<]
TUDelft

Delft University of Technology

DFT and experimental study of elemental mercury (Hgo) removal by 2D-g-C3N 4

Liu, Guoshuai; Yan, Qun; Zhou, Yanan; Zhang, Xuedong; Spanjers, Henri

DOI
10.1016/j.ceja.2021.100095

Publication date
2021

Document Version
Final published version

Published in
Chemical Engineering Journal Advances

Citation (APA)

Liu, G., Yan,Q., Zhou, Y., Zhang, X., & Spanjers, H. (2021). DFT and experimental study of elemental
mercury (Hg ) removal by 2D-g-C N . Chemical Engineering Journal Advances, 6, Article 100095.
https://doi.org/10.1016/j.ceja.2021% 3160095

Important note
To cite this publication, please use the final published version (if applicable).
Please check the document version above.

Copyright
Other than for strictly personal use, it is not permitted to download, forward or distribute the text or part of it, without the consent
of the author(s) and/or copyright holder(s), unless the work is under an open content license such as Creative Commons.

Takedown policy
Please contact us and provide details if you believe this document breaches copyrights.
We will remove access to the work immediately and investigate your claim.


https://doi.org/10.1016/j.ceja.2021.100095
https://doi.org/10.1016/j.ceja.2021.100095

Chemical Engineering Journal Advances 6 (2021) 100095

Contents lists available at ScienceDirect

Chemical Engineering Journal Advances

journal homepage: www.elsevier.com/locate/ceja

DFT and experimental study of elemental mercury (Hg®) removal by R
2D-g-C;N, et

Guoshuai Liu®‘, Qun Yan®*, Yanan Zhou"*, Xuedong Zhang®, Henri Spanjers®

2 School of Environmental and Civil Engineering, Jiangnan University, Wuxi 214122, China
School of Chemical Engineering, Sichuan University, Chengdu, Sichuan 610065, China
¢ Sanitary Engineering, Water Management, Delft University of Technology, Stevinweg 1, 2628 CN Delft, the Netherlands

ARTICLE INFO ABSTRACT

Keywords: 2D-g-C;N, nanosheet was prepared and employed for the adsorption of elemental mercury (Hg®). The g-C3N, was
C3N, analyzed through X-ray diffraction (XRD), scanning electron microscope (SEM) and Fourier transform infrared
Elemental mercury spectroscopy (FT-IR) methods, and the results showed that the prepared sample was well-defined 2D-nanosheet.
g?;orptlon The 2D-g-C;N, sorbent exhibited a high Hg® removal efficiency (> 90%) at the condition of temperature 120 °C.
To investigate the mechanism of Hg® adsorption on the 2D-g-C;N, surface, corresponding theoretical exploration
based on the first principle prediction and X-ray photoelectron spectroscopy (XPS) test was implemented. The DFT
calculation results showed that Hg® was strongly bound to the B; site of the g-C3N, surface with an adsorption
energy change of -162.2 kJ mol~!, the equilibrium distance of Hg-C was 3.473 A, and electron transfer between
Hg and C atoms was 0.02. The results of XPS showed the main species of mercury was HgO on the surface of
2D-g-C;N, sample and the interaction between C3N, surface and Hg® was physisorption. This study provides a
demonstration of proof-of-concept demonstration that g-C;N, is a promising sorbent capable of capturing Hg®,

and presents in-depth understanding of Hg® adsorption mechanism on 2D-g-C;N, sorbent.

1. Introduction

As a highly toxic heavy metal, elemental mercury (Hg®) pollution is
a very serious issue concerning both environments and social security,
and the research on mercury pollution control has been widely con-
cerned and focused [1], [2]. In order to effectively eliminate the Hg®
pollution, the Minamata Convention on Mercury has developed an in-
ternational convention to limit mercury emissions [3], [4]. As the largest
coal-consuming country in the world, it is estimated that China emitted
about 25-40% of global mercury annually [3]. In this regards, China’s
government also developed the latest Emission Standard of Air Pollu-
tants for Thermal Power Plants (GB13223-2011), which aims to reduce
the mercury emissions from power plants.

The removal of Hg® has been intensively studied because Hg®
presents high thermodynamic stability, strong volatility, and high toxic-
ity, and is also slightly soluble in water and prone to be bio-accumulated
[51, [6]. As being widely known, the main anthropogenic source of mer-
cury pollution is the combustion of fossil fuels [7]. In this context, the de-
velopment of effective approaches in mercury removal is of great prac-
tical and scientific significance. Amongst the various chemical or phys-
ical methods of Hg® removal, adsorption technology is regarded as one
of the most promising removal methods because of its high efficiency,
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simplicity and operability [8,9]-[10]. A large number of researchers fo-
cus on developing new materials or new adsorbents for the adsorption
of mercury. For example, activated carbon (AC) [11], Fe,O5 [12], fly
ash [9], MnOy [13], TiO, and Co30, [14],[15]. Although a large of
quantities of studies on mercury adsorption have been carried out, the
mechanism of surface adsorption of mercury and adsorbents has been
often overlooked.

Amongst the various adsorbents, emerging two-dimensional (2D)
materials have demonstrated their privileges toward target adsorption
due to their surface characteristics such as high surface energy, large
surface area and multiple active sites [16], [17]. Thus, the development
of 2D adsorbents is highly appreciated and intriguing for effective and
efficient adsorption [18,19]-[20]. As an emerging 2D metal-free mate-
rial, graphitic carbon nitride (g-C3N,4) has drawn substantial attention
because of its relative high availability, and particularly its structural
stability and unique surface properties [21,22]-[23]. The framework
topology of g-C3N, is defect-rich and N-bridged “poly (triazine)”, and it
presents good physical and chemical stability, even under extreme acidic
conditions or/and high temperature [24], [25]. More importantly, g-
C3N, is an environmentally friendly material, which presents no po-
tential threat of direct and secondary pollution to organisms and the
environment [26-28]-[29]. Besides, the in-built functional groups of
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g-C3N, are well-characterized ligands -NH,/-NH-/=N-, and it is proven
that these surface sites can function as the basic active sites to selectively
adsorb metal atoms and organic compounds through complexation sur-
face interaction [30]. Regarding to the Hg® removal by g-C3N, material,
Liu et al. carried out a study on g-C3N, based sorbents for Hg® removal,
and their results showed the g-C;N, modified by MnO, presented bet-
ter performance in Hg® adsorption than pristine g-C;N, material [24],
and the NO/Hg"® catalytic oxidation mechanism by Pd/g-C3N, catalyst
was investigated [26]. Zhang et al. also observed that Co30,/8-C3N,
hybrids presented the Hg® removal efficiency of ~100% under the tem-
perature at or above 120 °C [25], and the BiOIO5/g-C3N,4 heterogeneous
catalysis was also implemented in Hg0 removal [27]. However, limited
theoretical studies have been carried out on the adsorption of Hg® on
g-C3N, surface [31]. Hence, theoretical study on the interaction of Hg?
with g-C3N, surface in atomic-scale is impending to have an in-depth
understanding of the Hg® adsorption mechanism.

In the current manuscript, we employed density functional theory
(DFT) and also combined the DFT calculations with experimental study
of elemental mercury (Hg®) removal by 2D-g-C5N,, to further unveil the
Hg adsorption mechanism. First, the crystalline structure and morphol-
ogy of as-prepared g-C3N4 nanosheet adsorbent were analyzed using X-
ray diffraction (XRD) and electron microscope. Second, the 2D-g-C3Ny
was employed to remove Hg® from a simulated flue gas. Third, the DFT
calculation and analyses using X-ray photoelectron spectroscopy (XPS)
were carried out to understand the intrinsic Hg® adsorption and trans-
formation mechanism on the 2D-g-C3N, surface. Therefore, besides an
in-depth understanding of the adsorption characteristic of Hg® towards
2D-g-C3N, nanosheet, the present study also serves as an experimen-
tal and theoretical reference for future application of 2D-g-C3N,-based
adsorbents.

2. Materials and methods
2.1. Chemicals

The reagents with analytical grade that were purchased from
Sinopharm chemical reagent Beijing were used in this work. The
reagents were urea, (CO(NH,),, CAS 57-13-6), and nitric acid (HNOg,
7697-37-2).

2.2. Preparation of 2D-g-C3N, nanosheet

The g-C3N, was prepared by pyrolysis of urea. In a typical synthesis
procedure, first, 50 g urea sample was put into a covered alumina cru-
cible, and then transferred to a program-controlled muffle furnace with
a heating rate of 5 °C min~! for calcination time of 2 h at a target tem-
perature of 500 °C. Afterwards, leaving the furnace to cool down to the
ambient condition, then the collected samples were cleaned repeatedly
in nitric acid solution and deionized water (DI-water). Finally, the final
sample was preserved in a vacuum drying chamber at 60 °C for further
characterization and tests.

2.3. Characterization of 2D-g-C3N, nanosheet

The powder X-ray diffraction (XRD) of the synthesis 2D-g-C3N, sam-
ples was measured using an X-ray diffractometer (Bruke D8 Adv., Ger-
many, CuKa 4=0.15418 nm). The surface morphology of the material
was investigated by an FESEM-4800 field emission scanning electron
microscope (SEM, Hitachi, Japan). The structure of surface functional
groups was detected by an infrared spectrometer (IR Prestige-21, Shi-
madzu. Japan).

2.4. Elemental mercury (Hg®) removal measurements

A lab-scale fixed-bed adsorption setup was assembled to explore the
uptake capacity of Hg® by the sorbents according to the previous studies
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[111,[13],[15]. The test of Hg® removal was implemented in a fixed-bed
reactor under the condition of the gas flow rate of 500 mL min~! and
the temperature range of 80 to 240 °C. In a typical procedure, fifty mil-
ligrams of g-C3N, sorbent was used in the fixed-bed quartz reactor under
the following reaction conditions: 50 mg g-C3N, sorbent, heating rate
of the fixed bed of 10 °C/min, 4% O,, 500 ug/m? of Hg?, all balanced in
N, with a total gas flow rate of 500 mL/min. The real-time Hg® removal
efficiency in this current study is defined as », which can be calculated
by the followed Eq. (1):

1= (1= Cou/Cin) X 100% 1)

where C;, and C,, represents the actual time Hg® concentration in the
inlet and outlet tube of the setup, respectively.

2.5. Models and computational methods

All the calculations in this work were conducted with the DMol®
package. Taking account of computation time and computation cost, and
combining the investigations about HgO removal, generalized gradient
approximation (GGA) Perdew-Burke-Ernzerhof (PBE) method presents
more accurate geometry approximations than GGA-PW91, GGA-BLYP
and LDA-PWG, and provides the best overall results [1],[32]. Therefore,
GGA-PBE method was employed in the current work. Because the ver-
sion 4.4 of the basis set of double numerical basis with polarization func-
tions (DNP) is the newly optimized set and delivers slightly improved
heat formation [33], thus the double numerical basis with polarization
functions (DNP, 4.4) was employed in this work [32-34]-[35]. The con-
vergence criteria were set as the force on the atoms less than 0.01 eV
A-1, the stress on the atoms less than 0.02 GPa, the atomic displace-
ment less than 5 x 104 A, and the energy change per atom less than
5 x 107% eV. For Hg atom, the density functional semi-core pseudopo-
tentials (DSPP) were employed and the self-consistent field convergence
criterion was set as an energy change of 10~ Ha. Brillouin Zone inte-
grations were performed using a 6 X 6 x 1 Monkhorst-Pack grid. The
adsorption energy was calculated according to the following equation:

Ey = EHg+surface - EHg — Equrface @)

where E,q is the adsorption energy, Eyg qyrface IS the energy of the total
adsorption system, Eyg is the energy of the Hg atom, Eg . is the en-
ergy of exposed C3N, surface, and the adsorption energy is calculated
in kJ/mol. With this definition, a higher negative value of E 4 corre-
sponds to a stronger adsorption, and the corresponding adsorption sites
were illustrated in Fig. S1.

3. Results and discussion
3.1. 2D-g-C3N, characterization

XRD analysis was performed to understand the crystal properties of
the prepared 2D-g-C3N, sample, and the corresponding XRD pattern was
depicted in Fig. 1. As illustrated in Fig. 1, the obtained XRD spectrum
clearly shows two obvious diffraction peaks at 26 = 27.4° and 26 = 13.1°,
respectively. For the peak at 27.4°, this is the typical interlayer stack-
ing peak of aromatic which well indexes to the (002) plane with a dis-
tance d = 0.32 nm (d-spacing determined by HRTEM picture in Fig. S2).
For the relative weak peak at 20 = 13.1°, which is well indexed to the
(100) crystal face of g-C3Ny, this is the typical in-plane structural pack-
ing of tri-s-triazine units with an interface distance of d = 0.68 nm, and
the result is in line with the previous reports [36],[37]. The observed
two characteristic diffraction peaks indicate that the prepared sample
was well crystallized g-C3N, and is in line with the previous reports
[38],[39]. No obvious unknown diffraction peak was observed, which
indicates the g-C3N, was without any impurity. For pilot-scale prepara-
tion of g-C3N,, urea is highly appreciated by the properties such as low
cost and high availability. Simultaneously, during heat-treated process,
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self-generating gas bubble would lead to porous structure of g-C3N,. As
illustrated in Fig. 1B, the collected g-C3N, exhibited the morphology of
a typical flat sheet with irregular wrinkles, indicating a typical 2D-g-
C3N, sheet surface feature [36]. In order to intensively characterize the
surface groups of 2D-g-C3Ny, the FT-IR spectrum of the sample was in-
vestigated and the spectrum is shown in Fig. 1C. As depicted in Fig. 1C,
three adsorption bands were observed located at 1409, 1573 and 1640
cm~!, which attributed to the characteristic heptazine-rings vibrations
[40]. For the adsorption peak at 1240 and 1320 cm~!, which are the
typical amine secondary (2C—N) and tertiary (3C—N) functional group
vibrations, respectively [41]. A broad band located at 3140 cm™! is at-
tributed to the —NH,— and —NH- functional group vibration modes,
implying that the monolayer edge or the surface terminated hydrogen
atoms were with the existing form of C—-NH, and 2C—NH in the surface
layer structure of 2D-g-C3N, [42]. Besides, the typical bending vibration
of heptazine rings for g-C3N, was also identified with a wavenumber of
806 cm~! [41],[43]. Based on the aforementioned results and discus-
sion, it can be concluded that the as-prepared sample was well-defined
2D-g-C3N, sheet. The performance of adsorption removal of Hg® follows.

3.2. The adsorption performance of 2D-g-C3N,

The Hg® removal performance of prepared 2D-g-C5N, materials was
investigated on a laboratory fix-bed reactor [11],[13],[15]. The cor-
responding Hg® removal curve was depicted in Fig. 2A. As shown in
Fig. 2A, the adsorption performance of 2D-g-C3N, with the variations
in temperature in the range of 80 to 240 °C was investigated, and the
corresponding experimental results are shown in Fig. 2B. The 2D-g-C3N,
nanosheet exhibited the highest removal efficiency when the tempera-
ture was 120 °C, and the Hg® removal efficiency of 2D-g-C3N, was de-
creased when the adsorption temperature was higher than 120 °C. The
results might be caused by the sorption mechanism of Hg® on 2D-g-C3N,
surface, which is physisorption with an exothermic reaction [24],[25],
and imply that to reach a high Hg® adsorption efficiency operational
temperatures higher than 120 °C are not a necessity and also not fa-
vored. Furthermore, under the condition of a temperature of 120 °C
(4% 0,), as displayed in Fig. 2B, the Hg® removal performance reached
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Fig. 1. The XRD pattern (A), SEM (B) and FT-IR (C)
curve of as-prepared g-C;N, sample.
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Fig. 2. (A) The Hg® removal efficiency of g-C3N, at different temperatures. (B)
The performance of g-C3N, nanosheet at 120 °C. The error bars + SD indicate
the measurement in triplicate.
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the highest 93% removal efficiency with 90 min, which indicates the
as-prepared 2D-g-C3N, was able to efficiently adsorb Hg.

3.3. DFT research on the Hg® adsorption on the g-C5N, surface

The original periodic 2D-g-C3N, surface structure was built and fol-
lowed a geometry optimization in the points of view of energy and struc-
ture stability. To better illustrate the most stable adsorption position,
nine possible stable adsorption positions were taken into consideration
(Fig. S1) [44], and the corresponding optimized adsorption configura-
tions and results are pictured in Fig. 3. As shown in Fig. 3, the possible
sites for Hg adsorption on g-C3N, surface has been taken into consider-
ation denoted as H¢ (the Hg atom adsorbs on hollow site) and B (bridge
site with Hg atom that adsorbs on the g-C3N, surface). The adsorption
energy and the spatial structure parameters for Hg?-g-C3N, surface are
summarized in Table 1. As listed in Table 1, adsorption energy was from
—114.8 to —162.2 kJ mol! in all the configurations of adsorption, and
the equilibrium distance ranged from 2.748 A to 3.498 A. In the more
stable site (B;), the adsorption energy was —162.2 kJ mol~!. From the
adsorption heat viewpoint, the adsorption energy of 162.2 kJ mol™! be-
longs to the chemisorption according to the fact that the heat of ad-
sorption is in the range of 40-400 kJ mol™! [32]. Whereas, as shown in
Fig. S3, the g-C3N, sheet distorted into corrugated structure after the
adsorption of Hg, compared with the initial configuration, which is in
line with the previous results [45],[46]. Moreover, the change of the
structure may have influence on the corresponding adsorption. Besides

Chemical Engineering Journal Advances 6 (2021) 100095

Fig. 3. The optimized structure of Hg® adsorption on g-C;N, surface.
(A) Hg; site; (B) H, site (C) H site; (D) He, site; (E) H; site; (F) H,
site (G) Hj site; (H) B, site; (I) B, site.

Table 1
Adsorption energies (E,4;) and optimized structural parameters for Hg®
adsorption on the different site of g-C3N, model surface.

Site Ey (kJmol)) d(A)  R(HgC)(A) R(HgN)(A) Q; (o)

He, -1148 2748 4043 3.676 0.02
H, -1544 2.840 3.738 3.506 0.01
He  -1534 2.880 3.679 3.596 0.01
Ho, 1544 2.835  3.745 3.508 0.01
H, -142.8 3468  3.601 3.709 0.02
H, -161.1 3498  3.542 3.689 0.02
H,  -161.1 3484  3.554 3.691 0.02
B, -162.2 3423 3473 3.616 0.02
B, -1437 3495  3.529 3.594 0.01

d is the height of the adsorbed Hg® measured from the surface; R(Hg-C)
is the distance between the adsorbed Hg® and the nearest C atom; R(Hg-
N) is distance between the adsorbed Hg® and the nearest N atom; Qg
denotes the total Mulliken charge on adsorbed Hg°.

the adsorption energy, the distance of Hg atom to the neighbor C and
N atoms was 3.473 A and 3.616 A, respectively. The C-Hg distance is
much smaller than that of the bond length of Hg—Fe and Hg—Cl, which
is respective 2.6 and 2.5 A [47], and B-Hg of 2.09 A [48]. The positive
values (Qr) of adsorbed Hg atom demonstrate that the adsorption was
dominated by “donation” rather (electron transfer from Hg atom to g-
C3N,) than “back donation” effects (charge transfer from g-C3N, to Hg)
[471,[49]. More importantly, Mulliken’s charge analysis shows that the
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Fig. 4. XPS spectra of g-C3N, before and after the adsorption. (A) C1s, (B) N 1s, (C) O 1s, and (D) Hg 4f.

electron transfer between Hg and C atoms near B; site of g-C3N, was just
0.02 electron when the structure reached the stable state, which is much
smaller than 0.120 reported by Ji et al. [32], 0.20 by Liu et al. [47], and
0.470 by Gao et al. [50]. According to the aforementioned analyses, we
can conclude that the physisorption interaction exists between Hg atom
and g-C3N, without evident electron transfer.

3.4. Hg0 adsorption and transformation mechanism

In order to examine whether Hg® is oxidized and what the species
of adsorbed mercury on g-C3N, surface is, the XPS tests were carried
out and an insight on the XPS results is shown in Fig. 4. The C 1 s fit-
ted into two principal peaks at the binding energies of ~287.0 eV and
~283.4 eV for the fresh and spent g-C3N,, respectively, indicating two
different chemical environments of carbon existing in these two speci-
mens [24]. The bands at ~287.0 eV relate to the reflection of C— N — C
coordination, while the bands at ~283.5 and ~283.4 eV are ascribed to
the sp? C atoms bonded to N in an aromatic ring [51]. For N 1 s peak,
the bands at ~401.3 and ~401.4 eV are in accord with the amino func-
tions. The bands at ~399.6 and ~399.8 eV correspond to the graphitic
nitrogen [52]. The binding energies of C 1 s and N 1 s spectra of the

spent g-C3N, show no evident values change compared with the fresh
C3Ny, indicating that the electron transfer effect between g-C3N, and
Hg® can be overlooked, i.e., the interaction between C3N, and Hg is
physisorption. For O 1 s it can be deconvoluted into one dominating
peak at binding energies of ~531.5 — 531.8 eV and ~532.4 — 533.3 eV
for the fresh and spent C3N,, respectively. The phenomenon indicates
two different chemical environments of oxygen existing in these two
specimens as well. The bands at ~533.2 and ~533.3 eV correspond
to oxygen (Oy) in adsorbed carbonates or water and hydroxyl groups,
while the bands at ~531.5 and ~531.8 eV relate to the lattice oxygen
(O,) [53]. The ratio of 0,/04 was increased after the Hg adsorption
process, indicating that the lattice oxygen (O,) was increased during
the Hg® removal process and involved in the mercury oxidation pro-
cess derived from HgO [24], with a percentage of the chemisorbed oxy-
gen increased from ~1.6 to ~5.3% for the g-C3N, before and after the
reaction, correspondingly, which infers a typical Mars-Maessen mecha-
nism that the gaseous O, from the feed gas may replenish the depleted
chemisorbed oxygen during the Hg® oxidation processes [24],[25],[54].
Besides, the characteristic peaks at 100.5 and 104.4 eV respectively cor-
responding to Hg 4f 7/2 and Hg 4f 5/2 that were assigned to HgO were
found [24],[54]. The result indicated that the main species of mercury
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was HgO on the surface of 2D-g-C3N, sample, and the electron transfer
between g-C3N, sorbent and Hg® was not evident, which well agrees
with the results of DFT calculation. Thus, Hg® removal processes using
2D-g-C3N, could be summarized into two stages: first the Hg%(g) and
0, adhere on the 2D-g-C3N, surface to form adhered mercury (Hg®,4,)
and chemisorbed oxygen (O,4,), and then the Hg?, 4 is oxidized into
HgO by chemisorbed oxygen (O,4). In addition, because HgO is stable
only at temperature ~300 °C [55], the adsorbed HgO would decompose
into elemental mercury again under the treatment of high temperature.
Therefore, the used 2D-g-C3N, can be relatively easily regenerated un-
der thermal treatment.

3.5. Electronic structure

In general, density of states (DOS) indicates the number of states
per energy interval at each level that can be occupied by electrons. To
get an in-depth understanding of the Hg® adsorption mechanism on g-
C3N, surface, the partial density of states (PDOS) of Hg?-2D-g-C3N,, was
examined. The PDOS of the Hg atom adsorbed on the g-C3N, surface are
depicted in Fig. 5. As a comparison, the PDOS curve of isolated Hg atom

and pure g-C3N, surface are also calculated. The Hg atom near B, site
of g-C3N, is shown by well-defined s- and d-orbitals near —0.03 and
0.60 Ha respectively, and an unfilled p-orbital near 0.25 Ha. After the
adsorption process, all states of Hg atom shifted downward with the s-
and p-orbital and decreased in energy for the Hg adsorbed configuration.
In order to explore the binding mechanism of Hg atom on the g-C3N,
surfaces (B; site), the electrostatic potential was studied and shown in
Fig. S4. The Hg atom was adsorbed on the B, site (i.e. the neighbor site of
the yellow area, where was enriched with the electron), and the electron
density change was relatively small before and after-adsorption process.
This phenomenon was proved by the obtained value of Mulliken charge
(Qq), i.e., the electron transfer was not prominent with a physisorption
mechanism.

As we know, C3Ny is a typical supramolecular semiconductor, which
has an outstanding fluorescence effect associated with HOMO and
LUMO [55-57]-[58]. In order to further clarify the electronic configura-
tion of Hg®-g-C5N,, the orbital calculation was implemented, as shown
in Fig. 6. HOMO is mainly composed of the 2p orbital of low coordi-
nation N atoms in the surface, while LUMO is mainly composed of the
2p orbital of C atoms. The HOMO and LUMO position of g-C3N, are
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Fig. 6. HOMO (A) and LUMO (B) of g-C5N,; HOMO (C) and LUMO (D) of Hg®-
8-C3N,; The optimized geometry (E) and adsorbate configuration of g-C5N, (F).

—5.14 eV and —3.86 eV (Vs. vacuum energy level), respectively, and the
gap value is 1.34 eV. Whereas for the Hg-g-C3N, system, the HOMO
position is —6.19 eV, the LUMO position is —4.32 eV, and the gap is
1.87 eV. g-C3N, is a typical supramolecular semiconductor which shows
good photophysical properties with strong fluorescence and large Stokes
shifts, and it can be used as optical chemical sensors [20],[42]. The Hg0
adsorption has an obvious effect on the orbital structure of C3N,, and
hence the optical property will change, and thus might be used as fluo-
rescent chemical sensor for the Hg® detection.

4. Conclusion

A 2D-g-C3N,4 nanosheet was prepared and employed as an adsorbent
to adsorb element Hg®, and exhibited a high Hg® removal efficiency (>
90%) at the condition of temperature 120 °C. The adsorption mecha-
nism of Hg® on g-C3N, surface was investigated thoroughly by XPS and
density functional theory with the periodic cleavage 2D-g-C3N, surface
model. The experimental results and the followed calculations using
density functional theory indicated the interaction between adsorbed
elemental Hg® and 2D-g-C5N, surface is physisorption interaction with-
out prominent electron transfer, and the optimal adsorption site toward
2D-g-C3N, is the bridge C-N site.
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