ligand Field Splitting Parame-
ters) values of Fe–graphene system are very small. So, each of
the five d-orbitals is occupied by one electron to form ‘‘high spin’’
complexes before any pairing occurs in according to Hund’s rule. In
the case of H2S/Fe–graphene, the system gives a large D value of
2.26 eV, which is much higher than the SPE of 1.49 eV. Therefore,
the three orbitals with lower energy are completely filled before
population of the upper sets start filling in according to the Aufbau
principle, so that the 6 d-electrons all exist in paired state, which
has resulted in zero magnetic moment.

The I–V calculation using NEGF method can semi-quantitatively
assess the feasibility of using graphene as a sensing material for
detecting gas molecules. We further investigated the effects of
H2S molecule adsorption on the transport properties of electrical
devices based on graphene (Fig. 4a). The I–V curve of the pristine
graphene exhibits clear non-linear behavior, which is consistent
with its zero-gap semiconductor property. The calculated I–V
curves of the pristine graphene and H2S/graphene systems are very
similar (Fig. 4b). In the bias rang of 0–3.0 V, the largest current dif-
ference between the two systems is less than 2%. This indicates
that the response of pristine graphene to H2S molecule is far from
enough for the practical sensing applications. In contrast, the sim-
ulated I–V curves for the pristine graphene and Fe–graphene sys-
tems before and after H2S adsorption are compared in Fig. 4a.
The Fe–graphene is much more conductive than the pristine graph-
ene. This may be resulted from the Fe atom donating its 3d electron
density into the fact that p orbital of the graphene and the p-states
of graphene are hybridized with the 4s and 3d electrons of Fe atom
near Fermi level [50]. After normalized against the intrinsic con-
ductivity of the corresponding graphene (Fig. 4c), the sensitivity
of Fe–graphene to H2S is found to be dependent on the bias voltage,
and two bias windows of high sensitivity are visible between 0–
0.6 V and 1.6–2.0 V, respectively. At the bias voltage of 1.8 V, the
Fe–graphene shows a sensitivity of nearly 10 times higher than
that of the pristine graphene (Fig. 4c). At the optimum bias voltage
of 0.2 V, the Fe–graphene shows a sensitivity of nearly 1900 times
higher than that of the pristine graphene. The I–V results are in
accordance with the transmission spectra shown in Fig. 4d. The
transmissions of graphene and the H2S/graphene are close to zero
around the Fermi level with poor electron transport channels. In
contrast, the Fe–graphene has a peak below the Fermi level
whereas the H2S/Fe–graphene has a high peak above the Fermi le-
vel. The Fe–graphene and H2S/Fe–graphene can provide good elec-
tron transport channels and therefore have good conductance.
4. Conclusion

In summary, first-principles calculations reveal that graphene
modified with Fe and defect exhibit highly enhanced H2S sensing
behaviors, compared to that of pristine graphene when exposed
to gaseous H2S molecule. Doping graphene with B or N is not a
promising route for improving H2S molecule adsorption. In con-
trast, H2S can adsorb on graphene surface strongly when lattice de-
fect or doping Si is introduced into the nanosheet. Metal-doped
graphene nanosheets are able to chemically bind H2S. The changes
in the electronic structure produced by absorption and orbital
hybridization are confirmed by a large change in conductivity. This
makes it possible to use metal-doped graphene as sensing materi-
als for designing novel H2S sensors.
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