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A facile synthesis of microporous organic polymers 
for efficient gas storage and separation 

Guoliang Liu,a,b Yangxin Wang,a,b Chaojun Shen,a Zhanfeng Jua and Daqiang 
Yuan*,a 

A series of porous hyper-cross-linked polymers with excellent physiochemical stability have been 

designed and prepared facilely through template-free Friedel-Crafts alkylation reactions between 

benzene / biphenyl / 1,3,5-triphenylbenzene as co-condensing rigid aromatic building blocks and 

1,3,5-tris(bromomethyl)benzene or 1,3,5-tris(bromomethyl)-2,4,6-trimehylbenzene as cross-linkers 

under the catalysis of anhydrous AlCl3 or FeCl3. The systematic study of gas uptake ability shows that 

anhydrous AlCl3 is a much more effective catalyst than anhydrous FeCl3. The synthesized polymers are 

thermally stable and are predominantly microporous with high surface areas up to 1783 m2g-1. In 

addition, they exhibit high H2 and CO2 uptake capacity/selectivity. Among these materials, C1M3-Al 

has the highest H2 uptake capacity at 77 K and 1 bar (19.1 mg·g-1) and CO2 uptake capacity at 273 K and 

1 bar (181 mg·g-1); the best CO2/N2 (15/85) selectivity calculated by IAST at 273 K and 1 bar belongs to 

C1M2-Al (32.3). Moreover, the synthesis route exhibits cost-effective advantages, which are essential 

for scale-up preparation, thus showing great potential for clean energy applications. 

 

Introduction 

Recently, climatic warming due to the rapid consumption of 
fossil fuels and biomass has gradually produced disastrous 
consequences. How to effectively capture CO2 has been a 
common topic among the global scientific community.1 The 
conventional CO2 capture process based on alkanolamine 
solvents has significant drawbacks such as high energy 
consumption, corrosion of equipment and some environmental 
issues. In order to solve those problems, the new generation 
CO2 capture technologies must be developed on a global scale.2 
Porous materials relying on physical adsorption are potential 
candidates for CO2 capture because of their low regeneration 
energy consumption, high CO2 sorption capacity and synthetic 
diversification.3 Microporous organic polymers (MOPs) are an 
important class of porous materials which are constructed from 
monomers as organic building blocks and have shown great 
potential in a variety of applications, such as gas storage and 
separation, catalysis, chemical sensing, etc.4 MOPs is a wide 
concept5 which includes polymers of intrinsic microporosity 
(PIMs),6 conjugated microporous polymers (CMPs),7 covalent 
organic frameworks (COFs),8 hyper-cross-linked polymers 
(HCPs),9 crystalline triazine-based frameworks (CTFs),10 
porous polymer networks (PPNs)11 and porous aromatic 
frameworks (PAFs).12 However, most MOPs were obtained via 
cross-coupling reactions catalysed by precious metal catalysts, 
which limited their practical applications. 

 HCPs with high microporosity is a subclass of MOPs, 
which were prepared by Friedel-Crafts alkylation reaction in 

the presence of cheap, readily available Lewis acids as catalysts. 
They have the advantages of low production cost and easy scale 
production. There are two common approaches through Friedel-
Crafts reaction to synthesize HCPs: one is direct polymerization 
of monomers, and the other one is intermolecular and 
intramolecular post crosslinking of preformed polymer 
chains.13 Efforts made to explore such new hyper-cross-linked 
materials have achieved well-pleasing fruit. Some of these 
polymers featured great capability in carbon-capture. For 
example, Cooper’s group reported an alcohol-containing 
polymer network with a significantly higher CO2 uptake of 174 
mg·g-1 at 1 bar and 273 K.13c Recently, Dai’s group reported a 
new triazine and carbazole bifunctionalized task-specific 
polymer whose CO2 uptake of 180 mg·g-1 at 1 bar and 273 K is 
among the highest uptake in porous HCPs.14 Experimental 
results indicate that the innate abilities of the porous HCPs for 
the gas storage or separation are correlated to their pore 
structure including specific surface area, pore geometry, pore 
volume and pore size distribution. The Brunauer-Emmett-Teller 
(BET) specific surface area is a very important parameter in the 
pore structure for the HCPs, which can be tuned in the range of 
300-2090 m2·g-1 by manipulating the structure of the monomers 
and/or reaction parameters.13h Therefore, designing monomer 
and optimizing the synthetic condition to synthesize HCPs with 
higher specific surface areas are critical for the applications 
such as gas storage or separation.  
In the classical Friedel-Crafts alkylation reaction, benzyl 
bromides could also be used as alkylating agents and the small 
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gases adsorptive property of the polymers resulting from 
tritopic benzyl bromides have never been systematically 
investigated. In addition, almost all the HCPs were carried out 
by using anhydrous FeCl3 as catalyst.13h However, we found 
that the gas sorption properties of the polymers were largely 
affected by the structure of the polymers which were relevant to 
the activity of the reaction catalyst. Here we demonstrate that 
1,3,5-tris(bromomethyl)benzene (C1) and 1,3,5-
tris(bromomethyl)-2,4,6-trimehylbenzene) (C2) are firstly used 
as cross-linkers and co-condensed with ordinary aromatic 
compounds of different sizes to construct a series of cost-
effective porous materials in the presence of anhydrous FeCl3 
or AlCl3 as catalysts. The adsorption of CO2 and H2 as well as 
the separation of CO2/N2 were evaluated and compared in order 
to deeply study the effect of catalyst and building block features 
on the pore structures and the properties of target frameworks. 

Experimental Section 

Materials 

Reagents and solvents were purchased from commercial 
suppliers and used without further purification, unless 
otherwise indicated. Dichloromethane (DCM) was dried by 
activated molecular sieve. 1,3,5-Tris(bromomethyl)benzene and 
1,3,5-Tris(bromomethyl)-2,4,6-trimehylbenzene were 
synthesized following the published procedures.15 

Synthesis of hyper-cross-linked porous polymers 

All the microporous organic polymer networks were 
synthesized by Friedel-Crafts alkylation of benzene, biphenyl, 
or 1,3,5-triphenylbenzene using 1,3,5-tris(bromomethyl)-2,4,6-
trimehylbenzene or 1,3,5-tris(bromomethyl)benzene as cross-
linker promoted by anhydrous AlCl3 or FeCl3 in similar 
procedures. The preparation of sample C1M1-Al will serve as 
an example: AlCl3 (anhydrous 500 mg, 3.75 mmol), 1,3,5-
tris(bromomethyl)benzene(180 mg, 0.5 mmol) and benzene (60 
mg, 0.75 mmol) were added to a 100 ml flask, and then 20 ml 
dry DCM was added to it. The mixture was stirred under 
nitrogen protection at 40 °C for 24 h to form the network. The 
colour of the mixture darkens with time. The resulting 
precipitate was washed three times with diluted hydrochloric 
acid, methanol, DCM and acetone, respectively, and then 
extracted by methanol in a Soxhlet for 24 h, and finally dried 
under reduced pressure at 160 oC for 24 h for further tests. 
Elemental analysis (%) Calcd. for (C36H30)n: C 93.46, H 6.54 
(based on the 3.0 mmol starting material of benzene completely 
reacted with 2.0 mmol C1); found: C 81.56, H 5.71.  
 The same procedure was followed for the synthesis of other 
HCPs (Table 2) and the C, H elemental analysis data for all 
polymers are listed in Table 1. The deviations between 
calculated and found values are expected for such polymers due 
to incomplete combustion and trapped adsorbates including 
catalyst, gases and water vapour within the pore structure, 
which are consistent with the literature reported.9b, 13e, 13i, 16 

Table 1 Elemental analysis data of the polymers. 

Materials 
Calculated (%) Found (%) 
C H C H 

C1M1-Al 
(C36H30)n 

93.46 6.54 81.56 5.71 

C1M2-Al 
(C54H42)n 

93.87 6.13 88.60 5.50 

C1M3-Al 
(C33H24)n 

94.25 5.75 88.46 5.49 

C2M1-Al 
(C42H42)n 

92.26 7.74 86.20 6.46 

C2M2-Al 
(C60H54)n 

92.98 7.02 89.40 6.03 

C2M3-Al 
(C36H30)n 

93.46 6.54 88.46 5.88 

C1M3-Fe 
(C33H24)n 

94.25 5.75 64.88 3.68 

C2M3-Fe 
(C36H30)n 

93.46 6.54 70.86 4.58 

Physical characterization 

Fourier transform infrared (FT-IR) spectra of the MOPs were 
recorded on KBr pellets in the 4000−400 cm−1 range using a 
Perkin−Elmer Spectrum One FT-IR spectrometer. Elemental 
analyses (C, H, and N) were performed on an Elementar Vario 
MICRO elemental analyzer. Solid-state 13C CP/MAS NMR 
were performed on a Bruker SB Avance III 500 MHz 
spectrometer with a 4-mm double-resonance MAS probe, a 
sample spinning rate of 9.0 kHz, a contact time of 2 ms and 
pulse delay of 5 s. A recycling delay of 10 s was used and 4096 
scans were typically acquired for each spectrum. Thermal 
gravimetric analysis data were obtained with a NETZSCH STA 
449C analyzer. All samples and reference (Al2O3) were 
enclosed in a platinum crucible and were heated from 25 °C to 
1000 °C at a rate of 10 °C min-1 under a N2 atmosphere. 
Powder X-ray diffraction (PXRD) patterns were collected on a 
Rigaku-DMAX 2500 diffractometer with Cu Kα radiation 
(λ=1.5406 Å) at a scanning rate of 1° /min for 2θ ranging from 
5° to 60°. Scanning Electron Microscopy (SEM) experiments 
were carried on a JSM 6700 at 10.0 kV. EDS was performed 
using a JSM 6700 microscope. Before measurement, the 
samples were sputter-coated with gold to facilitate conduction. 
Metal elemental analysis was carried out on an Ultima-2 ICP 
emission spectrometer. The textural properties of various 
sorbents were measured by N2 sorption isotherms at 77 K using 
a Micromeritics ASAP 2020 surface area and porosimetry 
analyser. All samples were degassed at 160 °C for 24 h under 
conditions of dynamic vacuum before analysis. The specific 
surface areas for N2 were calculated using the BET model over 
a relative pressure (P/P0) range of 0.05 – 0.15. Total pore 
volumes were calculated from the uptake at a relative pressure 
of 0.995. Pore size distributions were calculated from the 
adsorption isotherms by no-local density functional theory 
(NLDFT) method. N2 adsorption isotherm at 273 K was 
measured in order to evaluate the adsorption selectivity of 
CO2/N2. Hydrogen adsorption isotherms were measured on the 
ASAP 2020 at 77 K and 87 K up to 1.13 bar. Carbon dioxide 
adsorption isotherms were also collected on the ASAP 2020 at 
273 K, 283 K and 298 K, respectively. 
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Results and Discussion 

Synthesis and characterization of HCPs 

We used 1,3,5-tris(bromomethyl)benzene (C1) and 1,3,5-
tris(bromomethyl)-2,4,6-trimehylbenzene (C2) as 3-connected 
cross-linkers to construct a series of porous polymers. The 
polymers were readily obtained in good yields under mild 
reaction conditions by mixing cross-linker, monomer, catalyst, 
dry dichloride methane (DCM), and stirring at 40 °C for 24 h. 
The synthesis route for these polymer networks is present in 
Scheme 1. The resulting precipitate was fully washed three 
times with dilute hydrochloric acid, methanol, acetone and 
DCM, respectively. The product was purified through Soxhlet 
extractor in methanol for 24 h in order to remove all the 
remaining catalyst and monomer. The product was obtained as 
brownish power after dried under reduced pressure at 160 °C 
for 24 h.  

 
Scheme 1. Synthesis route for the HCPs 

 
Scheme 2 Schematic presentation of the  linkage (blue) between the monomers 

as well as the structure of the resulted polymers (C1M3‐Al as an example) 

 We chose C1 or C2 as 3-connected building blocks and 
reacted with 1,3,5-triphenylbenzene (M3) in the presence of 
anhydrous AlCl3 or FeCl3, respectively, to evaluate the effect of 
catalysts on the structural features of the porous polymers. In 
addition, C1 or C2 were reacted with benzene (M1), biphenyl 
(M2), and 1,3,5-triphenylbenzene (M3), respectively, to afford 
six polymers under the catalysis of anhydrous AlCl3 (Scheme 1 
and 2). 
 Theoretically, each bromomethyl group should be converted 
into a methylene bridge by elimination of one hydrogen 
bromide molecule. But in fact, the residual bromine in the 
resulting polymers was found according to Energy Dispersive 
Spectrometer (EDS) (Table S1, Figure S1, ESI†), which 

indicates some bromomethyl groups may remain unsubstituted 
under the investigated reaction conditions. Similar results were 
also reported by other group with residual chlorine or oxygen in 
the HCPs.5, 9a Meanwhile, only relatively small amounts of 
residual iron or aluminium were found in all these networks 
(Table S2, ESI†), indicating that most of the catalysts were 
removed during the workup procedure. 

 
Fig. 1 Experimental 13C CP‐MAS NMR spectra of the polymer networks. Asterisks 

denote spinning sidebands. 

 The power X-ray diffraction measurement showed that all 
the samples were amorphous (Fig. S4, ESI†). The molecular 
details of the samples were confirmed by Fourier transform 
infrared (FTIR) spectroscopy, 13C cross-polarization magic-
angle spinning (CP/MAS) NMR and elemental analysis (EA). 
In the FTIR spectrum of all samples, peaks near 1600, 1500, 
and 1450 cm-1 were attributed to aromatic ring skeleton 
vibrations (Fig. S3, ESI†). The 13C CP/MAS NMR of all tested 
samples are similar to the porous polymers obtained using 
formaldehyde dimethyl acetal (FDA) as cross-linker.13b The 
resonance peaks near 139 and 130 ppm can be easily ascribed 
to the substituted aromatic carbon and non-substituted aromatic 
carbon, respectively. All samples displayed methylene 
resonance peaks near 35 ppm, supporting the formation of 
methylene linker after Friedel-Crafts reaction and indicating the 
presence of the monomer moiety within the polymer network. 
C2-based polymers of C2M1-Al, C2M2-Al and C2M3-Al 
showed strong methyl resonance peaks near 16 ppm (Fig. 1). 
The resonance peaks of different samples revealed a little 
variation according to the character of the monomers and the 
knitting degree.  
 The morphology of the porous polymers was investigated 
by scanning electron microscopy (SEM). The SEM images 
revealed the formation of aggregated nanoparticles for all these 
polymers (Fig. S6-S13, ESI†). The materials were found to be 
stable in most common organic solvents and showed no 
degradation towards humidity. Further analyses of the polymers 
by thermal gravimetric analysis (TGA) showed that all the 
samples were stable up to 300 °C under nitrogen atmosphere 
and retained more than 60-85 % of their mass even at 1000 °C 

Br
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which reflected the significant difference between AlCl3 and 
FeCl3 as catalyst in this case. These data further highlight the 
fact that the porous properties of the resulting polymers are 
synthetically affected by the nature of monomers and catalyst.  
 The highest BET surface area (1783 m2·g-1) and pore 
volume (1.29 cm3·g-1) were obtained for C1M3-Al. The results 
of our work can be comparable to or higher than that of other 
HCPs produced by Friedel-Crafts alkylation (Table 3). The 
porosity in these polymers is controlled not only by the level of 
cross-linking but also by subtle changes in the design of the 
rigid monomer units. 

 Pore size distribution (PSD) for these polymers was 
calculated using nonlocal density functional theory (NLDFT), 
indicating that these networks are filled with a significant 
fraction of micropore less than 10 Å in size (Fig. S5, ESI†). 
Previous studies suggest that only pores less than 10 Å are 
proved to be effective for H2 storage or CO2 capture at low 
pressure since the kinetic diameters of H2 and CO2 are 2.9 and 
3.3 Å, respectively.9b, 16, 19 Thus, an expected excellent 
adsorption performance may be achieved for these materials, 
which inspired us to further study the H2 and CO2 uptake 
abilities of these polymers. 

Table 2 Synthetic condition, surface area and pore volume and gas sorption properties of this series. 

Materials 
Crosslinker 

mmol 
Monomer 

mmol 
SABET 

m2·g-1 
VTotal

a 
cm3·g-1 

VMicro
b 

cm3·g-1 

CO2 uptakec H2 uptaked 
CO2/N2 

Selectivitye mg·g-1 Qst 
kJ·mol-1 

mg·g-1 Qst 
kJ·mol-1 

C1M1-Al C1 (0.5) Benzene (0.75) 688 0.40 0.19 101  8.0   

C2M1-Al C2 (0.5) Benzene (0.75) 609 0.35 0.14 63.6  7.2   

C1M2-Al C1 (0.5) Biphenyl (0.75) 1164 0.73 0.26 150 22.3 14.5 8.5 32.3 

C2M2-Al C2 (0.5) Biphenyl (0.75) 1103 0.98 0.17 112 20.6 12.1 9.1 27.7 

C1M3-Al C1 (0.5) TPB (0.5) 1783 1.29 0.37 181 20.9 19.1 7.9 23.4 

C2M3-Al C2 (0.5) TPB (0.5) 1342 1.06 0.20 128 20.1 14.6 8.1 24.9 

C1M3-Fe C1 (0.5) TPB (0.5) 628 0.62 0.10 67.7  7.3   

C2M3-Fe C2 (0.5) TPB (0.5) 755 0.66 0.13 79.9  9.0   

aPore volume calculated from N2 isotherm at P/P0= 0.95 and 77 K. bMicropore volume calculated from t-Plot method. c273 K and 1 bar. d77 K and 1 bar. e 
IAST-predicted adsorption selectivities at 273 K and 1 bar using a 15:85 CO2:N2 ratio. 

Table 3 Summary of the gas-uptake capacities of various HCPs for H2 and 
CO2 at low pressure. 

Monomer 
Cross-
linker 

SBET
 

m2 g-1 
H2 uptakea 

mg g-1 
CO2 uptakeb

mg g-1 
Ref 

TPBc C1 1783 19.1 181 
this 

work 

TCTd FDAe 913 - 180 14 

TPB FDA 1059 15.8f 159 13b 

1,1’-bi-2-
naphthol 

FDA 1015 - 174 13c 

fluorene BCMBPg 1700 16.3 - 13a 

TPEh FDA 1980 17.6 160 13e 

benzene FDA 1391 14.5f 135 13b 

TPMi FDA 1470 - 130 20 

a77 K and 1 bar. b273 K and 1 bar. cTPB: 1,3,5-triphenylbenzene. dTCT: 
2,4,6-Tricarbazolo-1,3,5-triazine. eFDA: formaldehyde dimethyl acetal. f1.13 
bar. gBCMBP: 4,4’-bis(chloromethyl)biphenyl. hTPE: tetraphenylethylene. 
iTPM: tetraphenylmethane 

 A summary of the H2 and CO2 uptakes for the various 
porous polymers are presented in Fig. 4. All samples show 
significant H2 uptake even though their surface areas are 
moderate, and no saturation was observed in the studied range 
of pressures and temperatures, which indicates that higher H2 
capacity can be achieved by increasing the pressure above 1 
bar. The CO2 uptake of C1M3-Al is up to 181 mg·g-1 at 1 bar 
and 273 K, which is comparable to that of BILP-10 (177 mg g-

1),21 OH functionalized porous organic frameworks (183 mg g-

1),22 and other polymer networks.23 To the best of our 

knowledge, the adsorption capacities of C1M3-Al for CO2 and 
H2 is the highest in the HCPs under similar conditions reported 
so far (Table 3). These data prove that specific surface area, 
molecular structure and chemical character of the resulting 
porous polymers should be optimized in a synergistic way in 
order to enhance the gas uptake capacity. In general, increased 
gas uptake capacities were observed with increased surface 
area, i.e., CO2 and H2 uptakes at 1 bar follow the order of 
surface areas of these polymer networks when same cross-
linker used: C1M3-Al>C1M2-Al>C1M1-Al. The CO2 and H2 
uptake properties of C1-based polymers are better than C2-
based polymers when the same monomer was used. For 
example, C2M3-Al has lower H2 and CO2 uptake capacities 
than C1M3-Al. 
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Fig. 4. Small gas adsorption of the samples at  low pressure.  (a) CO2 adsorption 

isotherms at 273 K; (b) H2 adsorption isotherms at 77 K. 

Isosteric heat of adsorption of CO2 and H2 

To provide a further understanding of the binding affinity of the 
studied porous polymers toward CO2, the isosteric heat of 
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adsorption (Qst) was also calculated from the CO2 isotherms 
measured at 273, 283 and 293 K. The calculated Qst values at 
the initial adsorption stage for C1M2-Al, C2M2-Al, C1M3-Al 
and C2M3-Al are on the scale of 20.1-22.3 kJ·mol-1 (Table 1), 
which are comparable to other HCPs (20-24 kJ·mol-1),9b 
BLPs(20.2-28.3 kJ·mol-1),24 while lower than those 
microporous polymers decorated with functional groups.11c, 25 
The values remain well below the energy of the chemical bond 
suggesting the polymers interact moderately with CO2 
molecules which is desirable for the regeneration of adsorbents. 
The isotherms exhibit relatively steep initial uptakes at low 
pressures which indicates a strong affinity towards H2 gas. The 
H2 Qst values were also calculated from the H2 isotherms 
measured at 77 K and 87 K (Table 1, Fig. 5). At the onset of 
adsorption, the H2 Qst values are 8.5, 9.1, 7.9 and 8.1 kJ·mol-1 
for C1M2-Al, C2M2-Al, C1M3-Al and C2M3-Al, 
respectively, which are higher than other organic polymers such 
as porous polymer networks (PPNs, 5.5-7.6 kJ·mol-1),11a 
polyimide networks (5.3-7.0 kJ mol-1)26 and nitrogen rich 
porous aromatic frameworks (NPAF, 5.2 kJ mol-1).27 The H2 Qst 
of the polymers based on C2 are higher than that of the 
polymers based on C1 when same monomer used, which 
indicates that the introduction of methyl group narrow the pores 
and thus strengthen the interaction between H2 and polymers.  

 
Fig. 5 Plots of the isosteric heat of adsorption (Qst) for CO2 and H2 

 
Fig.  6  IAST  selectivities  of  CO2 over N2 for  binary  gas mixtures  of  15/85 molar 

composition at 273 K 

Gas selectivity studies 

The above results indicate that these porous polymers possess 
the excellent CO2 uptake abilities, which motivate us to further 

investigate the gas selectivity of these networks. N2 adsorption 
experiments of four selected samples with high CO2 uptake 
were carried out at 1 bar to examine the separation capability. 
The single-component gas sorption experiments were first 
carried out on CO2 and N2 at 273 K and pressured up to 1 bar. 
The CO2 and N2 isotherms of all the tested samples show no 
isotherm inflection and are fitting by the single-site Langmuir-
Freundlich equation to get equilibrium parameters, saturation 
capacities and Langmuir constants. The CO2/N2 selectivity was 
predicted using ideal adsorption solution theory (IAST), which 
has frequently been used to predict the behaviour of mixed 
component isotherms based on single component isotherms. 
The IAST calculations were carried out for binary mixture 
containing 15% CO2 and 85% N2 in the typical flue gases, and 
the results are shown in Fig. 6 and the selectivities of the 
polymers for CO2/N2 at 1 bar and 273 K was given in Table 1. 
As shown in Fig. 6, the CO2/N2 selectivities of the four samples 
at 273 K decrease slowly as pressure increase. It is interesting 
that the C1M2-Al in the four samples shows the highest 
CO2/N2 selectivity (32.3 at 1 bar and 273 K), which is higher 
than PPFs (14.5-20.4),28 FCTF-1 (31)29 and NPOF-4 (12),30 but 
lower than those functionalized porous organic frameworks.11c, 

31 In our case, the high BET surface area has not led to the high 
CO2/N2 selectivity, which indicates that CO2/N2 selectivity is 
influenced by a combination of factors of pore structure. An 
ideal adsorbent should be capable of adsorbing a large amount 
of CO2 with a high CO2/N2 selectivity at low CO2 partial 
pressures (< 0.2 bar). Among these polymers, C1M2-Al is the 
good candidate for the balanced CO2 uptake capacity and 
CO2/N2 selectivity. 

Conclusions 

We have successfully synthesized a series of porous polymer 
frameworks with two different tritopic benzyl bromide cross-
linkers and different aromatic monomers through the 
Friedel−Crafts alkylation. The catalyst effect for the pore 
structure has been re-evaluated. A comparative study of gas 
uptake ability shows that the anhydrous AlCl3 is a much more 
effective Lewis acid catalyst than anhydrous FeCl3 and is more 
beneficial in terms of porosity and gas sorption. The BET 
surface area of these polymers is up to 1783 m2g−1. As 
expected, these polymers exhibit exceptionally high H2 uptake 
of up to 19.1 mg·g-1 (77 K and 1 bar), and high CO2 uptake of 
181 mg·g-1 (273 K and 1 bar), which are among the highest 
reported values for HCPs under the same conditions. These 
polymers also exhibit excellent CO2 sorption selectivity, the 
best CO2/N2 (15/85) selectivity calculated by IAST at 273 K 
and 1 bar is up to 32.3 for C1M2-Al. In our case, the gas 
sorption properties depend on the nature of the cross-linker 
used. Due to the inexpensive starting material, the preparative 
strategy exhibits cost-effective advantages and these porous 
polymers are promising candidates for energy applications on a 
larger scale.  
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