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As a common volatile organic compound, benzene (CgHg) exists in home decoration pollution gas widely,
which causes great harm to the environment and human health. Therefore, it is necessary to rationally
design advanced materials with high selectivity to detect and capture CgHg. Herein, combined with the
d-band center theory and cohesive energy, a new two-dimensional metal-organic framework material,
Ni-doped hexaaminobenzene-based coordination polymer (Ni-HAB-CP) is designed, and its application
potential as a CgHg sensor are systematically investigated by using first principles calculation. The result
shows that Ni-HAB-CP has a strong adsorption for C¢Hg without any additional method. In addition, Ni-
HAB-CP can maintain good conductivity before and after adsorption, and C¢Hg can be easily desorbed
from the surface of Ni-HAB-CP by charge control. Moreover, the I-V curve calculated by Atomistix Toolkit
(ATK) reveals that Ni-HAB-CP has high sensitivity and selectivity to CgHg. Hence, Ni-HAB-CP is expected
to be used as a potential material for a highly efficient and recyclable CgHg sensor in the future. The cal-
culation and analysis methods used in this paper could provide a certain theoretical basis and reference

for the future research of gas sensors.
© 2022 Published by Elsevier B.V. on behalf of Chinese Chemical Society and Institute of Materia

Medica, Chinese Academy of Medical Sciences.

In today’s highly developed human society, more and more pol-
lution problems are accompanied with modern life. Among them,
home decoration pollution has become a major killer of human
health [1-3]. In addition to formaldehyde, benzene is the second
largest pollutant of home decoration, it is a major reason for the
increase of children with leukemia in recent years [3-6]. Because
the environmental safety regulations for indoor and outdoor air
quality, various industrial processes, agricultural industry and early
diagnosis of diseases have become increasingly stringent in re-
cent years, the development of effective gas and volatile organic
compounds sensors has attracted great attention [7-10]. In recent
years, with the continuous emergence of new technologies, there
have been more and more researches on gas sensor materials [11-
17]. Two-dimensional materials are widely used in gas detection
because of their high specific surface area and many active sites
[18-21]. Graphene is the most representative two-dimensional ma-
terial, since its discovery, the application of graphene-like materi-
als based on its structure in hazardous gas sensors has received
extensive attention [22-25]. However, due to the lack of band gap
of graphene, it is necessary to introduce dopants to overcome its
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limitations and sensitivity to a variety of harmful gasses, which in-
creases the difficulty and cost of practical applications. Therefore,
it is necessary to find efficient hazardous gas sensor materials.

Metal organic framework (MOF), is a kind of crystal material
with periodic network structure formed by self-assembly of or-
ganic ligands and metals (metal ions or metal clusters) [26-28].
In recent years, due to their large specific surface area, adjustable
pore size, tunable functional sites, conductivity, magnetism, fer-
roelectricity, luminescence and chromaticity [28,29]. According to
different working principles, various MOFs have been developed,
which have been widely used in the detection of a variety of
gasses and volatile organic compounds [30-34]. In recent years,
researchers have synthesized a new 2D transition metal organic
framework material, called hexaaminobenzene-based coordination
polymer (HAB-CP). Feng et al. have synthesized HAB-CP monomer
successfully [35,36]. After a systematic and extensive exploration of
the synthesis conditions, in alkaline and air environment, Ni-doped
hexaaminobenzene-based coordination polymer (Ni-HAB-CP) has
been prepared by the reaction of HAB linker and nickel salt in wa-
ter. The difference between Ni-HAB-CP and conventional MOF ma-
terials is that 2D Ni-HAB-CP combines the advantages of porous
carbon and metal organic frameworks, and thus Ni-HAB-CP has the
potential as a sensor.

1001-8417/© 2022 Published by Elsevier B.V. on behalf of Chinese Chemical Society and Institute of Materia Medica, Chinese Academy of Medical Sciences.



W. Zhang, H. Ma, T. Li et al.

Chinese Chemical Letters 33 (2022) 3726-3732

Fig. 1. (a) The Ashby plot of d-band center and cohesion energy. The light purple area represents the selected area. The illustration shows the adsorption energy of the
selected material for C¢Hg. (b) The structure diagram of TM-HAB-CP. (c) The potential energy fluctuation in molecular dynamics simulation at different temperatures. (d) The

energy band diagram and the density of states diagram of Ni-HAB-CP.

Based on the above-mentioned excellent characteristics, as a
chemical sensor, Ni-HAB-CP has the following advantages: as a
MOF material and two-dimensional material, Ni-HAB-CP provides
large surface area and many active sites because of ultra-high
porosity, which can accelerate the surface reaction of host and
guest. Ni-HAB-CP has good reversibility for adsorption and desorp-
tion of guest molecules, which is highly renewable and recyclable.
The results show that the sensing selectivity and sensitivity can be
potentially improved by the adjustable pore size, shape and surface
environment, and can also be changed by the introduction of func-
tional groups in the framework. Ni-HAB-CP has high temperature
stability, which is required for many practical applications. Besides,
Ni-HAB-CP has been successfully prepared in the laboratory, so this
study has practical significance.

In this paper, the potential of Ni-HAB-CP as a sensor material
for CgHg is calculated by density functional theory (DFT). The ad-
sorption process and performance before and after adsorption of
CgHg and other nine small molecules on Ni-HAB-CP also be stud-
ied. The results show that Ni-HAB-CP is an excellent CgHg capture
material with selectivity, which has great potential as a CgHg sen-
sor material.

The computational methodology of this paper is organized as
follows. Based on the first principle DFT, the atomic structure and
adsorption structure of Ni-HAB-CP was optimized by using CASTEP
code [37,38]. Ultra-soft pseudopotential [39] and GGA-PBE [40] ex-
change correlation functions were adopted. In order to avoid in-
teraction between adjacent layers, a vacuum distance of 25 A was
used. The spin polarization was used to calculate electronic proper-
ties and adsorption energy of the structure. Van der Waals (vdW)
interaction was introduced to deal with the interaction between
gas molecules and Ni-HAB-CP, and DFT-D2 method [41,42] was
used for semi-empirical correction. The cut-off energy was set to
400 eV, and a 4 x 4 x 1 k-point grid of Brillouin zone was
adopted. The DFT + U was used on the transition metal and the
value for Ni was set to 6.0 eV [43]. In order to confirm the dy-
namic stability of Ni-HAB-CP monomer, classical molecular dynam-
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ics (MD) simulations were performed using NVT [44] statistical en-
semble (V and T are constants and N is the number of atom) and
COMPASS force field [45]. And during the simulation, we chose
the Andersen method [46] to control the temperature. In addition,
based on DFT and non-equilibrium Green function (NEGF) method,
Atomistix Toolkit (ATK) software package [47,48] was used to cal-
culate electronic transport properties.

The corresponding calculation results are obtained by the above
methods, and the analysis of results is as follows. For transition
metals or structures containing transition metals, the d-band plays
a key role in adsorption. The definition of d-band center is [49]:
C, — JIXE x PDOS(E)dE

d /T PDOS (E)dE
sorption performance of materials, so it is particularly important
to select structure of transition metal doped hexaaminobenzene-
based coordination polymer (TM-HAB-CP) with the appropriate d-
band center. The higher the d-band center, the closer to the Fermi
level, the stronger the structure adsorption. The selection of TM-
HAB-CP structure mainly follows the following principles: (1) Rel-
atively high d-band center [50]; (2) high structural stability. Com-
bined with our previous study [51], the Ashby plot between d-band
center and cohesive energy can be obtained as shown in Fig. 1a.
Through the above analysis, four materials in the light purple re-
gion be selected: Cr, Mn, Ni and Fe-HAB-CP. Fig. 1b shows the ge-
ometry structure of TM-HAB-CP (TM = Cr, Mn, Ni and Fe) after
complete relaxation. For two-dimensional MOF material such as
HAB-CP, small organic molecules are formed by substituting the
hydrogen atom on the benzene ring with an amino group. The
structures of TM-HAB-CP (TM = Cr, Mn, Ni and Fe) are formed by
connecting small organic molecules with transition metals Cr, Mn,
Ni and Fe, which are monoclinic systems. The lattice constants of
TM-HAB-CP are shown in Table S1 (Supporting information). Ap-
propriate d-band center and larger cohesive energy can ensure that
the material not only has good stability, but also has good adsorp-
tion properties. In order to test the application potential of the
four TM-HAB-CPs on CgHg sensor materials, the adsorption ener-
gies (E,qs) [25] of TM-HAB-CP for CgHg molecules at the same ad-

. The level of d-band center determines ad-



W. Zhang, H. Ma, T. Li et al.

Chinese Chemical Letters 33 (2022) 3726-3732

Fig. 2. The most stable adsorption configuration of Ni-HAB-CP for different gases.

sorption site were calculated by the following equation (Eq. 1):
(1)

where Egygrnv-nas-cp» Etm-HaB-cp and Egas represent the total ener-
gies of small molecules on TM-HAB-CP, primitive TM-HAB-CP and
small molecules respectively. The more negative adsorption energy
of an adsorption system indicates that the substrate has stronger
capture capability to small molecules, which means adsorption ef-
fect of the substrate is better. As shown in Fig. 1a and Table S1,
E.4s of CgHg on Ni-HAB-CP is the most negative, indicating that
Ni-HAB-CP has the strongest adsorption effect on CgHg among the
four materials. Hence, Ni-HAB-CP is chosen to analyze its applica-
tion potential in CgHg sensor material.

In order to verify the dynamic stability of Ni-HAB-CP, MD sim-
ulations are carried out at different temperatures (300 K, 400 K)
with uniform step size of 1 fs and duration of 1000 ps. In order
to minimize the confinement period, a 3 x 3 x 1 supercell with
351 atoms is constructed. Fig. 1c shows the potential energy fluc-
tuation of Ni-HAB-CP for 1000 ps at 300 K and 400 K. It is found
that the structure of Ni-HAB-CP is slightly deformed at 300 K and
400 K. There is no bond break, indicating that the structure of Ni-
HAB-CP remains stable at these temperatures. In addition, the en-
ergy fluctuation with time is very small, which also proves that
the structure of Ni-HAB-CP is stable at room temperature and even
higher temperature. And can meet the normal the conditions of
sensor use. Fig. 1d shows the band structure and density of states
(DOS) of Ni-HAB-CP, and Ni-HAB-CP exhibits metallic properties.
It can be predicted that this material has an excellent ability to
capture some small molecules. On the other hand, the metal prop-
erties show that the adsorption properties for small molecules of
Ni-HAB-CP can be controlled by charge.

In this study, the adsorption of ten different small molecules
(CO, CO,, CHy, NH3, HCHO, CgHg, 04, Hy, H,0 and N,) on Ni-HAB-

Esas = Egassm—taB—cp — Etm—na—cp — Egas
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Table 1
Adsorption energy, minimum distance between small molecule and metal atom,
charge transfer (Qr) and work function (@).

Molecules Eags (€V) Ad (A) Qr (e) @ (eV)
co —~1.241 2.022 -0.150 0.143
co, -1.032 2.700 -0.340 0.156
CHy4 -1.497 2.683 -0.170 0.140
NH3 —1.469 2.603 -0.030 0.145
HCHO —2.086 2.652 -0.130 0.138
CsHs -2.692 2.823 -0.110 0.142
0, —5.085 2.846 -0.040 0.148
H, -0.397 2.813 ~0.030 0.141
H,0 —0.547 3.001 -0.130 0.133
N, -1.025 2.600 -0.330 0.142

CP are calculated firstly. Then through the size of adsorption en-
ergy and electronic properties, the adsorption performance of Ni-
HAB-CP for these small molecules are discussed. In order to find
the most stable adsorption structure, several different placement
direction and adsorption sites are considered in the process of ad-
sorption. The adsorption energy of all sites is calculated by Eq. 1.
As shown in Fig. 2, the most stable adsorption configurations of
small molecules are determined according to the calculated ad-
sorption energy values. It can be seen that the adsorption con-
figurations of small molecules adsorbed on Ni-HAB-CP are rela-
tively flat except CH4 and NHs, which indicates that these systems
are relatively stable. The corresponding E,4s and the minimum dis-
tance between small molecules and metals (Ad) are calculated and
shown in Table 1. E,4s of CO, CO,, CH4, NH3, HCHO, CgHg, Oy,
H,, H,0 and N, on Ni-HAB-CP are —1.241, —1.032, —1.497, —1.469,
—2.086, —2.692, —5.085, —0.397, —0.547 and —1.025 eV, respec-
tively. It can be found that E,4; of CgHg is —2.692 eV. Such a
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Fig. 3. The partial density of states and charge density difference of the most stable configuration of Ni-HAB-CP adsorbing different gases. Red (blue) indicates accumulation

(diminishing) of electrons.

strong adsorption between Ni-HAB-CP and CgHg makes Ni-HAB-CP
expected to become an effective capture material for CgHg.

In order to analyze the electronic interaction between small gas
molecules and Ni-HAB-CP, DOS and charge density difference are
calculated as shown in Fig. 3. It can be seen that there is a super-
position state between DOS of gas molecules and Ni-HAB-CP below
Fermi energy (E;), which can also explain the adsorption process
of small molecules on Ni-HAB-CP. In addition, on the right side of
DOS of CgHg/Ni-HAB-CP, it is obvious that the changes of the two
peaks are consistent, indicating that there is a trend of chemical
adsorption in this adsorption system. In order to further investigate
the adsorption sensitivity of the ten small molecules on Ni-HAB-CP,
the calculated charge transfer is analyzed. The insert figure on the
right hand of Fig. 3 is two-dimensional section of the electron den-
sity of Ni-HAB-CP adsorbing small molecules, in which blue repre-
sents electron dissipation and red represents electron accumula-
tion. As shown in Fig. 3, electron dissipation exists in most of the
small molecules and the surface of Ni-HAB-CP. From this point of
view, the greater electron dissipation between small molecules and
Ni-HAB-CP, the stronger interaction between the two substances. It
approves that Ni-HAB-CP could adsorb small molecules to a certain
extent.

According to the above discussion and analysis, Ni-HAB-CP is
expected to be an effective capture material for CgHg. The gas sen-
sitivity of Ni-HAB-CP to CgHg is discussed in this part. However,
from the perspective of E,qs of single molecule, E,qs of Ni-HAB-
CP for O, (—5.085 eV) is greater than E,4 of Ni-HAB-CP for CgHg
(—2.692 eV). However, air is a mixed gas. Therefore, before dis-
cussing the gas sensitivity of Ni-HAB-CP to CgHg, the co-adsorption
of 0, and CgHg on Ni-HAB-CP should be discussed firstly. As
shown in Fig. S1 (Supporting information), it is a schematic dia-
gram of the energy barrier that two small molecules need to cross
when O, and CgHg are co-adsorbed on Ni-HAB-CP. It can be seen
clearly that in this situation: the energy barrier which needs to be
overcome for CgHg desorption is 0.168 eV, while for O,, the energy
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barrier is 0.117 eV Therefore, the adsorption of O, on Ni-HAB-CP
will not affect the study of gas sensitivity of Ni-HAB-CP to CgHg.
Extraordinary gas sensor materials not only have high adsorp-
tion capacity for target molecules, but also need excellent conduc-
tivity. Thus, it is necessary to calculate the electron transport prop-
erties and compare the changes of electronic properties before and
after adsorption of CgHg. In order to reasonably evaluate the quan-
tum transport, the quantum conduction (G) function of the adsorp-
tion system is determined by the following formula (Eq. 2) [52]:

M
G=Goy T (2)

where, Gy = 2e2/h (e is the electron quantity, h is the Planck con-
stant), T, is the transmission probability of the i th channel, and M
is the number of propagating modes passing through E;. Without
considering the scattering, T; is unit 1. According to the formula,
the more band passing through Fermi, the better conduction ef-
fect. Fig. S2 (Supporting information) shows the calculated results
of DOS of Ni-HAB-CP before and after adsorption of CgHg and G
according to Eq. 2. It can be seen that G value of Ni-HAB-CP be-
fore and after adsorption of CgHg is not zero, which indicates that
the conductivity of Ni-HAB-CP does not change greatly before and
after adsorbed CgHg molecule. The following diagram of DOS also
can confirm this result to a certain extent. Because the system is
still a conductor after adsorbed CgHg, it is still easy to introduce
electrons into the whole system after adsorption. Thus, the adsorp-
tion capacity of Ni-HAB-CP for CgHg can be controlled by injecting
charge.

In order to practice Ni-HAB-CP as a CgHg sensor with reusable
performance in actual application, the adsorption and desorption
process of CgHg on Ni-HAB-CP needs to be further explored. From
the above analysis of G and DOS before and after adsorption, the
adsorption capacity of Ni-HAB-CP for CgHg can be controlled by in-
jecting charge in the experiment. Therefore, the change of adsorp-
tion energy of Ni-HAB-CP for CgHg after different charge injection
should be discussed in our following study. As shown in Fig. 4a,
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Fig. 4. (a) Relationship between E,4s and Ad of CgHg adsorbed on Ni-HAB-CP and amount of injected charge. (b) The adsorption configuration diagram without charge

injected and with six negative charges injected.

E,q4s tends to be more and more negative with the increase of in-
jected positive charges, which indicates that the positive charge in-
jection could not desorb CgHg from Ni-HAB-CP surface; on the con-
trary, with the increasing the number of injected negative charges,
the absolute value of E,4s becomes smaller and smaller until |E,4|
< 1. This shows that the interaction force of CgHg on Ni-HAB-CP
surface becomes smaller and smaller due to the negative charge
injection. Some literatures have shown that when |E 4| < 1, it can
be considered that the adsorption between small molecules and
adsorbents is very weak and negligible [53]. Then, CgHg molecule
is manually moved to the position 3 A away from the Ni atom in
order to weaken the intermolecular interaction of the original sys-
tem after the injection of charge. As shown in Fig. 4a, the min-
imum distance (Ad) between the small molecule and the metal
atom increases significantly and is greater than 3 A after the injec-
tion of three negative charges. Some literatures have shown that
when Ad > 3 A, it can be considered that the adsorption between
small molecules and adsorbents is very weak and could be ig-
nored. Fig. 4b shows the adsorption configuration diagram without
charge injected and with six negative charges injected. The changes
of E,4s and Ad can be seen more clearly: E,4 is changed signifi-
cantly from —2.692 eV to —0.768 eV, and Ad is increased from
2.823 A to 3.053 A The interaction between Ni-HAB-CP and CgHg
decreases with the increase of injected negative charges. Consider-
ing E,4s and Ad of CgHg/Ni-HAB-CP adsorption system after charge
injection, we can conclude that the injection of more than five neg-
ative charges could desorb CgHg from Ni-HAB-CP surface. In other
words, Ni-HAB-CP could be reused as a CgHg sensor by applying a
certain amount of negative charge.

In order to quantitatively analyze whether Ni-HAB-CP can suc-
cessfully detect CsHg molecules in air as a sensing material, based
on NEGF method, the I-V curves of Ni-HAB-CP before and after ad-
sorption of CgHg at 300 K are simulated and analyzed. Due to the
aeolotropism of the system, the X and Y directions are studied re-
spectively. As shown in Fig. S3 (Supporting information), it’s the
schematic diagram and I-V curve of Ni-HAB-CP and CgHg/Ni-HAB-
CP system in X direction. It can be known that the change of [-V
curve obtained by applying voltage in the X direction is not ob-
vious, so the result of X direction will not be discussed in depth
here. The position of applying bias voltage in the Y direction to Ni-
HAB-CP and different adsorption systems (CgHg/Ni-HAB-CP adsorp-
tion system is taken as an example here) are shown respectively
(Figs. 5a and b). The calculated I-V curves are shown in Figs. 5¢ and
d. For CgHg, the current passing through CgHg/Ni-HAB-CP system is
significantly less than that passing through Ni-HAB-CP system un-
der the same voltage. When the voltage is between 0.5 V and 1.5V,
there is a change that can be observed clearly. When the voltage is
0.51 V, the current through Ni-HAB-CP is about 22.9 pA. After ad-
sorption of CgHg, the current is about 4.1 pA under the same bias
voltage, which decreases 82.1%, indicating the resistance increases
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after adsorption. When the applied voltage is 1.5 V, the differences
between different systems can be observed more clearly. In addi-
tion to the ATK, the optical changes before and after adsorption of
CgHg also were calculated. The results showed that there was no
obvious change in the absorption peaks in the infrared and visi-
ble regions before and after adsorption. As shown in Fig. S4 (Sup-
porting information), compared with the structure before adsorp-
tion, the system after adsorption of CgHg shows more obvious light
absorption in the ultraviolet range. The change of optical absorp-
tion peak indicates that Ni-HAB-CP is sensitive to CgHg. Therefore,
in practical application, because of the change of resistance before
and after Ni-HAB-CP adsorbs CgHg molecules (CgHg/Ni-HAB-CP >
Ni-HAB-CP), the existence of CgHg can be detected directly. Com-
pared with other adsorption systems and CgHg/Ni-HAB-CP system,
the current of them is not equal at the same voltage, which indi-
cates that Ni-HAB-CP is sensitive and selective for CgHg. The mech-
anism of chemical resistance sensor is mainly attributed to the ad-
sorption of gas molecules on sensing materials, which causes the
transfer of electrons and holes. Or the reaction of gas molecules
on the surface of the functional material, which causes the change
in resistance (or conductance) of the sensing materials [30]. From
the charge transfer in Table 1, it can be seen that there is a clear
transfer of 0.11 e from Ni-HAB-CP monomer to CgHg molecule. It
can also be seen from Fig. 5 that after adsorption of CgHg, the re-
sistance of Ni-HAB-CP also changes significantly. Therefore, we be-
lieve that Ni-HAB-CP has large potential as a chemical resistance
CgHg sensor.

Through the previous research, it can be concluded that un-
der certain external force (injecting a certain amount of nega-
tive charge into the system), Ni-HAB-CP has good reversibility for
the adsorption and desorption of CgHg molecule, which makes it
have certain renewability and recyclability as potential material of
CgHg sensor. However, without injecting charge into CgHg/Ni-HAB-
CP system to make CgHg desorb from Ni-HAB-CP surface, how is
the capacity of Ni-HAB-CP captures CgHg? It is worth discussing.
Therefore, in order to evaluate the ability of Ni-HAB-CP captures
CgHg, the number of CgHg that Ni-HAB-CP can capture is discussed
in this part. E,4s of the adsorption system for multiple (> 2) CgHg
molecules is determined by the following equation (Eq. 3):

3)

where n (n > 2) represents the adsorption system adsorbs to the n-
th CgHg molecule, and other expressions are consistent with Eq. 1.
Here, all the possible adsorption sites of multi-CgHg adsorbed on
Ni-HAB-CP are considered. The most stable adsorption configura-
tion by whether the adsorption system is deformed and E,4s are
also determined. As shown in Fig. S5 (Supporting information), the
relationship between adsorption energy and charge transfer of Ni-
HAB-CP adsorbs CgHg with adsorption quantity and the most sta-
ble adsorption configuration are illustrated. It can be seen that

Eags = NEgagni—nap-cp — (M — 1)Egas/Ni—naB-cP — Egas
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Fig. 5. The schematic diagram (a, b) and I-V curve (c, d) of Ni-HAB-CP before and after adsorption of small molecules in Y direction.

the amount of charge transfer (negative sign represents the direc-
tion of charge transfer, not the size) increases with the increase
of the amount of CgHg adsorbed by Ni-HAB-CP. In general, |E,ql
decreases with the increase of the amount of CgHg adsorbed on
Ni-HAB-CP. Considering that too much small molecules adsorbed
on the same layer will lead to large interaction force, therefore,
there are two kinds of adsorption ideas when adsorbing the fifth
CgHg molecule: The first is the molecule still adsorbed on the same
layer, and the other is the molecule adsorbed on the second layer
of Ni-HAB-CP. As shown in Fig. S5, |E 4| of the second layer ad-
sorption on the Ni-HAB-CP surface increases rather than decreases,
which indicates that this kind of adsorption configuration makes
the molecules in the system have greater interaction force. There-
fore, it doesnot be considered. While compared with the system of
adsorbing four CgHg molecules, the decline of |E,4s| of adsorbing
the fifth C4Hg molecule on the same layer is not obvious (the ad-
sorption of the sixth small molecule is the same as above, which
is not repeated here). Thus, Ni-HAB-CP can completely adsorb four
CgHg molecules with stable configuration. Therefore, in addition
to injecting a certain amount of negative charge into the sys-
tem, Ni-HAB-CP is also a candidate for high capacity CgHg capture
material.

In this paper, taking search of suitable materials and adsorption
properties as the starting and main line, the structural stability and
electrical properties of different small molecules (CO, CO,, CHy,
NH3, HCHO, CgHg, O,, Hy, H,O and N,) adsorbed on Ni-HAB-CP
are investigated by using first principles calculation. E,4s of CgHg
on Ni-HAB-CP is —2.692 eV, which indicates that Ni-HAB-CP has
a strong adsorption capability for CgHg and is expected to be an
effective CgHg capture material. When 5 (or > 5) negative charges
are injected into CgHg/Ni-HAB-CP adsorption system, |E,q4s| of the
system is less than 1. The results reveal that CgHg can be desorbed
from Ni-HAB-CP surface by a certain amount of negative charge in-
jection. From the I-V curve, when the voltage is ~0.51 V, the cur-
rent through the CgHg/Ni-HAB-CP system is 82.1%, which is lower
than the current through the Ni-HAB-CP system under the same
bias voltage, indicating that the resistance of the system increases
after adsorption. The results reveal that Ni-HAB-CP has high sen-
sitivity and selectivity to CgHg, and the detection of CgHg can be
transmitted by electrical signal. Therefore, Ni-HAB-CP can be used
as a potential recyclable CgHg sensor material. In additian, Ni-HAB-
CP can completely adsorb four CgHg molecules with stable con-
figuration, the calculated result indicates that Ni-HAB-CP is also a
candidate for high capacity CgHg capture material without any ad-
ditional method.
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