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Graphene-like zinc oxide monolayer (g-ZnO) is a new class of two-dimentional nanomaterials with unique new properties that is still 
much unknown. This work studies the tunability of the electronic and magnetic properties of g-ZnO upon chemical doping (with B, N 
and C) and CO adsorption by using first-principles calculations. Both electronic and magnetic properties of g-ZnO exhibit strongly 
dependency on its structure change and molecular adsorption. The g-ZnO with oxygen atom substituted by a C or N atom (one atom per 10 

supercell) are ferromagnetic (FM) half metal (HM), while that substituted by a B atom is a FM semiconductor. The doped g-ZnO shows 
strong chemisorption to CO molecule by forming A-CO bond (A = B, N or C), in contrast to the weak physisorptionof the intrinsic g-
ZnO. Furthermore, CO adsorption converts the N- and C-doped g-ZnO to n-type semiconductor with nonmagnetic (NM) ground states, 
while B-doped g-ZnO becomes a ferromagnetic half metal (FM-HM). The mechanism for the property change has been investigated by 
analyzing their partial density of states (PDOS) upon different conditions. This study provides insights to the physical properties and 15 

chemical reactivity of g-ZnO, which could help to realize their diverse potentials in electronic and magnetic devices. 

1    Introduction 

Graphene,1 a single atom layer thick two-dimensional (2D) 
material, has been extensively investigated in transparent 
electrodes,2,3 spintronic devices,4 composites,5 gas sensors6,7 20 

because of its unique structural, mechanical and electronic 
properties. However, a perfect graphene has almost zero band gap, 
which prevents it to be used in switching type electronics and 
many optical applications. In the last few years, new classes of 
two-dimentional nanomaterials with intrinic band-gap have 25 

attracted much interest. Zinc oxide (ZnO), whose band gap 3.37 
eV, is one of the mostly studied semiconductor materials, because 
of its high transparency, piezoelectricity and biocompatibility. 
ZnO nanostructures have been readily applied in designing 
chemical sensors, energy storage devices, and transistors.8,9 ZnO 30 

materials with diverse morphologies, such as nanorings,10 
nanosphere,11,12 nanotubes,13 nanowires,14-17 nanobelts,18 
nanosheets,19 nanaoparticles,20 and nanoclusters21,22 have already 
been synthesized successfully for tuning their functionalities.  

 35 

    While it is rare so far, based on first-principles calculation, 
graphene-like ZnO nanosheets (g-ZnO) could also exist and 
exhibit unique properties including optical property. The 
successful synthesis of g-ZnO (similar to a single atomic layer of 
graphite sheet) in experimental have awakened an enormous 40 

interest in this two-dimensional material. Previous theoretical 
work predicts that the (0110)-oriented ZnO nanowires can 
undergo a phase transformation from wurtzite, which is most 
stable form of ZnO at ambient temperature and pressure, to 
hexagonal structure under uniaxial tensile loading.23 The g-ZnO 45 

of monolayer with graphene-like structure has a direct wide band 
gap.24,25 It was found in experiments that planar ZnO sheets of 
two-layer-thick with hexagonal graphitic structure can be 
deposited on a Ag (111) surface.26 Single- and bilayer ZnO has 
been prepared by reactive deposition of Zn on Au(111) using X-50 

ray photoelectron spectroscopy and STM by Deng et al.27g The 
experimental results revealed that very thin films of polar (0001) 
surface of ZnO show graphene-like structure.28 Hur et al29 also 
reported ZnO thin films with graphene-like structure by in situ 
synchrotron x-ray scattering. Recently, it was reported that the 55 

electronic structure and magnetic property of g-ZnO could be 
tuned by introducing dopant, vacancy and adsorption into the 
system. For example, Schmidt et al30 have investigated the 
properties of g-ZnO doped with Co, and indicated that the Co 
doped Zn site suffers a Jahn-Teller distortion. Topsakal and 60 

coworkers25 presented the atomic, electronic, and magnetic 
properties of single and bilayer ZnO with honeycomb structure. 
In addition, it was revealed that fully fluorinated ZnO sheet 
prefers a twist-chair conformation and is a nonmagnetic 
semiconductor. In contrast, the most stable F-center conformation 65 
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of semifluorinated ZnO sheet exhibits half-metallic behavior.31 
The fluorination of few layered g-ZnO can induce ferromagnets 
and half metallicity.32 Furthermore, nonmetal doped ZnO were 
also investigated in the past years. Sulfur-doped ZnO 
nanowires,33 heterostructure based on N-doped ZnO34 were 5 

successfully synthesized in experimental. 2D g-ZnO monolayer 
with O atoms substituted by C, N, or B atoms can also make the 
g-ZnO to exhibit a “nonmagnetic- antiferromagnetic-
ferromagnetic” transition.35 It was reported that ZnO 
nanoribbon’s half metal ferromagnetism can be enhanced by 10 

using edge passivation with hydrogen, sulfur, NH2, or CH3.
36,37 

To date, most of the available theoretical researches on g-ZnO are 
mainly based on analyzing their band gap and magnetism. While, 
the property changes of g-ZnO upon interaction with small 
molecules are rarely studied. The effects of such“dynamic” 15 

interactions could be critical when the materials is used in 
conditions invovling variable chemical enviorments, such like 
chemical sensing and catalysis. 

   Fig. 1 Illustration to the twelve available binding sites for CO 
adsorption on pristine ZnO. The Zn, O and C atoms are shown in 20 

pink, blue, grey, and red, respectively. 
 
    The researches in our group have concentrated on tuning the 
functionalities of ZnO materials through controlling their 
nanostructures. ZnO hexagonal rings and disks were produced on 25 

a large scale based on a controlled growth of supercrystals in 
nanoreactors.10 Nanoarchitectures including Pd 
nanoparticles@ZnO nanowires and Pd nanoparticles@ZnO 
nanosheets have been constructed successfully to fabricate H2S 
and acetone sensors with highly improved performances, 30 

respectively.15,38 It was found that the gas sensing functionalities 
of ZnO materials are closely dependent on their microstructures 
and surface modifications. Recently, we found that ZnO twin-
spheres exposed in highly polar ±(001) facets, which exhibit 
anisotropic blue emission for the special surface of the particles, 35 

can be synthesized successfully with a stepwise self-assembly 
growth method.39 Herein, using first-principles calculations, we 
exploited dopant effects on the functionality of g-ZnO sheet by 
introducing CO molecule into the system for understanding the 

gas sensing mechanism of the materials. CO molecule can be 40 

used as a probe to study the chemical reactivity of modified g-
ZnO sheets. Compared with the very inert surface of pristine g-
ZnO sheet, the doped g-ZnO sheets show much higher affinities 
with CO molecule. Meanwhile, doped g-ZnO sheet-CO systems 
also exhibit narrowed band gap and interesting magnetic 45 

properties. This work may open new pathway for tailoring the 
functionalities of ZnO nanostructures for making microdevices 
such as chemical sensors.  
  

2  Calculation method and model 50 

All calculations were performed within the framework of spin-
polarized plane-wave DFT, implemented in the Vienna ab initio 
simulation package (VASP).26, 27 The local density approximation 
(LDA) for the plane-wave basis set was used in all relaxation 
process. Each system consisted of a 12.30x12.30x15.00 Å ZnO-55 

sheet super cell (32 atoms) with a single molecule adsorbed in the 
center region (Fig. 1). The distance between the adjacent g-ZnO 
layers was kept as 15 Å. An energy cutoff of 500 eV is used for 
the plane-wave expansion of the electronic wave function. The k-
point was set to 5x5x1 for the Brillouin zone integration. The 60 

structural configurations of the isolated g-ZnO were optimized 
through fully relaxing the atomic structures. With the same super 
cell and k-point samplings, the configurations of the g-
ZnO/molecule systems were optimized through fully relaxing the 
atomic structures until the remaining forces were smaller than 65 

0.01 eV/Å. The binding energy of CO on g-ZnO was calculated 
as:  

Eb = E(g-ZnO/CO)-E(g-ZnO)-E(CO) 
where E(g-ZnO/CO), E(g-ZnO) and E(CO) are the total energies of the 

relaxed g-ZnO/CO system, ZnO and the CO molecule, 70 

respectively. In the following section, the non-metal doped g-
ZnO are also investigated. Because the radius of B, N, C are close 
to O, one O atom was replaced by one B, N or C atom for 
reducing complexity. The percentages of B-, N-, and C- dopant 
are 0.85wt%, 1.08wt%, 0.93wt% in thedoped g-ZnO system, 75 

respectively, based on ZnO-sheet super cell with 32 
atoms.Furthermore, test calculation shows that using a higher cut-
off energy (700 eV), 8x8x1 k-points or a larger vacuum gap (20 
Å) between the g-ZnO sheets made little improvement to the 
simulation results.  80 

  

3    Results and discussions 

In order to verify the accuracy of our calculations, we first 
perform the calculations on the pristine ZnO sheet and compare 
our results with previous studies. The initial structure of the ZnO 85 

monolayer is cut from a bulk wurtzite ZnO with (0001) polar 
surface, consistent with the structure of ZnO monolayer 
synthesized experimentally. The optimized structure of 
monolayer ZnO sheet is a graphene-like flat plane. The calculated 
Zn-O bond length is 1.88 Å, which agrees well with the 90 

experimental value of 1.92 Å,26 and previous theoretical values of 
1.86 Å by Tu24 and 1.90 Å by Topsakal et al.25 Our calculations 
predict that the ZnO sheet is a NM semiconductor with a LDA 
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band gap of 1.86 eV, which also agrees well with the previous 
calculations.  
 

Table 1. Binding energy (Eb), equilibrium g-ZnO/CO distance (d) (defined 

as the shortest atom-to-atom distance), and Mulliken charge (Q) of CO 5 

molecule adsorbed on different g-ZnO sheet. 

 

     System    Ead (eV)         d (Å)     Q(e)a 

a   -0.035  2.48  0.05 

b  -0.019 2.49  0.03 

c       -0.33 2.67  0 

d       -0.012  2.76  0.02 

e        -0.17 2.67  -0.06 

f       -0.040 2.78  0.01 

g       -0.19 2.79  0 

h       -0.35 2.23  -0.05 

i       -0.0054 3.30  0 

j       -0.012 3.21  0 

k       -0.32 3.19  0 

l       -0.27 3.31  0 

B-g-ZnO/CO       -4.05 1.43  -0.24 

N-g-ZnO/CO       -2.77 1.24  -0.04 

C- g-ZnO/CO       -5.65 1.32  -0.16 
aQ is defined as the total Mulliken charge on the molecules, and negative 

number means charge transfer from g-ZnO to molecule. 

 10 

To understand the optimal binding configuration of CO 
molecule on the pristine g-ZnO, twelve different adsorption 
configurations were studied (Fig. 1). Different adsorption sites 
with CO oriented perpendicular to the g-ZnO sheet were 
considered, including atop a zinc atom, at the center of the 15 

hexagon, atop an oxygen atom. For each site, two orientations of 
the CO molecule were considered, with either C (referred as the 
CO configuration) or O (referred as the OC configuration) close 
to the sheet surface. Several other configurations with the CO 
molecule placed parallel to the hexagonal plan were also tested. 20 

Each structure was fully relaxed, and the calculated binding 
energy, charge transfer, and distance between the adsorbed 
molecule and the sheet are summarized in Table 1. After full 
relaxation, the configuration with the CO axis aligned parallel to 
the hexagonal plan along the diagonal Zn-O direction with the C 25 

close to Zn atom (Fig. 1h) was found to be the most stable atomic 
arrangement. This adsorption configuration gives the highest 
binding energy (Eb = -0.35 eV) and the shortest distance between 
CO and g-ZnO (d = 2.67 Å). The calculated binding energy is 
similar to that of CO adsorbed on carbon nanotubes,40 boron 30 

nitride nanotubes41 and graphene.42 The relatively small Eb and 
large d values indicate that CO undergoes weak physisorption on 
the pristine g-ZnO, which is consistent with known inert chemical 
property of g-ZnO materials. The calculated charges of CO 
adsorbed on g-ZnO from Mulliken population analysis are also 35 

provided in Table 1. For the most stable configuration (Fig. 1i), a 
very small charge (0-0.06 |e|) is transferred from g-ZnO to CO, 
which indicates their weak interaction.  

 

 40 

 
 
 
 
 45 

 
 
 
 
 50 

 
 
 
 
 55 

 
 
 
 
 60 

 
 

 

Fig. 2 Optimized adsorption configurations of CO molecule on g- 
ZnO (a), the B-g-ZnO (b), N-g-ZnO (c) and C-g-ZnO (d) surface. 65 

 
When one oxygen atom is substituted by B atom in the super 

cell, it is found that the geometric structure of the B doped g-ZnO 
(B-g-ZnO) changes dramatically. Due to the large size of B atom, 
the B doping results in elongation of the bond length (l) at the 70 

doping site from lZn-O=1.876 Å to lZn-B=2.006 Å. The B atom was 
pushed away from the plane. This bond length change is 
associated with the distortion of hexagonal structures adjacent to 
the B atom, similar to the restructuring in Al doped graphene and 
carbon nanotubes.40,42 Like the studies of CO adsorption on the 75 

pristine g-ZnO, twelve available adsorption sites have also been 
evaluated for the CO adsorption on the B-g-ZnO sheet. After 
relaxation, the configuration in Fig. 2b was found to be the most 
stable structure, in which the CO molecule is attached to the B 
site of the B-g-ZnO. In the optimal configuration, the adsorbed 80 

CO pulls the B atom out slightly from the sheet plane, leading to 
a significant change of local geometry of the B-g-ZnO. The 
formed B-CO bond is titled towards the sheet surface, and the 
three associated Zn-B-Zn angles are 118.64, 118.33 and 118.25°, 
respectively. Meanwhile, the three B-Zn bond lengths are 85 

changed from 2.006 Å to 2.004, 2.005 and 2.007 Å, respectively, 
while the length of the B-CO bond is 1.43 Å, indicating that the B 
site is transformed from sp2 hybridization to more sp3 like 
hybridization. Moreover, the binding energy of CO on the B-g-
ZnO is -4.05 eV, which is over 10 times larger than that of CO on 90 

the pristine g-ZnO. The high binding energy and short distance 
clearly indicate that chemical bond can form during the 
adsorption process. The binding of CO on the B-g-ZnO is in fact 
comparable to the binding energies reported in previous 
investigations on sensors based on doped CNT, such as CO/B-95 

doped CNT (-0.85 eV),43 suggesting that the B-g-ZnO may be 
used as a good sensing material for CO. 
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In the N-doped ZnO (N-g-ZnO) system, the CO molecule was 
initially placed on the various sites of the N-g-ZnO with different 
orientations to find the optimal adsorption configurations. The 
favorable configuration of CO on the N-g-ZnO is similar to the 
CO on B-g-ZnO systems, i.e. the N atom adopts similar positions 5 

like the C atoms in the CO systems. The binding energy is quite 
exothermic (-2.77 eV), which the C-N length of 1.24 Å. In this 
case, the charge transfer is -0.04 |e|, indicating an apparent charge 
transfer from N-g-ZnO to CO. As discussed above, CO cannot be 
bound to pristine ZnO, but the N-doping makes the para C 10 

preferable for CO chemisorption.  
When adsorbed in the C-doped g-ZnO (C-g-ZnO), CO 

molecule prefers to take an orientation with its C atom pointing at 
the C atom of the C-g-ZnO. The calculation indicates that the 
dopant provides a stronger binding site for the CO adsorption. 15 

The minimum atom to atom distance between the CO and the C-
ZnO is 1.32 Å. This distance is in fact close to the bond length of 
a C-C double bond and is much shorter than that of the pristine 
ZnO (2.23 Å). The binding energy of CO on the C-g-ZnO can 
reach -5.65 eV, which is more than one magnitude higher than 20 

that of the pristine g-ZnO.  

 

Fig. 3 Total charge densities of CO interacting with pristine g-
ZnO (a) and B-g-ZnO (b). 

 25 

The electronic total charge density plot for the pristine g-
ZnO/CO is compared with that of the CO on the doped-ZnO (take 
B-g-ZnO for example) in Fig. 3. Little electron orbital overlap 
between CO molecule and the pristine g-ZnO is observed in Fig. 
3a. In contrast, Fig. 3b show that the electronic charge plots of 30 

CO and the B-g-ZnO are strongly overlapped, leading to more 
orbital mixing and larger charge transfer. The total charge density 
analysis illustrates that only weak physisorption takes place 
between the CO and pristine g-ZnO, while the dopants provide 
strong chemisorption binding sites for CO. As the orbital overlap 35 

between CO and the B-g-ZnO is much stronger than that of the 
pristine ZnO is expected to show significant change in its 
electronic properties upon CO adsorption, therefore is more 
suitable for sensing applications than the pristine g-ZnO materials.  

 The electron transfer between CO and the modified g-ZnO 40 

sheets were obtained from the Mulliken population analysis 

(Table 1), which may be qualitatively understood by the fact that 
the CO adsorption tend to transform the atoms at binding sites 
from sp2 hybridization to more sp3 like hybridization. As B atoms 
can only provide three valance electrons, they tend to accept 45 

electrons to fill the empty orbitals when transformed to sp3 
hybridization. Therefore, charges are transferred from CO to the 
B-g-ZnO (0.24 |e|). For the doped g-ZnO, large charge transfer 
occurs between doped g-ZnO and CO molecule. However, little 
charge is transferred between pristine g-ZnO and CO molecule.  50 

Fig. 4 The electronic band structure of g-ZnO (a), g-ZnO/CO (b), 
B-ZnO (c), B-ZnO/CO (d), N-ZnO (e), N-ZnO/CO (f), C-ZnO (g) 
and C-ZnO/CO (h). The Fermi level is set to zero. The black and 
red lines represent spin-up and spin-down channels, respectively. 

 55 

The electronic and magnetic properties of the g-ZnO/CO 
systems are analyzed from their spin band structure spectra. The 
calculated majority and minority band for the (a) pristine g-
ZnO/CO, (b) C-g-ZnO/CO, (c) B-g-ZnO/CO and (d) N-g-
ZnO/CO are shown in Fig. 4. The band structure of the pristine g-60 

ZnO shows a band gap of 1.68 eV (Fig. 4a), indicating an 
extremely low conductivity. The band structure of g-ZnO/CO 
shows a small new band at 2.5 eV, while there is no significant 
change near the Fermi level and the band gap is still large 1.68 
eV (Fig. 4b). The contribution of the CO electronic levels to the 65 

total band for both systems is localized between -1.0 and -2.2 eV 
in the valence bands and around 2.5 eV in the conduction bands, 
which are far away from the Femi level. It indicates little 
conductivity change upon CO adsorption. The spin up and spin 
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down channels are identical in Fig. 4a and b, indicating no 
magnetic moment exists for the pristine g-ZnO either before or 
after the CO adsorption. Therefore, the pristine g-ZnO is unlikely 
to serve as electronic sensor for CO molecule.  

 Next, we consider the B-g-ZnO monolayer with one oxygen 5 

atom substituted by a carbon atom per supercell (Zn16O15B), as 
shown in Fig. 2c. The calculated band structure indicates that the 
B-g-ZnO monolayer is a ferromagnetic (FM) semiconductor with  
spin-polarized bands apart from the Fermi level (Fig. 4c). The 
total magnetic moment per supercell of Zn16O15B is 1.02 µB. 10 

Compared with pristine g-ZnO, the B-g-ZnO configuration 
presents asymmetrical spin up and spin down bands, which 
means that the spin degeneracy has been broken. Moreover, one 
spin-polarized band below the Fermi level and two spin-polarized 
bands above the Fermi level appear in the spin down channel. 15 

Then, one spin-polarized band above the Fermi level appears in 
the spin up channel. Each spin channel shows semiconducting 
characteristics; the band gaps are 0.44 and 0.61 eV for spin down 
and spin-up channels, respectively, which are lower than pristine 
g-ZnO. B doping also brings impurity states in both spin up and 20 

spin down channels below or above the Fermi level. Note that the 
impurity states in two spin bands are also degenerate. After the 
introduction of CO into B-g-ZnO surface, the energy bands near 
the Fermi level become asymmetric for different spin channels: in 
the spin down channel, the Fermi level is shifted into the 25 

conduction band and metallicity is thus obtained, while the spin 
up is semiconducting with a 1.82 eV gap. Therefore, the B-g-
ZnO/CO is HM. The magnetic moment occurs in the B-g-
ZnO/CO (0.94 µB), which is close to the B-g-ZnO system. After 
CO adsorption on B-g-ZnO surface, it almost keeps the FM. 30 

Similarly, N-g-ZnO containing one N atom doping is also HM, 
with a metallic spin down channel and a 1.85 eV gap for spin up 
channel. The introduction of N atom gives many impurity states 
in valence bands, while the dopant only leads one spin down 
channel near 0.08 eV above the Fermi level. From Fig. 4e, it can 35 

be seen that the spin down channel exceeds the spin up channel 
by the occupied peak just above the Fermi level and spin up 
channels shows new bands below the Fermi level between -0.10 
eV and -0.95 eV, indicating that magnetic moment occurs in the 
N-g-ZnO (0.98 µB) systems. After binding with the CO molecule, 40 

the spin up channels and spin down channels completely overlap 
together with a band gap of 1.85 eV, indicating the N-g-ZnO/CO 
is NM property. From the band structure analysis, NM property 
can be seen compatible with pristine g-ZnO. It is noticeable that 
when N dopant is applied, as in case Fig. 4e, a magnetic 45 

behaviour is observed through crossing the line at the Fermi 
energy, after the adsorption of CO molecule (case Fig. 4f), NM 
property is recovered. This variety of fundamental changes on the 
important electronic properties of the resulting materials is 
appropriate for manipulation of such modifications.  50 

For C-g-ZnO, its result is close to the N-g-ZnO. When the C 
atom was doped into the pristine g-ZnO surface replacing with 
the O atom, the energy bands near the Fermi level become 
asymmetric for different spin channels, indicating that C-g-ZnO 
monolayer is a FM materials. It also shows HM property with 55 

spin down channels crossing the Fermi level and a 1.61 eV gap 
for spin up channels. The total magnetic moment per supercell of 
Zn16O15C is 2.09µB, which is consistent with previous report 35. 

After adsorption the CO molecule, the C-g-ZnO appear 
nonmagnetic with a 1.98 eV gap for spin up and spin down 60 

channel. The phenomena also confirms that CO can quench the 
magnetism of C-ZnO. 

  
 
 65 

 
 
 
 
 70 

 
 
 
 
 75 

 
 
 
 
 80 

Fig. 5 The calculated majority and minority DOS of (a) B in B-g-
ZnO, (b) B in CO/B-g-ZnO, (c) N in N-g-ZnO, and (d) C in C-g-
ZnO. The s and p orbitals are shown in red and blue, respectively. 
The zero corresponds to the Fermi energy. 
 85 

The above calculations have revealed that different dopants 
could tune the nonmagnetic ZnO to magnetic one, while the 
CO/dopant/ZnO also show different spin polarized properties.  To 
further understand the origins of such different magnetic 
properties of the doped-ZnO and CO/dopant/graphene systems, 90 

the calculated majority and minority DOSs for the (a) B in B-g-
ZnO, (b) B in CO/B-g-ZnO, (c) N in N-g-ZnO and (d) C in C-g-
ZnO are shown in Fig. 5. The 1s and 2p orbitals of B in B-g-ZnO 
contribute to the states near -4.9--8.5 eV, -1.0-1.26 eV. The 1s 
orbitals is far away the Fermi level, while the 2p orbitals is near 95 

the Fermi level, indicating the mostly contributed magnetic 
moment of B-g-ZnO coming from the 2p orbitals. Two kinds of 
unsymmetrical peaks of 2p orbitals in B-g-ZnO appear bellow the 
Fermi level (-0.28 eV, 0 eV) and above the Fermi level (0.55 eV, 
0.79 eV), which induces enhanced magnetic moment. After CO 100 

molecule adsorption on B-g-ZnO (Fig. 5b), one kind of 
unsymmetrical peak of 2p orbitals in B (CO/B-g-ZnO) above the 
Fermi level disappear, and intensity of another kind bellow the 
Fermi level also weaken. It indicates the magnetic moment of B 
in B-g-ZnO (1.09 µB) is larger than that of B in CO/B-g-ZnO 105 

(0.89µB). Although the spin polarized propertie of s orbitals is 
prominent for B in CO/B-g-ZnO compared to B in B-g-ZnO 
between -1.56 eV and -0.25 eV, the magnetic properties of B in 
B-g-ZnO is stronger than B in CO/B-g-ZnO for p orbitals mainly 
contributed to the spin properties near the Fermi level. For the 110 

PDOS of N-g-ZnO and C-g-ZnO, the majority and minority 
densities of s orbitals are identical in Fig. 5c and d, indicating no 
magnetic moment exists for the s orbitals either in N-g-ZnO or C-
g-ZnO. The local magnetic moment of N-g-ZnO and C-g-ZnO is 
mainly contributed by the N’s 2p orbital and C’s 2p orbitals. The 115 

spin DOS of the 2p orbitals C-g-ZnO has two remarkable peaks 
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above the Fermi level (0 eV and 1.18 eV) and one peak below the 
Fermi level (-0.25 eV), while N-g-ZnO has one peak above the 
Fermi level (0.04 eV), and one peak below the Fermi level (-0.86 
eV). It indicates that the C’2p orbital have higher asymmetry and 
intensity than N’2p orbital, which also confirms C dopant could 5 

induce larger magnetic moment than that of N dopant. The 
observations of both enhanced electronic and magnetic properties 
of the g-ZnO through introduction of dopant shall help to 
establish appropriate methods for chemical modification of the 
originally inert g-ZnO and to facilitate the applications of this 10 

new nanomaterial in the fields of electronic and magnetic devices. 

4   Conclusions 

In summary, the adsorption of CO molecule on the pristine, B-, 
N- and C-g-ZnO are investigated using DFT calculation. It is 
found that the CO molecule shows strong interactions with B- 15 

and N-g-ZnO, and it even forms chemical bond with the C-g-ZnO. 
The significantly increased binding energies and charge transfers 
of CO on the modified g-ZnO are expected to induce significant 
changes in the electrical conductivity of g-ZnO, and therefore are 
promising for electronic applications, such as gas sensor. 20 

Furthermore, the doped-ZnO shows spontaneous magnetization 
and changeable magnetism upon CO adsorption, which may be 
used in sensor or novel magnetic devices.  
 
 25 
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