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Highly Selective Carbon Dioxide Adsorption on 
Exposed Magnesium Metals in A Cross-Linked 
Organo-Magnesium Complex 

Kapil Pareek,a Qingfan Zhang,a,b Rupesh Rohana and Hansong Chenga,b ,  

A cross-linked organo-magnesium complex (MTF-Mg) was synthesized and investigated for 
selective CO2 adsorption over N2 at 298K. Remarkably high selectivity and reversibility 
were achieved with an isosteric heat of adsorption of 45.2 kJ/mol for CO2, consistent with 
the predicted DFT value of 37.3 kJ/mol. The CO2 preferential adsorption arises from its 
strong interaction with the exposed magnesium atoms. 
 

 

 
Introduction 

The sharply rising level of carbon dioxide emission from 
combustion of fossil fuels has raised increasing environmental 
concerns on global warming and climate change. 
Approximately 40-50 % of total CO2 emission comes from 
stationary sources, such as power plants and steel mills.1  
Storage materials with high capacity and high selectivity for 
CO2 capture are in increasing demand. In general, CO2 capture 
and separation from power plants can be done in three stages, 
termed as pre-combustion, post-combustion and oxy-
combustion.2 Selective CO2/N2 separation from flue gas is 
required for the post-combustion stage.3 In a typical post-
combustion flue gas composition, selective separation of 
CO2/N2 presents a formidable technical challenge due to a 
relatively low concentration of CO2 (15-16%) and a large 
quantity of N2 (73-77%).4 Therefore, development of highly 
selective adsorbents towards CO2 over N2 is crucial for CO2 
capture and subsequent sequestration.  
 
Current technologies for post-combustion CO2 capture are 
largely based on the process of passing flue gas through an 
aqueous amine-based solution with high selectivity, fast 
kinetics but a moderate capacity for CO2 absorption at a near 
ambient temperature.2 CO2 molecules form covalent bonds with 
the amino groups of the absorbent to produce carbamate species 
and are subsequently released for sequestration or utilization at 
a temperature typically above 100 oC.5 The solution based 
absorption technology usually causes ca. 30 % energy penalty 
during the regeneration process.6 In particular, the high water 
content in the solution, required for reducing the viscosity and 
enhancing the absorption kinetics, makes the process even more 
expensive due to the large heat capacity of water, which does 

not directly contribute to CO2 uptake and removal. Furthermore, 
thermal and oxidative degradation of solvents may also  take 
place in the absorbent recovery process at an elevated 
temperature, which produces undesirable corrosive by-
products.2 
 
Pressure swing adsorption (PSA) technology has long been 
widely practiced for industrial scale gas separation with a high 
efficiency.1 For a gas mixture, the effectiveness of the PSA 
technology is largely dependent on the selectivity and capacity 
of the adsorbent toward an individual gas molecule of interest. 
Selective CO2 adsorption from flue gas has been extensively 
investigated with a wide variety of porous materials, such as 
metal organic framework (MOF) compounds,3, 7 activated 
carbons,8 zeolites,9 and covalent-organic frameworks (COFs) at 
near ambient conditions.1, 3,10 However, the low hydrothermal 
stability11, 12 and relatively slow adsorption kinetics13 of these 
materials limit the broad applicability of the adsorption 
technology for pre- or post-combustion CO2 capture. 
Amorphous porous covalent organic materials,10 which possess 
large surface areas and a tunable pore size, show higher 
hydrothermal stability than MOFs and COFs.11, 14 A series of 
covalent organic materials, along with conjugated microporous 
polymers and covalent organic polymers, have been 
investigated in recent years for selective CO2 capture from flue 
gas under ambient conditions.15-17 Remarkably, introduction of 
CO2-philic moieties or polar functionalities into these materials 
was found to exert profound influence on both CO2/N2 
selectivity and heat of CO2 adsorption. Furthermore, the role of 
the polar groups (e.g. –OH and –NH2)16, 18, 19 and monovalent 
cations (e.g. Li+ and Na+)14 incorporated in the adsorbents via 
pre or post-synthesis modifications in enhancing CO2 capture 
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selectivity and capacity, has been extensively investigated and 
proven to be reasonably effective.1 These ionic species are 
well-coordinated in the polymer matrix, which however 
compromises the interaction with CO2 and thus leads to a 
relatively low enthalpy of adsorption. Unfortunately, to date, 
little attempt has been made to incorporate multivalent cations 
in porous organic network environment for selective CO2 
adsorption.1 It is anticipated that introduction of under-
coordinated multivalent cations in these materials may radically 
enhance the adsorption selectivity as well as capacity.  
 
In this article, we report successful synthesis of an organo-
magnesium functionalized cross-linked melamine-
terephthaldehyde framework (MTF-Mg) for selective CO2 
adsorption over N2 at 298K. The compound was prepared by 
reacting Mg-modified-melamine with terephthaldehyde. 
Melamine-terephthaldehyde based cross-linked organic 
framework complexes without metal incorporation have been 
recently reported to be quite porous with a surface area ranging 
from 300 m2/g to 1377 m2/g.20, 21 However, these materials 
were found to indiscriminately adsorb the molecular species in 
the flue gas with poor CO2 selectivity over N2. (Fig. S1 
Supporting Information) By adopting a similar synthetic 
protocol but incorporating organo-magnesium moiety in the 
precursors, we obtained a material with a moderate surface area 
and exposed magnesium metal sites. The synthesized MTF-Mg 
complex exhibits remarkably high CO2/N2 selectivity of 32 at 
298K and 1 atm, comparable to the selectivity found in several 
MOF materials deemed to be excellent candidates for post 
combustion CO2 capture as adsorbents under similar 
conditions.1 The selectivity of the MTF-Mg complex is also 
comparable to the value of the post-modified metal 
functionalized porous aromatic framework materials with 
moderate surface areas (430-717 m2/g).22 The  significantly 
higher selectivity than the value of previously reported 
melamine-terephthaldehyde based framework compounds23 is 
largely attributed to the high exposure of magnesium cations on 
the walls of the porous compound to the gas molecules. The 
novel approach of incorporating multivalent cations in the high 
porous organic framework might lead to design of new 
materials with under-coordinated metals for selective CO2 
adsorption from flue gas via PSA technology. 

Experimental 

Synthesis of MTF-Mg copolymer 

The MTF-Mg copolymer was synthesized in a two-step 
reaction, as shown schematically in Scheme 1. In the first step, 
a flame-dried three neck flask fitted with a condenser and a 
magnetic stirring bar was charged with melamine (500 mg, 3.96 
mmol) and a hexane (40 ml) solvent under argon atmosphere at 
-78 oC. Subsequently, di-butyl magnesium (5.94 mmol) was 
injected to the flask and stirred for 12 hrs under argon 
atmosphere, producing the Mg-modified-melamine complex 
and butane gas. In the second step, 1,4-
benzenedicarboxaldehyde (796 mg, 5.94 mmol)  and diglyme 

(40 ml) were added into the reaction mixture, which was then 
stirred at 160 oC for 72 hrs under argon atmosphere. Upon 
cooling to room temperature, the precipitated MTF-Mg was 
filtered and washed with an excess of anhydrous acetone, 
anhydrous tetrahydrofuran, and anhydrous dichloromethane, 
respectively. The solvents were removed under a reduced 
pressure by using a rotary evaporator. Final drying was done at 
190 oC under vacuum in a tube furnace to produce a yellow 
powder with a yield of 70 %. 
FTIR (MTF-Mg): ῦ (triazine ring) 1550 cm-1, 1480 cm-1, ῦ 
(adsorbed moisture) 3200-3400 cm-1 (b) 
 

 
Scheme 1. The synthetic protocol of the MTF‐Mg complex. 

Characterization 

The nitrogen adsorption-desorption isotherms at 77K and 1 atm 
were measured on ASAP 2020. The Brunauer-Emmett-Teller 
(BET) surface area was calculated over the range of relative 
pressure of 0.05-0.20 bar. The sample was activated at 120 oC 
under vacuum for 12 h prior to the measurement. 
 
Powder X-ray diffraction (XRD) was performed on a D5005 
Bruker AXS diffractometer with Cu-Kα radiation (λ = 1.5410) 
at room temperature. The diffraction pattern of the MTF-Mg 
was measured using a sample size of 70-110 mg. SEM images 
were obtained using a scanning electron microscopy (SEM) 
with Jeol JSM-6701F. Samples were prepared by gold 
sputtering under 9Pa at room temperature (20s, 30mA) with a 
JEOL JFC 1600 Fine Coater. All X-ray photoelectron spectra 
(XPS) were taken with a VG Scientific ESCALAB MKII 
spectrometer. Infrared spectroscopy was taken on the Varian 
resolutions (version 4.0.5.009). Thermogravimetric analysis 
was performed on a TA instrument 2960 (DTA-TGA) from 
room temperature to 900 oC at the heating rate of 5 0C/ min.  
 
Gas adsorption isotherms were obtained by using a computer-
controlled commercial Gas Reaction Controller (GRC) 
manufactured by Advanced Materials Corporation. The GRC 
instrument is based on a volumetric method to determine gas 
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adsorption and was calibrated by following the standard 
practice guidelines recommended by US DOE.24 The empty 
sample chamber was tested to determine its zero adsorption 
baseline at 298K and 77K, respectively (Fig. S5, Supporting 
Information). Furthermore, the GRC was also calibrated with 
commercially available standard materials basolite A100 
(MIL53-Al MOF) and LaNi5 alloy at 77K and 298K, 
respectively (Figs. S6 and S7, Supporting Information). High 
purity CO2 (99.8) and N2 (99.995) gases were used for the 
adsorption measurements.  
 
All gas adsorption-desorption measurements were performed 
following the standard procedure.25-27 Around 300 mg of MTF-
Mg was sealed in a sample chamber inside the glove box to 
prevent exposure to the moisture and was subsequently 
activated at 150 0C under a reduced pressure (below 10-5 torr) 
for overnight on the GRC. The adsorption-desorption isotherms 
of the MTF-Mg complex were measured at 273K and 298K 
over a pressure range of 0-1 atm.  
 
The skeleton density of the compound was measured using a 
Quantachrome Ultrapyc 1200e instrument, which was 
calibrated using a sphere with a known volume. The skeleton 
density of the MTF-Mg complex (1.6 g/cc) was provided to the 
GRC to obtain an accurate void space volume by subtracting 
the skeleton volume of the sample from the volume of the 
sample chamber.  
 
Enthalpies of adsorption were derived from the following 
equation.28  

,                       (1) 

where T represents the temperature, p is the pressure (in kPa), 
ΔadH is the enthalpy of adsorption and R is the universal gas 
constant. 28 A plot of lnp against 1/T is a straight line of the 
slope ΔadH/R at a given surface coverage. 
 
The selectivity of CO2 of the MTF-Mg sample was evaluated 
using the experimental single-component gas adsorption 
isotherms based on the following equation: 1, 13 

                 1 2

1 2

/

/

q q
S

p p
  ,                                    (2)       

where S is the selectivity factor, q1 and q2 represent the 
adsorbed quantities of components 1 and 2, and p1 and p2 stand 
for the partial pressures of components 1 and 2, respectively. 
For post-combustion flue gas, the partial pressures of CO2 and 
N2 are 0.15 bar and 0.75 bar, respectively.1 

Computational method   

To assist elucidation of the experimental results, first principles 
calculations based on density functional theory (DFT) were 
carried out under the generalized gradient approximation (GGA) 

using the Perdew-Burke-Ernzerhof (PBE) exchange correlation 
functional as implemented in the DMOl3 code.29 A double 
numerical basis set augmented with polarization functions was 
employed to describe the valence electrons with the core 
electrons represented by an effective core potential. The 
interaction between CO2 and the host was calculated upon full 
geometry optimization using a local structural model in the 
proximity of the Mg atom of the MTF-Mg complex shown in 
Scheme 1. Subsequently, the adsorption energy was evaluated 
using the following equation: 

Eads = EMTF-Mg+CO2-EMTF-Mg-ECO2 ,                    (3) 

where EMTF-Mg+CO2, EMTF-Mg, and ECO2 represent the energies of 
the MTF-Mg complex with an adsorbed CO2 molecule, the 
energy of the MTF-Mg complex and the energy of the CO2 
molecule, respectively.  

Results and discussions 

Table 1. Elemental analysis results of the MTF-Mg complex. 

Compound  C% H% N% Mg% 
MTF-Mg Expected 45.94 2.97 35.74 15.50 

 Found 35.95 3.89 28.54 12.84 

 

 
Figure 1. TGA  thermograms of melamine  (red),  terephthaldehyde  (purple), and 

MTF‐Mg (black) under nitrogen atmosphere at 5 oC/min heating rate. 

The first evidence of successful synthesis of the designed MTF-
Mg complex is provided by the elemental analysis, which 
yields a reasonable match between the expected and the 
detected data (Table 1). The TGA thermograms of the starting 
materials and the synthesized MTF-Mg compound are 
displayed in Fig. 1. The MTF-Mg complex shows a steep 
weight loss at ca. 468 oC, which is higher than the degradation 
temperatures of both melamine and terephthaldehyde, clearly 
supporting the expected polymerization reaction between the 
Mg-modified-melamine precursor and terephthaldehyde. In 
addition, the MTF-Mg complex displays a higher char residue 
of 40% at 900 oC than the previously reported melamine-
terephthaldehyde framework20, 21, 30 due to the presence of the 
organo-magnesium moiety.  
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Figure  2.  X‐ray  photoelectron  spectra  of  the  MTF‐Mg  copolymer  (a)  high 

resolution scan of C1s, (b) high resolution scan of N1s, (c) high resolution scan of 

Mg2p, and (d) a complete scan. 

The X-ray photoelectron spectra (XPS) of the MTF-Mg 
complex are shown in Fig. 2. The C1s core level shift of the 
material (Fig. 2a) can be fitted into four peaks, corresponding to 
the carbon atoms in the benzene ring (283.63 eV), the linkers 
(the carbon atom bonded to the more electronegative N or O 
atoms 284.98, 287.10 eV) and the triazine ring (288.60 eV), 
respectively.31, 32 The peak for the O1s band is due to the C-OH 
group formed during the condensation reaction and some un-
reacted C=O groups of the terephthaldehyde monomer.20 The 
N1s band can be fitted into three peaks at 396.31, 397.56 and 
398.81 eV. The peak at 396.31 eV corresponds to the nitrogen 
atoms of the triazine ring (C=N-C) and the remaining two peaks 
at 397.56 and 398.81 eV are associated with the nitrogen atoms 
of the amine groups coordinated to the magnesium metals.20 
The energy band of Mg 2p can be approximately fitted into a 
group of three peaks located at 50.33, (Mg bonded with O 
containing groups) 51.26 (Mg-N) and 52.38 eV, (Mg-N) 
respectively (Fig. 2c), reflecting different chemical 
environments. The high binding energy of the Mg 2p peaks is 
attributed to the high electronegativity of the nitrogen atoms 
and the charge delocalization into the aromatic ring derived 
from the N-Mg bonds.  
 

 
Figure 3.  (a) Nitrogen adsorption‐desorption  isotherms at 77K  for MTF‐Mg,  (b) 

pore size distribution calculated  from the nitrogen  isotherm at 77K by applying 

the DFT pore size analysis method. 

 

The specific surface area of the MTF-Mg complex was 
measured at 77K by nitrogen adsorption-desorption isotherms 
(Fig 3a). The compound displays a BET surface area of 137 
m2/g and a Langmuir surface area of 222 m2/g, respectively. 
The surface area of MTF-Mg is significantly lower than the 
reported values of the melamine-terephthaldehyde based 
network compounds without metal incorporation (300-1377 
m2/g), 20, 33, 34 most of MOF materials (150-5000 m2/g)28 and 
porous carbons (100-1500 m2/g).35 The relatively low surface 
area of the MTF-Mg complex is attributed to the 
functionalization of the organo-magnesium moiety into the 
polymer network with the exposed magnesium atoms pulling 
nearby nitrogen atoms toward the cationic sites, which 
effectively facilitates pore size shrinkage. Indeed, the DFT pore 
size distribution (PSD) of the MTF-Mg complex (Fig. 3b) 
clearly indicates the presence of a wide range of nano-pores, 
which differs significantly from the narrow PSD observed for 
melamine-terephthaldehyde based network compounds without 
metal incorporation.20, 21 In addition, the total calculated 
volume of the pores is up to 0.40 cm3/g, which is comparable to 
the reported data without metals.20, 21 The change in PSD 
without changing the total pore volume in MTF-Mg may arise 
from the different framework topology of the material upon 
metal functionalization. 
 
The porous structure of the MTF-Mg complex was further 
investigated by scanning electron microscopy (SEM). The SEM 
image shown in Fig. 4 reveals that the agglomerates are 
interconnected with each other to form a continuous porous 
network. These amorphous, loosely packed structures are 
important for enhancing the accessibility of gas molecules to 
the active sites of the material.20  

    
Figure 4. SEM micrograph of MTF‐Mg copolymer. 

The adsorption isotherms of CO2 and N2 at 298K and up to 1 
atm pressure are shown in Fig. 5a. Remarkably, the uptake of 
CO2 rises sharply as the pressure increases, while the 
adsorption capacity of N2 remains essentially flat in the 
pressure range. The results indicate that the host material 
interacts with the CO2 molecules more strongly than with N2. 
The compound displays a room temperature CO2 capacity of 
1.96 wt% at 1 atm pressure without saturation with high 
adsorption reversibility. The maximum error in the 
measurement is up to 0.07 wt%. The sorption of CO2 was found 
to be completely reversible at 298K  
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Figure 5. (a) Adsorption isotherms of CO2 and N2 on MTF‐Mg at 298K and 1 atm 

pressure  and  (b)  CO2  excess  capacity  at  298K  in  twenty  one  fully  reversible 

adsorption‐desorption cycles up to 1 atm pressure. 

and 1 atm with the cycle performance demonstrated in Fig. 5b. 
The selective adsorption of   CO2  over   N2     estimated    from   
the     single-component isotherms1 reveals that the MTF-Mg 
copolymer shows CO2/N2 selectivity of 32 at 298K and 1 atm 
pressure. The CO2/N2 selectivity of the MTF-Mg complex is 
comparable to the reported selectivity found in several high 
surface area MOF materials, which have been regarded as 
highly promising adsorbents for post combustion CO2 capture 
under similar experimental conditions. These compounds 
include Mg2(dobdc) (CO2/N2= 44 at 303K; SSA 1174 m2/g),36 
CuTATB-60 (CO2/N2= 24 at 298K; SSA 3811 m2/g),37 Fe-BTT 
(CO2/N2= 18 at 298K; SSA 2010 m2/g),38 ZIF-78 (CO2/N2= 30 
at 298K; SSA 620 m2/g),39 Cu-BTT-ri (CO2/N2= 19 at 298K; 
SSA 1770 m2/g),18 and ZIF-100 (CO2/N2= 22 at 298K; SSA 
595 m2/g).40 The selectivity is also comparable to the reported 
values of post-modified monovalent metal functionalized 
porous aromatic frameworks (PAF-26-COOLi, SSA 591 m2/g 
CO2/N2= 24; PAF-26-COONa, SSA 483 m2/g CO2/N2= 53; 
PAF-26-COOK, SSA 4301 m2/g CO2/N2= 50).22  
 

 
Figure 6. Excess CO2 adsorption capacity for MTF‐Mg at 298K and 1 atm (Run 1). 

Run 2 employed material regenerated after run 1 by boiling in water for 1h. 

CO2 capture from flue gas requires adsorbents to be 
hydrothermally stable as post combustion flue gas contains ca. 
5-7% (by volume) of water. Figure 6 depicts two adsorption 
isotherms measured for MTF-Mg with and without water 
treatment. The water treatment was done by immersing the 
compound in boiled water for an hour.14  The results shown in 
Fig. 6 demonstrate that there is no obvious loss in CO2 uptake 
capacity and confirm the ultrahigh stability of the material for 
practical applications. Nevertheless, the presence of water 
vapour in post combustion flue gas may show a negative effect 

on CO2 adsorption by reducing its uptake as reported by Gang 
Li et al.41 

 
Figure  7.  (a)  Excess  carbon  dioxide  uptake  at  323K,  298K  and  273K,  and  (b) 

calculated isostearic heat of adsorption of CO2 on MTF‐Mg.  

To quantitatively describe the adsorption strength, the isostearic 
heat of adsorption was derived from the measured isotherms at 
323K, 298K and 273K using the equation (1) (Fig.7). The low 
coverage isosteric heat of adsorption calculated from isotherms 
at 323K, 298K and 273K was found to be up to 45.2 kJ/mol.  
 
The low coverage isosteric heat of CO2 adsorption of MTF-Mg 
is higher than the reported values for melamine-
terephthaldehyde frameworks (31.5 kJ/mol), post metal 
modified porous aromatic frameworks (28.1-35.0 kJ/mol),22 
SO3H (30.4 kJ/mol) and SO3Li (35.7 kJ/mol) grafted porous 
polymer network,14 comparable to many highly CO2 selective 
MOF materials, such as CuTATB-30 (48 kJ/mol),37 Mg-MOF-
74 (47 kJ/mol),42 and significantly lower than the value in Cu-
BTTri-en (90 kJ/mol).18 The isosteric heat of adsorption 
decreases monotonically with the surface coverage.  We note 
here that it is possible that adsorption can also be limited by gas 
diffusion in the polymer matrix rather than kinetics. For MTF-
Mg, it is estimated that the desorption energy of 45.2 kJ/mol 
would allow CO2 release with a partial pressure of 0.005bar at 
282K, while for a desorption energy of 90 kJ/mol, the 
temperature would have to be raised to 500K to achieve the 
same partial pressure (Supporting Information).   
 
The high selectivity and adequate heat of adsorption observed 
in the MTF-Mg complex are attributed to the relatively more 
exposed divalent cations than the active metal sites in many 
coordinatively unsaturated MOF materials, in which  the metal 
sites become essentially five coordinated upon removal of a 
metal bonded solvent molecule in the activation process.43-45 In 
comparison, each Mg atom in the MTF-Mg complex is chelated 
by 4 neighbouring N atoms. As revealed by the DFT-optimized 
local structure with one unit of the MTF-Mg complex based on 
the hypothetical structure shown in Scheme 1 (Fig. 8a and 
Table 2), the two slightly shorter N-Mg bonds are formed 
through the strong covalent interaction between Mg and the 
neighboring amino groups of the adjacent melamine molecules. 
Another two slightly longer N-Mg bonds arise from the weak 
back donation from the nearby N atoms in the two triazine rings. 
Aside from the low coordination number, the rigid ligand 
environment provided by the cross-linked polymer network 
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makes the metal atom even more poorly coordinated as shown 
in Fig. 8. As a consequence, the metal sites become highly 
active toward gas molecules. Furthermore, the quadruple 
moment of CO2 (13.4 x 10-40 Cm2) is significantly higher than 
that of N2 (4.7 x 10-40 Cm2), making the metal sites fully 
occupied by CO2 through a strong quadruple-cation 
interaction.46 The high CO2 over N2 selectivity not only reflects 
the fact that the metal sites are fully populated by CO2 but also 
indicates that it is the metal sites, not the van der Waals forces, 
that give rise to the strong CO2 adsorption. 

 
Figure 8. Electrostatic potential surface of the MTF‐Mg complex before and after 

CO2 adsorption. 

To gain atomistic insight into the interaction strength between 
CO2 and the host, we performed density functional theory 
calculations using a model system of one unit of the MTF-Mg 
complex based on the hypothetical structure shown in Scheme 
1 with the neighbouring units terminated with benzene (Fig. 8). 
This structural arrangement is not expected to give rise to 
significant uncertainty to the bonding properties in the 
proximity of the exposed metal site since the termination is 
done at the distances sufficiently far from the active adsorption 
site. 

Table 2. N-Mg bond distance and Mulliken charge before and 
after CO2 adsorption on the MTF-Mg complex. 

 N-Mg bond length (Ao) Mulliken Charge (e-) 
Before  After Before After 

N1 2.110 2.130 -0.655 -0.662 
N2 2.062 2.107 -0.587 -0.638 
N3 2.057 2.063 -0.587 -0.588 
N4 2.120 2.129 -0.640 -0.640 
Mg ------- ------ 0.905 0.946 

 
Figure 8 displays the optimized substrate and adsorption 
structures. The Mg atom is coordinated by 4 neighbouring N 
atoms asymmetrically. Upon sampling several possible 
adsorption configurations, we found that the “side-on” mode of 
the CO2 molecule is energetically preferred. One O atom is 
directly attached to the Mg atom with a short distance of 
2.215Å and the positively charged C atom of CO2 interacts with 
the most negatively charged N atom near the metal site, 
forming a 4-membered physisorption structure. Only a slight 
variation of the C-O bonds relative to the gas-phase value 
(1.194 Å and 1.165 Å vs. 1.192 Å) was observed. The 
calculated adsorption energy is 37.3 kJ/mol, in reasonable 
agreement with the experimentally measured value. The 
adsorption is dictated chiefly by the bonding interaction 

between the electron-rich oxygen and the under-coordinated, 
positively charged Mg atom and, to a less extent, by the 
electrostatic interaction between the C atom and the amino 
group in the proximity of the metal site.  
 

Conclusions 

Achieving high capacity and high selectivity for CO2 capture 
from post-combustion flue gas is important for effective control 
of greenhouse gas emission. PSA based technologies are ideally 
well-suited for the purpose with substantially lower costs, 
relative to the conventional liquid amine-based technologies 
with temperature control, and operational convenience, if 
adequate adsorbents that meet specific industrial requirements 
could be developed. In the present study, we presented a novel 
approach for synthesis of porous organic framework 
compounds with highly exposed multivalent metals, which 
serve as the CO2 adsorption sites. A magnesium metal 
functionalized MTF-Mg complex was synthesized via pre-
modification of precursors and subsequently characterized. Our 
results suggest that this material is highly cross-linked with 
moderate porosity and high thermal stability. The measured 
BET surface area of 137 m2/g is significantly smaller than that 
of the polymeric compound without metal incorporation. 
The performance of the MTF-Mg complex toward selective 
adsorption of CO2 over N2 was tested via volumetric adsorption 
isotherm measurements. Unlike melamine-terephthaldehyde 
based cross-linked organic framework compounds without 
metal incorporation, the MTF-Mg complex displays remarkably 
high CO2/N2 selectivity, arising from the larger quadruple 
moment of CO2, and an adequate isosteric heat of adsorption, 
making the compound highly promising for the gas separation. 
The CO2 adsorption is also completely reversible and hence, 
well suited for use of PSA technology. 
 
Despite the high adsorption selectivity and reversibility, the 
relatively low specific surface area of the complex presents a 
considerable limit to the adsorption capacity. New synthetic 
routes need to be explored to develop porous organic 
framework compounds with higher surface areas but with 
exposed multivalent metal sites. The results presented in the 
present study may shed a light on the future development of 
materials for post-combustion CO2 capture with high capacity, 
high selectivity, high reversibility and low cost via PSA 
technology.  
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