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Abstract: By employment of a semi-rigid carboxylic acid ligand 5,5'-((5-carboxy-1,3-phenylene)bis(azanediyl))diiso-
phthalic acid (HsL) with the -NH- joints, a new porous metal-organic framework (MOF) based on Zn(II) ions as nodes
has been generated in success, and its chemical formula is {[Zn;(p;-OH)(L)(H,0);]-3DEF-H,0}, (1). Owing to its Lewis
basic -NH- joints and the m-electron-rich benzene rings on the skeleton, the activated complex 1 offers a favourable pore
environment for binding C,H, in preference to CO, and CH,. The inhibitory activity of compound on the liver cancer
viability was determined through exploiting the Cell Counting Kit-8 kit. Afterwards, the invasion and migration ability
for the liver cancer cells was measured after indicated treatment. Multiple binding interactions are identified by per-
forming the molecular docking simulation, indicating the stabilization effect of the Zn complex towards the target protein,
and therefore, the proposed drug molecule exhibits good anticancer activities.

Keywords: metal-organic framework, porous framework, gas separation, liver cancer, molecular docking.

Introduction

Primary carcinoma of liver (hereinafter referred to as liver
cancer) is one of the common malignant tumors in our coun-
try." According to statistics recently, the annual mortality rate
of liver cancer in China was 20.37 per 100000, ranking second
in the ranking of malignant tumor deaths, second only to lung
cancer in cities, and second only to gastric cancer in rural
areas.” The maturity of surgical techniques and the develop-
ment of non-surgical treatment methods such as various local
treatments have significantly improved the prognosis of liver
cancer compared with the past’ However, new candidates for
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the liver cancer therapy were still need to be explored. LL-37
is the only Cathelicidin antimicrobial peptide found in the
human body. It has a cancer-promoting effect in ovarian can-
cer, malignant melanoma, skin squamous cell carcinoma, pros-
tate cancer and other tumors, but as a tumor suppressor in liver
cancer, leukemia and other tumors. In this, research, the pro-
motion effect of the new compound synthesized in this
research on the anti-cancer activity of LL-37 was evaluated.

As a kind of reactive and flammable highly gas, the
acetylene (C,H,) is extensively utilized in cutting, welding, and
lighting the metals (acetylene-oxygen flame).* In these appli-
cations, high purity the C,H, with high-purity is usually
required; however, the impurities, for instance, methane (CH,)
and carbon dioxide (CO,) always present in the production of
acetylene.’ The critical temperature, sublimation point along
with molecular size of CH,, CO, and C,H, are similar, which
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makes their separation challenging. As a result, the appearance
of microporous materials containing the performances of
selective adsorption (such as metal organic frameworks,
MOFs) is a feasible choice in this field. MOFs as a novel type
of porous materials, they are constructed from organic ligands
and metal ions and reveal great potential in the catalysis,
chemical separation, gas storage, molecular recognition, bio-
medicine, ion exchange, sensing and other fields.*'" With the
assembly of given organic ligands and well-defined secondary
building units, a variety of MOF architectures with low skeleton
density, large specific surface area along with regular pore has
been designed. In the past several years, the researchers are
committed to fine-tuning the surrounding environments and
pore architecture to investigate the practical application of
MOFs."*" On the other hand, Zinc is an important biometal
essential for life, which is second only to iron in terms of its
concentration in the biological systems and is present in more
than 300 enzymes of living organisms. Recent studies provided
compelling evidence that Zn(Il) derivatives have proved to be
potential anticancer agents with low in vivo toxicity, low side
effects and perhaps new modes of action and cellular targets
compared with the classical metallodrugs. For instance,
Azizollah and co-workers have studied the anticancer activity
of two Zn(Il)-based coordination complexes which scan be
nominated as good anticancer agents against Caco-2 cell
lines'®; Mukherjee ef al. have studied the anticancer activity or
five mixed-ligand coordination polymers, and one of them
demonstrates significant cell death toward human colorectal
carcinoma cells." In the research, 5,5'-((5-carboxy-1,3-phenyl-
ene)bis(azanediyl))diisophthalic acid (HsL) with the -NH-
joints, a semi-rigid carboxylic acid ligand was chose for its
Lewis basic N donor positions and rich m-electron-rich aryl
parts, which offers latent binding positions to capture the C,H,.
A fresh porous MOF based on Zn(II) has been triumphantly
acquired, and its chemical formula is {[Zn;(1-OH)(L)(H,O);]
-3DEF-H,0}, (1), it was structurally investigated through
powder X-ray diffraction (PXRD), the research of single crystal
X-ray diffraction, infrared (IR) spectra, thermogravimetric
analyses (TGA), as well as elemental analysis (EA). Owing to
its Lewis basic -NH- joints and the m-electron-rich benzene
rings on the skeleton, the activated complex 1 offers a
favourable pore environment for binding C,H, in preference to
CO, and CH,. At the environmental conditions, the adsorption
capacity of C,H, is up to 92.2 cm® (STP) g, while the ideal
adsorbed solution theory (IAST)-predicted adsorption selec-
tivity for the equivalent molar of C,H,-CO, and C,H,-CH,

binary mixtures is as high as 4.5 and 30.6, respectively. The
serial biological investigations were implemented to assess the
compound’s biological activity against liver cancer therapy
combined with the LL-37. The molecular docking simulation
is performed in addition to the experimental results for better
understanding the origin of the possible anti-cancer activities
of the proposed Zn complex.

Experimental

Chemicals and Measurements. All the reagents and
solvents employed for the generation of the complex could be
obtained from the market, and these could be exploited without
processing. The FTIR spectra could be performed utilizing
KBr pellets (5 mg sample in the KBr of 500 mg) with the infra-
red spectra region form 400 to 4000 cm™. Through employing
Perkin-Elmer 240C analyzer (USA), we analyzed the Hydro-
gen, Nitrogen and Carbon elements. For the data of the PXRD,
it could be recorded with Cu Ka radiation via employing the
X-ray diffractometer of Bruker D§ ADVANCE (with A of
1.5418 A, Germany), where X-ray tube was utilized at 40 mA
and 40 kV. The TGA was implemented in the atmosphere of
nitrogen at 5 °C-min’' heating rate exploiting the equipment of
Seiko Extar 6000TG/DTA (Japan). For the as-generated sam-
ples, they can be characterized via utilizing TGA in the atmo-
sphere of nitrogen at 10 K min" heating rate exploiting the
Perkin-Elmer Pyris 1 TGA thermogravimetric analyzer (USA)
reached 873 K. Finally, the gas adsorption of C,H,, N,, CH,,
and CO, were measured through the instrument of Micro-
meritics ASAP 2020 (American Micromeritics Corporation,
USA).

Preparation and Characterization for {[Zns(us-OH)(L)
(H,0);]-3DEF-H,0%}, (1). 0.05 mmol and 24.1 mg of HsL and
29.7 mg and 0.1 mmol of Zn(NO;),6H,0 were dissolved into
the solvent mixture generated from 1 mL H,O (1 mL) and
diethylformamide (4 mL, DEF) (with 1:2 volum ratio). The
product was autoclaved for seventy-two hours at 100 °C, and
after that, it was naturally cooled to the environmental tem-
perature in order to acquire the rectangular massive colorless
crystals with 51 percent yield (on the basis of the Zn(ii)). Ele-
mental analysis (%), calcd for the C;3Hs3NsO,5Zn;3: N, 6.58; C,
4290 and H, 5.02. Found: N, 6.42%; C, 42.63% and H,
5.11%. IR (KBr, cm™): 586.1 (w), 627.9 (s), 655.8 (m), 695.2
(s), 743 (s), 779.9 (s), 809.3 (m), 851.2 (m), 872.1 (m), 969.8
(m), 1015.1 (s), 1060.5 (s), 1098.8 (s), 1123.3 (m), 1158.1 (s),
1193 (s), 1301.2 (s), 1364 (s), 1395.3 (m), 1426.7 (s), 1486 (s),
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Table 1. The Details of Optimization and Its Parameters of
Crystallography for Complex 1

Emplrlcal formula C23H| 8N2014Zn3

Formula weight 742.50
Temperature (K) 293.0
Crystal system Orthorhombic
Space group Pmn2,

a (A) 17.5714(2)

b (A) 12.06380(10)
c (A 13.9417(2)

a (°) 90

B 90

Y (©) 90

Volume (A3) 2955.33(6)
V4 2

Peatc (g/em’) 0.834

p (mm™) 1.242
Data/Restraints/Parameters 6885/13/199

Goodness-of-fit on F 1.020
Final R indexes, I >=2c(/) R=0.0398, wR,=0.0951
Final R indexes, all data R=0.0545, wR,=0.1013

Largest diff. peak/Hole (eA”) 0.43/-0.27
Flack parameter 0.000(7)
CCDC 2081423

1566.3 (s), 1625.6 (s), 1653.5 (s), 2930.2 (w), 3436 (br).

The data for X-ray can be analyzed through Oxford Xcalibur
E diffractometer. For the strength data, it was analyzed via
exploiting the CrysAlisPro, and this data was then converted to
HKL files. And the original structural manners were estab-
lished by the direct means based SHELXS, and after that,
least-squares method based SHELXL-2014 was exploited to
modify. The anisotropic parameters were mixed with global
non-hydrogen atoms. Next, the entire hydrogen atoms were
geometrically fixed via applying the AFIX commands to
carbon atoms that they adjacent to. The compound’s details of
optimization and its parameters of crystallography were
revealed in length in the Table 1.

Cell Counting Kit-8 kit (CCK-8). The CCK-8 detection kit
was completed in the experiment for the assessment of the
complex’s inhibitory activity against the viability of the HepG2
liver cancer cells. This research was accomplished fully in the
light of instructions with a little modification. Briefly, in the
stage of logical growth phage, the HepG2 liver cancer cells
could be harvested and then these cells were inoculated into
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the plates of 96 well at 10° cells each well ultimate destiny.
After incubation for twelve hours in the incubator at 5% CO,
and 37 °C, the treatment was completed after adding the com-
pound into wells with 1-80 mM concentration. Subsequently,
discarding the culture medium of cell and adding the fresh
medium involving the reagent of CCK-8. At last, for each
well, its absorbance was determined via using the microplate
reader at 450 mm.

Trans-well Assay. For the sake of assessing the com-
pound’s influence against the invasion ability and the migra-
tion ability of HepG2 liver cancer cells, the trans-well assay
was carried out in our work. This implementation was con-
ducted total based on the protocols with minor change. In
short, in the case of Matrigel matrix and no Matrigel matrix,
the 24-well trans-well chambers was pre-coated. Then, the
chambers were placed into the 24-well plates. Next, in the
stage of logical growth phage, the HepG2 liver cancer cells
could be harvested and then these cells were cultured into
upper chamber in the medium without FBS at 5x10* cells each
well destiny. After the incubation of cells in the incubator at 5
percent CO, and 37 °C temperature, after twenty-four hours,
the remaining cells in upper parts of membranes were wiped
off carefully, and the cells in lower part of membranes were
labeled with crystal violet (0.5%). Under the microscope and
in 6 randomly separated fields, the numbers of cells on the
lower membrane surface was quantified. This conduction was
carried out at least 3 times.

Simulation Details. The grid parameter file for the molec-
ular docking simulation that contains the binding area and the
Zn complex is prepared by AutoDockTools ver. 1.5.6., the
binding area that contains multiple residues where the active
binding sites are determined is from the protein 1WQ8 (PDB
code), which is a member of the vascular endothelial growth
factor-A (VEGF) protein family. The binding area coordinates
are 19.606, 31.676, and 0.317 in three dimensions and the
length of the cubic box is 80 angstrom. The docking parameter
file for the molecular docking simulation has also been pre-
pared by AutoDockTools, the Zn complex has 3 rotatable dihe-
drals and the maximum allowed binding poses are set to 50 for
better sampling. All simulations are performed by AutoDock
ver. 4.2. The post-analysis and visualization are performed by
PyMOL ver. 2.2.

Results and Discussion

Structural Characterization. The complex 1 could be gen-
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a)

Figure 1. (a) The compound 1’s asymmetry unit; (b) The two-dimensionalnlayered net of complex 1; (c) The 1’s three-dimensional net
reflecting the one-dimensional channels; (d) The four-linked topological net of complex 1.

erated with the solvothermal reaction between Zn(NO;),-6H,O
and HsL in the water and DEF mixed solvent for 72 h at
100 °C, which was created as the light yellow crystals, and its
chemical formula is {[Zn;(p;-OH)(L)(H,0);]-:3DEF-H,0}, (1)
on the basis of the outcomes from the research of single crystal
X-ray diffraction, EA and TGA. Based on the data of single
crystal acquired at the environmental temperature, the out-
comes of optimization and the solution of structure indicate
that in Pmn2, space group of orthorhombic system, the 1 could
crystallize. And each of the asymmetric unit includes 1.5 sep-
arated Zn(ii) atoms in crystallography, 0.5 ligand of L*, aby;-
OH, along with 0.5 molecules of H,O (Figure 1(a)). The Znl
atom was coordinated through 3 carboxylic O atoms in 3
diverse ligands of L* and a p;-OH O atom. The architecture
reflected a slightly distorted coordination geometry and tet-
rahedron. While the Zn2 atom created a twisted or distorted
geometry of octahedron with 2 O atoms originated from 2 dis-
tinct ligands of L%, a p;-OH O atom as well as 3 O atoms
derived from 3 diverse lattice molecules of water. Furthermore,
the Zn1#3, Zn2 and Zn1 atoms shared p1;-OH O atom in order

to generated the trinuclear nodes of [Zn;(13;-OH)(H,0);(COO);],
in which, the bond length of Zn-O is between 1.91 A and 2.18
A. The completely deprotonated L* ligand carboxylic acid
groups connected Znl with the p;-n'/m' and p,-n'm' bridging
manners to creat one-dimensional infinite chains. Afterwards,
the one-dimensional chains connected to each other to gen-
erated a two-dimensional layer (Figure 1(b)), which further-
more was in-depth fused via Zn2, Zn1, and the ligands of HsL
into a three-dimensional architecture. As the calculation with
the program of PLATON, the complex 1’s solvent-accessible
void volume was 69.5 percent without considering the coor-
dinated and lattice solvents. This 3D skeleton composed of
7.99 Ax10.13 A honeycomb cavities, and the Lewis -NH-
moieties and n-electron-rich benzene rings of ligands were uni-
formly distributed in the pore inner walls. These might utilize
as interaction positions for the bindings of C,H, (Figure 1(c)).
Fot the sake of acquiring a better understanding of skeleton,
both the ligands of L™ and trinuclear nodes were classified as
the four-linked nodes, thus the complex 1 could be viewed as
the uninodal network with (6°) topological point symbol (Fig-
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ure 1(d)).

At the aim of checking the products' phase purity, the
research of PXRD on the compound produced was implemented
(Figure 2(a)). For simulated PXRD manners, its peak positions
are in accordance with the experiment results, and this reflects
that the crystal structure is the genuine representative of the
whole product of the crystal. For the crystal samples, its selec-
tive selection will result in the difference in the strength of
product. For the complex 1 generated, the TGA was imple-
mented to assess its thermodynamic stability between 25 and
800 °C under the atmosphere of nitrogen. As displayed in the
Figure 2(b), the complex 1’s TGA curve reveals a continuous
weightlessness of 34.8 percent (the calculated value is 35.3
percent) between 30 °C and 270 °C, which equivalent to the
release of captured guest solvent molecules (3 DEF and a H,0)
and the coordinated molecules of H,O, then there is a relatively
stable platform. After reaching 370 °C, the frame begins to
form. The porosity parameters were characterized by N, desorp-
tion and adsorption experiments at 77 K. At the aiming of
removing solvent molecules in pores, the prepared 1 was
exchanged by the dry low-boiling acetone and then desolved at
373 K in high vacuum until reached 3 ymHg min"' degassing

a)
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rate. The analysis of PXRD showed that activation treatment
had no influence on the structural integrity and crystallinity. As
revealed in the Figure 2(c), 1a reflected that in the region of
low relative pressure, the amount of N, absorption increased
sharply, followed by the platform, and the total amount of N,
absorption per gram was 301 cm® (STP). In accordance with
the classification of IUPAC, the adsorption isotherm is clas-
sical type-I, which exhibits that the micropore structure is
good. According to the adsorption data, the specific surface
areas of Langmuir and BET (Brunauer-Emmett-Teller) were
1303 m*g' and 1180 m*g’, respectively. The distribution
analysis of pore size according to the DFT pattern exhibited 3
main peaks centered at 7.3 A (Figure 2(d)), which is equivalent
to the cage sizes described in previous analysis of structure.

Selective Gas Sorption Properties. Considering the con-
struction of the intrinsic permanent porosity and the distri-
bution of Lewis -NH- parts and m-electron-rich benzene rings
of ligand as the recognition sites of C,H, in inner wall, we
investigated the latent application of the 1a as adsorbent for the
CH, and CO, separation from the C,H,. As a result, the
isotherms of single-component adsorption-desorption isotherms
of CO,, C,H,, and CH, were harvested at 3 distinct temperatures
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Figure 2. (a) The complex 1’s PXRD manners; (b) The diagram of TGA curve for the complex 1; (c¢) The N, adsorption curve at 77 K of
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of 298 K and 273 K along with pressure of 1 atm (Figure 3(a)
and Figure 3(d)). At 1 atm pressure, the absorption capacities
of CH,, CO,, and C,H, of 1 were 30.1, 83.2, and 92.3 cm®
(STP) g at 298 K, respectively, and at 273 K, increased to
43.4,106.3, and 102.5 cm’® (STP) g owing to the process of
exothermic physical adsorption. It was found that the C,H,
absorption for the 1a at 1 atm and 298 K exceeded that of most
reported porous MOFs with no open metal positions, for
instance, ZIF-8, MOF-5, BSF-1, [Zn,,(tdc)s(glycerol)s(dabco);],
and UTSA-36, and their absorption respectively are 25, 26,
52.6, 55.1, and 56.8 cm® (STP) g'. We are glad that 1a can
adsorb much more C,H, than CH, and CO,, particularly at low
pressure. For instance, at 0.5 bar, the actual gas mixture
encounters classical C,H, partial pressure, and at 273 K, the
molar ratios of adsorbed C,H,/CO, and C,H,/CH, are 1.2 and
3.6, and enhanced to 1.5 and 5.2 at 298 K, respectively.
In addition to the difference of adsorption capacity, the affin-
ity of 1a for CH,, CO, and CH, also has obvious difference in
the slope of isotherm in the region of low pressure region. For
the C,H, isotherm, its slope is much larger than that of CH,
and CO, isotherm, suggesting that the interaction between the
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skeleton and C,H, is stronger than that of CH, and CO,. In
order to quantify the affinity between adsorbate and adsorbent,
the loading-dependent isotherm (Qy) of CH,, CO, and C,H,
adsorption could be extracted from the isotherm of tempera-
ture-dependent gas in accordance with the virus equation, as
shown in Figure 3(c), as a gas loadings function. In the whole
process of adsorption, the QO value of C,H, was significantly
higher than the value of CH, and CO,. Specifically, at
approximately O surface loadings, the values of O for CH,,
CO, and CH, are 22.2+2.2, 26.2+0.1, and 32.4+0.2 kJmol”,
respectively.

As explored above, the intensity and adsorption capacity of
1a were CH, < CO, < CH,, suggesting that the 1a could be uti-
lized as the adsorbent for the separations of C,H,/CH, and
C,H,/CO,. In order to explain this point, we apply the famous
IAST pattern proposed via Prausnitz and Myers to predict
adsorption selectivity from determined single- component iso-
therms in experiment, because the adsorption selectivity is a
significant criterion for assessing the gas separation property of
the specified adsorbent. The data of isotherm can be associated
with the single- point equation of Langmuir-Freundlich. The
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Figure 3. The adsorption profiles for CH,, CO, and C,H, at (a) 298 K; (b) 273 K; (¢) The isosteric heat of CH,, CO,, and C,H, adsorbed
in the 1a is related to the gas loading; (d) The IAST selectivity for C,H,/CO, and C,H,/CH, at 298 and 273 K.
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acquiring fitting parameters are exployed gor the calculation of
the TIAST selectivity. Figure 3(d) reflected the adsorption
selectivity of C,H,/CH, and C,H,/CO, equivalent molar binary
mixtures at two diverse temperatures. It can be found that
adsorption selectivity is decided by the temperature along with
total gas pressure. The adsorption selectivities of C,H,/CH,
and C,H,/CO, reduced with the enhancement of total pressures.
The reasons can be reflected as follows. At low pressure, the
C,H, molecule is easy to take over the primary adsorption
positions. With the enhancing pressure, the adsorption posi-
tions of C,H, are less and less. Therefore, the selectivity reduces
accordingly. With the reduction of temperature, the adsorption
selectivity of C,H,/CH, increased, while the adsorption selec-
tivity of C,H,/CO, maintained nearly unchanged. With an
atmospheric pressure, the adsorption selectivity of C,H,/CO,
and C,H,/CH, is up to 4.3 and 41.2 at 278 K, 4.5 and 30.6 at
298 K, respectively. Despite the adsorption selectivities of
C,H,/CO, and C,H,/CH, are not the highest values reported so
far, these values are even higher than or still comparable to the
values of some MOFs, for instance, [Zn(tdc)s(ethylene
glycol)s(dabco);] (C,H,/CO,:3.3), UTSA-68 (C,H,/CO,=3.4),
BSF-1 (C,H,/CO,=3.3), and ZJNU-100 (C,H,/CO,=3.81). In
conclusion, the high adsorption selectivity of C,H, for CH, and
CO, and the high adsorption of C,H, give 1a a potential appli-
cation prospect as the solid adsorbent for the CH, and CO, sep-
aration from C,H, under environmental conditions.
Compound Significantly Reduced the Viability of the
Liver Cancer Cells. After creating the new compound, its
anti-cancer activity combined with the LL-37 was firstly eval-
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Figure 4. Remarkably declined liver cancer cells viability after the
treatment of compound. The CCK-8 was applied for the assessment
of the liver cancer cells viability.

uated. Cancer cells are characterized by abnormal prolifer-
ation, therefore, in our investigation, the liver cancer cells
viability after the treatment via the compound combined with
LL-37 was detected through the CCK-8 assay. The outcomes
reflect in the Figure 4 revealed that the compound combined
with LL-37 could distinctly decline the cancer cells viability, in
comparison with control group.

Compound Obviously Inhibited the Migration and
Invasion Ability of the Liver Cancer Cells. In the previous
study, the compound with LL-37 showed excellent inhibitory
activity on the liver cancer cells viability. Furthermore, the
compound plus LL-37 influence against the invasion ability
and migration ability of cancer cell still required to be inves-
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4004

2004

numbers of invaded cells

o
1

Figure 5. Obviously inhibited invasion ability and migration ability for the liver cancer cells after treating through the compound. The trans-
well assay was conducted to assess the compound effect on the invasion ability and migration ability of cancer cell.
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Figure 6. The favorable conformation between the coordination polymer and the protein.

tigated. Hence, the trans-well assay was carried out in our
experiment. As the data reflected in the Figure 5, we can
observe the liver cancer cells has a relatively stronger invasion
ability and migration ability, in contrast to normal liver cells.
After compound and LL-37 treatment, the invasion ability and
migration ability for the liver cancer cells was obviously
declined.

Molecular Docking. The vascular endothelial growth factor
has multiple effects when binding to kinase insert domain-con-
taining receptor,”” which has been used as probe protein for
identifying the activities of the proposed drug molecule upon
the anti-cancer treatment. Thus, in the current study, the crystal
structure 1WQS8 of VEGF has been used as the target protein
for the molecular docking simulation. There are 50 possible
allowed binding poses for estimating the binding interactions,
and the one which is the energetically favorable binding con-
formation is analyzed in detail and is shown in Figure 6.

As shown in Figure 6, the most advantageous binding con-
formation is shown and the estimated binding affinity energy
is -8.51 kcal/mol. It can be obviously seen from the surface
view that there are multiple binding interactions generated
between the target protein 1WQ8 and Zn complex. In the mag-
nified local binding view, it is observed that there are 7 binding
interactions formed in total, and the binding distances are vary-
ing from 1.6 to 2.7 angstrom, indicating a strong binding
strength is obtained. Explicitly, the carbonyl oxygens from the
Zn complex are the donors of the hydrogen bonds, and the
receptors are residues ARG-96, LYS-55, ARG-44, LYS-61 and
GLN-25. Such results suggest that the proposed Zn complex

has excellent stabilization effect on the given probe protein and
therefore exhibits good anti-cancer activities.

Conclusions

To sum up, we have created a fresh porous Zn-MOF with
employment of 5,5'-((5-carboxy-1,3-phenylene)bis(azanediyl))-
diisophthalic acid (HsL) with the -NH- joints, a semi-rigid
carboxylic acid ligand. Owing to its Lewis basic -NH- joints
and the m-electron-rich benzene rings on the skeleton, the
activated complex 1 offers a favourable pore environment for
binding C,H, in preference to CO, and CH,. At the environ-
mental conditions, the adsorption capacity of C,H, is up to
92.2 cm® (STP) ¢!, while the IAST-predicted adsorption selec-
tivity for the equivalent molar of C,H,-CO, and C,H,-CH,
binary mixtures is as high as 4.5 and 30.6, respectively. The
CCK-8 kit outcomes indicated that this compound could dis-
tinctly decline the liver cancer cells viability. Furthermore, the
invasion ability and migration ability for the liver cancer cells
was also decreased under the cancer cell exposure. Finally, it
can be acquired that this compound was an outstanding can-
didate for the liver cancer treatment through inhibiting the via-
bility, invasion ability and migration ability of the cancer cells.
The performed molecular docking simulation showed that
multiple hydrogen bonds were formed between the proposed
Zn complex and the VEGF protein, the binding lengths are
between 1.6 and 2.7 angstrom. Such results indicate that the Zn
complex has good anti-cancer activities and shows good
potential for cancer treatment.
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