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Three carbazole based building blocks with similar propeller-like steric configuration are designed and
synthesized. The polycarbazole networks P-4, 40 -biscarbazolyl-phenyl (P-BCz), P-tetracarbazolyl-pdiﬂuorobenzene (P-TCz) and P-hexacarbazolyl-phenyl (P-HCz) are obtained with high surface areas and
uniform ultramicropores. The aggregation morphologies of networks vary from regular spherical particles, ribbon-like structure to large lamellar structure as the number of carbazole increased around the
benzene ring. The networks P-TCz, with four carbazole decorating on the benzene ring, have the largest
surface area and highest gas uptake ability among the three networks. However, the CO2 and CH4
isosteric enthalpies increased linearly with increasing the number of carbazole. The networks P-HCz with
six carbazole show the excellent CO2/N2 separative capacity (107 at 273 K, and 127 at 298 K), which is
among the highest reported about CO2 separation using organic pore networks. Fine designing and
tailoring the topological structure of monomer can control the adsorption properties and optimize the
gas uptake performance.
© 2015 Elsevier Ltd. All rights reserved.
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1. Introduction
The sharply rising level of atmospheric CO2 resulting from
anthropogenic emissions is one of the greatest environmental
concerns facing our civilization today [1]. The concentration of CO2
in the atmosphere is as high as 392 ppm compared to its preindustrial level of ca. 280 ppm. To stabilize atmospheric CO2 levels
and prevent climatic situation worsening, it is imperative to
develop viable CO2 capture and sequestration (CCS) technologies.
The way of CO2 capture in physical process and utilizing clean
energy source [2] such as hydrogen [3] are of interest to meet the
energy and environmental demands. Physical adsorption of CO2
relying on microporous organic polymers (MOPs) is potential
candidate for CO2 capture due to the large speciﬁc surface area,
narrow pore size distribution and high chemical and thermal
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stability of MOPs, which will provide a less energy penalty and cost
associated with state-of-the-art gas uptake application.
Conjugated microporous polymers (CMPs) as a sub-family of
MOPs can be prepared by versatile synthetic methods with an
amorphous three-dimensional framework [4]. The unique feature
of CMPs is that they combine the stiff pore skeleton and
extended conjugated p-electron system in one bulk material
which has been proved to be invaluable tools in the ﬁelds of
gas storage [5], catalysis [6], and advanced applications in
organic electronics and luminescent sensors [7]. In the past
few years, significant research efforts have been focused on
the development of novel CMPs for gas storage. The new
CMPs such as polyﬂuorene microporous polymers had
BrunauereEmmetteTeller (BET) areas from 450 to 1043 m2 g1
and the highest CO2 uptake reached to 12 wt% at 1.0 bar, 273 K
[8]. Nishikyo-ku reported the tetrasubstituted [2.2] Paracyclophane CMPs with BET areas from 840 to 956 m2 g1 [9].
Ying Mu reported the MCTFs with the BET from 640 to
1510 m2 g1 showing excellent CO2 uptake capacity up to 13.9 wt
% at 273 K and 1 bar. Recently Jiang reported the bifunctionalized
conjugated microporous polymers for high CO2 capture [10] and
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Cooper reported through post-synthetic modification to promote
the conjugated microporous polymers for CO2 storage [11].
In addition to CO2 storage, selectivity capacity is another crucial
parameter for CO2 capture materials. As we know, the ﬂue gas
contains about 70% N2 (post-combustion CO2 capture), usually the
high CO2 over N2 selectivity can help to concentrate the CO2
together. As to the natural gas, the existence of CO2 in it can reduce
the energy density, so the effective selectivity of CO2 over CH4 is
essential in practical application. Efﬁcient CO2 adsorption/separation depends on the high surface area, narrow pore structure, and
different chemical functionality of the material. The building blocks
of CMPs show great inﬂuence on the above three parameters, thus,
to design or select the speciﬁc conﬁguration of initial building block
is the key issue for gathering CO2. Based on the above consideration, we have designed and synthesized three novel ultramicropores polycarbazole CMPs for gas storage and separation [12].
The carbazole based three initial building blocks 4, 40 -biscarbazolyl-phenyl (BCz), tetracarbazolyl-p-diﬂuorobenzene (TCz) and
hexacarbazolyl-phenyl (HCz) have the similar propeller-like
3-dimensional (3D) steric conﬁguration, and the polycarbazole
networks have been straightforward synthesized by FeCl3 oxidative
coupling polymerization. The gas adsorption results show that the
performance of the polycarbazole networks have close relationship
with the molecular structures.
2. Experimental section
2.1. Materials and synthesis
1,4-Dibromobenzene, 2,2'-bipyridine, 1,10-phenanthroline, sodium hydride (NaH), hexaﬂuorobenzene were obtained from
Aldrich. K2CO3 and CuI were purchased from J&K. All the solvents
were obtained from Acros Chemical Co., unless otherwise speciﬁed
they were used as received. Anhydrous chloroform was distilled
over sodium/benzophenone and calcium hydride under N2 prior to
use. BCz, TCz and HCz were synthesized according to the literature
methods [13]. The details of synthesis were shown below.
2.1.1. 4,40 -biscarbazolyl-phenyl (BCz)
A mixture of 1, 4-dibromobenzene (2.82 g, 12 mmol), carbazole
(5.00 g, 30 mmol), K2CO3 (9.95 g, 72 mmol), CuI (5.71 g, 30 mmol),
2, 2'-bipyridine (0.005 g), 1, 10-phenanthroline (0.005 g) were
dissolved in 1, 2-dichlorobenzene (10 mL) under argon protection
and shielded from light with tin foil, the mixture then was stirred at
180  C for 24 h. After the solution cooled to room temperature, the
mixture was diluted by CH2Cl2 and ﬁltered to remove CuI. The
ﬁltrate was removed by rotary evaporation, and the residue was
puriﬁed by column chromatography (petroleum ether/dichloromethane, 3:1) to give white solid BCz (2.48 g, 51%). 1H NMR
(600 MHz, CDCl3): d (ppm) 8.20-8.18 (d, 4H), 7.82 (s, 4H), 7.58-7.56
(d, 4H), 7.49-7.47 (t, 4H), 7.35-7.33 (t, 4H). 13C NMR (150 MHz,
CDCl3): d (ppm) 140.76, 135.68, 128.38, 126.13, 123.57, 120.46,
120.28, 109.75.
2.1.2. Tetracarbazolyl-p-diﬂuorobenzene (TCz)
Carbazole (1 g, 6 mmol) in 10 mL of dry dimethyl formamide
(DMF) was added 60% NaH (7 mmol) under argon at room temperature and shielded from light with tin foil, the mixture then was
stirred for 30 min and hexaﬂuorobenzene (0.27 mg, 1.5 mmol)
dissolved in 10 mL DMF was slowly added. The mixture was stirred
at 60  C for 2 h and then cooled to room temperature. The reaction
was quenched by water and then the mixture extracted with
CH2Cl2. The organic extract was washed with water and dried over
Mg2SO4. The solvent was removed by rotary evaporation, and
the residue was puriﬁed by column chromatography (petroleum
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ether/dichloromethane, 3:1) to give white solid (0.9 g, 75%). 1 H
NMR (600 MHz, CDCl3): d (ppm) 7.80-7.77 (d, 8H), 7.26-7.24 (d, 8H),
7.13-7.09 (t, 16H). 13 C NMR (150 MHz, CDCl3): d (ppm) 138.96,
125.67, 124.78, 124.68, 124.01, 120.88, 120.09, 109.91. MS, m/z: calcd.
for C54H32F2N4 774.86; found [MþH]þ 775.2.
2.1.3. Hexacarbazolyl-phenyl (HCz)
Carbazole (1 g, 6 mmol) in 10 mL of dry DMF was added 60% NaH
(48 mmol) under argon at room temperature and shielded from
light with tin foil, the mixture then was stirred for 30 min and
hexaﬂuorobenzene (0.18 g, 1 mmol) dissolved in 10 mL DMF was
slowly added. The mixture was stirred at 80  C for 12 h and then
cooled to room temperature. The reaction was quenched by water
and the precipitate was collected to give white solid HCz (0.6 g,
56%). 1 H NMR (600 MHz, CDCl3): d (ppm) 7.34-7.33 (d, 12H), 7.237.21 (d, 12H), 6.77-6.75 (t, 12H), 6.68-6.61 (t, 12H). MS, m/z: calcd.
for C78H48N6 1068.26; found [MþH]þ 1069.40.
2.1.4. Network of P-4,40 -bis(carbazol-9-yl)-phenyl (P-BCz)
The solution of monomer BCz (200 mg, 0.49 mmol) dissolved in
30 mL of anhydrous chloroform was dropwise transferred to a
suspension of ferric chloride (476 mg, 2.94 mmol) in 20 mL of
anhydrous chloroform. The solution mixture was stirred for 24 h at
room temperature under nitrogen protection, and then 100 mL of
methanol was added to the above reaction mixture. The resulting
precipitate was collected by ﬁltration and washed with methanol,
H2O2 and concentrated hydrochloric acid solution. After extracted
in a Soxhlet extractor with methanol for 24 h, and then with
tetrahydrofuran (THF) for another 24 h extraction, the desired
polymer was collected (brownish powder, 90% in yield) and dried in
vacuum oven at 80  C overnight. Calcd. C30H20N2: C, 88.21%; N,
6.86%; H, 4.93%; Found: C, 86.06%; N, 6.58%; H, 4.27%.
2.1.5. Network of P-tetracarbazolyl-p-diﬂuorobenzene (P-BCz)
The same procedure with P-BCz network gave brownish powder, yielding 99%. Calcd. C54H32F2N4: C, 83.70%; N, 7.23%; H, 4.16%;
Found: C, 70.85%; N, 4.11%; H, 3.46%.
2.1.6. Network of P-hexacarbazolyl-phenyl (P-HCz)
The same procedure with P-BCz network gave brownish powder, yielding 94%. Calcd. C78H48N6: C, 87.62%; N, 7.86%; H, 4.52%;
Found: C, 84.45%; N, 5.90%; H, 4.24%.
2.1.7. Instrumentations
1
H and 13C NMR spectra were recorded on a Bruker AV 600M
spectrometer with tetramethylsilane (TMS) as the internal reference. FT-IR spectra were collected in attenuated total reﬂection
(ATR) mode on a Thermo Nicolet 6700 FT-IR spectrometer. Scanning electron microscopy (SEM) was recorded using a Hitachi
S-4800 with acceleration voltage 3 kV, and samples were coated
with a thin layer of Au before investigation. Thermogravimetric
analysis (TGA) was carried out using a SDT Q600 V20.9 Build with a
temperature ramp of 10  C min1 from 20  C to 800  C. X-ray
diffraction (XRD) data were recorded on a Rigaku model RINT
Ultima III diffractometer by depositing powder on glass substrate,
from 2q ¼ 5 up to 60 with 2 step increment. For gas adsorption
test, the two networks were degassed at 120  C for 800 min under
vacuum before analysis. BET surface areas and pore size distributions of P-BCz, P-TCz and P-HCz were measured by nitrogen
adsorption-desorption at 77 K. H2 isotherms were measured at
77 K, up to 1.1 bar. CO2, CH4 and N2 isotherms were measured at
273 K and 298 K up to 1.1 bar. All the gas adsorption isotherms were
tested on a Quantachrome Instruments Autosorb-iQ-MP-VP volumetric adsorption analyzer with the same degassing procedure.
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3. Results and discussion
Three conjugated ultramicropores polycarbazole networks PBCz, P-TCz and P-HCz were straightforward synthesized by FeCl3
oxidative coupling polymerization shown in Scheme 1. Two
carbazole linked monomer BCz was prepared by copper catalytic
Ullmann reaction with the core of benzene ring to form the double
impeller like geometrical conﬁguration. Four and six carbazole
linked monomer TCz and HCz were prepared by base catalysis
(NaH) to obtain four and six impeller like initial units. The rigid
fused ring of carbazole is beneﬁcial for formation of polymers with
permanent porosity stability, and the N-containing structure can
increase CO2-framework interactions by means of the dipoleequadrupole interactions. The CO2-philic functional groups, also
is in favour of CO2 selectivity. In addition, the well-known highly
reactive oxidation coupling in the 3, 6-site of carbazole promoted
the polymerization process smoothly under mild conditions and
gave high yield.
More detailed analysis of the structures of the polymers were
confirmed by FT-IR spectra (Fig. 1). One can observe with the
number of carbazole increasing the absorption peaks turned broad,
indicating the higher degree of crosslinking was obtained as the
polymerization branches increasing from four to eight and even
twelve. The signals at 744, 1224, 1469 and 1608 cm-1 are assigned to
characteristic bands of carbazole. The structures of polycarbazole
were examined by solid state magic angle spinning 13C CP/MAS
NMR spectra and the corresponding assignments of the resonances
are shown in Fig. S1. The N-substituted phenyl carbon has been
confirmed by the characteristic resonance with a corresponding
peak at around 145 ppm, and the overlapping signals from 121 to
137 ppm belong to the other aromatic sp2 carbons in backbone. To
investigate the thermal stabilities of the polycarbazole networks,
thermogravimetric analysis (TGA) measurements under nitrogen

atmospheres were conducted in the range from 25  C to 800  C
(Fig. S2). The networks exhibit excellent heat resistance with
decomposition temperatures (Td50) up to ca. 583  C for P-TCz and
560  C for P-HCz at 50 wt% weight loss, indicative of good thermal
stability. The small weight loss observed at the initial stage is due to
the residual solvents inside the micropore. Scanning electron microscopy images (Fig. 2) show that P-BCz, P-TCz and P-HCz have the
different aggregation morphologies. It is interesting that P-BCz is
regular spherical particles, P-TCz is ribbon-like networks and P-HCz
is large lamellar structure, which means that the steric conﬁgurations of monomers have signiﬁcant effect on the morphologies of
the target networks. To further investigate the morphologies, the
powder X ray diffraction (P-XRD) was used and the results show
that the three polycarbazole networks are amorphous aggregation
and there is no any crystalline phase (Fig. S3).
3.1. N2 gas sorption analysis
The porosity properties of three polycarbazole were measured
by adsorption analysis using nitrogen as the probe molecule at 77 K
shown in Fig. 3a. The isotherms demonstrate steep rise in nitrogen
uptake at the relative pressure (P/P0) less than 0.01, indicating
significant microporosity in the obtained networks. According to
the IUPAC classiﬁcation, the three polycarbazole networks exhibited a combination of type I and II nitrogen sorption isotherms [14].
When the BrunauereEmmetteTeller (BET) model is adopted to
calculate the apparent surface area, the values of P-BCz, P-TCz and
P-HCz networks are 640, 1109 and 790 m2 g1, respectively. It is
interesting that under the same polymerization process, as the
number of carbazole decorating on the benzene ring increased, the
BET surface area of the polycarbazole increased ﬁrstly and then
decreased. This is probably because the existence of carbazole
molecules not only changed the geometrical conﬁguration of the

Scheme 1. Synthetic routes towards the networks of P-BCz, P-TCz and P-HCz.
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Fig. 1. FT-IR spectra for P-BCz, P-TCz and P-HCz networks were collected in attenuated total reﬂection (ATR) mode.

Fig. 2. Field-emission scanning electron microscopy images (x 50.0 K).

monomer, but also the solubility during the polymerization process. As a result, less extended networks were obtained. The BET
surface area of P-TCz networks is comparable to other reported
conjugated polymers, such as CMP series is 512e1018 m2g-1 [15],
HCMP series is 827e842 m2g-1 [16], pyrene is 505 m2g-1 [17],
porphyrin is 1270 m2g-1 [18], spiro-ﬂuorene is 450e1000 m2g-1
[19]. The porosity structural parameters of the three polycarbazole
networks are shown in Table 1. To get an accurate comparison of the
number of carbazole inﬂuencing on the pore size distribution
(PSD), the quenched solid density functional theory (QSDFT) was
employed and the result are shown in Fig. 3b. The obtained polycarbazole networks exhibited narrow pore distribution and the
domain pore width centered at 0.52 nm and 0.54 nm which located
in the ultramicropore range. P-HCz shows the apparent mesoporous characteristic at 4.1 nm. It is consistent with the analysis of
N2 adsorption isotherms at relative high pressure range (P/P0 > 0.8,
Fig. 3a). The pore size distribution gives a strong evidence that the
domain pore of the networks is highly depending on the degree
of crosslinking inside the bulk. The N2 adsorption results

demonstrated there are trade-off among the monomer steric
conﬁguration, solubility and the BET surface areas. Under the same
polymerization process, slightly structural change of the building
block will have signiﬁcant effect on the BET surface areas, but little
effect on the pore size distribution. It shows that ﬁne tailoring the
twist angle between the carbazole and benzene ring core could
regulate the target networks with different porosity parameters.
3.2. Hydrogen storage
Hydrogen, owing to their zero emission and high caloriﬁc value
of combustion, is a good candidate as the new pollution-free fuel
which has gained great interests nowadays. The bottleneck problems of its application are the storage and transportation resulting
from its nature of lightweight and fast diffusion speed. Polycarbazole P-BCz, P-TCz and P-HCz with high BET surface area,
ultramicropores and electron-rich system are good candidates for
gas sorption and storage. The U. S. Department of Energy has set
storage targets of 4.5 wt% per 28 g L1 (2010) and 5.5 wt% per

Fig. 3. (a) N2 adsorptionedesorption isotherms of the P-BCz, P-TCz and P-HCz networks were measured at 77 K. (b) Pore size distributions were calculated by application of
quenched solid density functional theory (QSDFT).
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Table 1
Porosity structural parameters of networks P-BCz, P-TCz and P-HCz networks.
Networks
[units]
P-BCz

SBET [m2g1]a

640

Slang [m2g1]

740

Vmic [cm3 g1]b

0.25

VTol [cm3 g1]c

0.85

Domain pore
size [nm]

CO2/CH4
273 K

298 K

CO2/N2

0.52, 1.00

2.5

2.6

273 K

298 K
9.4

18.2
P-TCz

1109

1275

0.43

1.31

0.54, 1.00

6.6

5.0

36.5
35.8

P-HCz

790

938

0.30

1.20

0.54, 1.10

5.6

7.7

127
106.5

a
b
c

BET surface area calculated based on nitrogen adsorptionebranch isotherm using the relative pressure range P/P0 ¼ 0.05e0.15.
Microporous volume was calculated at P/P0 ¼ 0.10.
Total pore volume was calculated at P/P0 ¼ 0.99.

40 g L1 (2015) for hydrogen fuel cell vehicles [20]. The H2 sorption
isotherm of P-BCz, P-TCz and P-HCz networks was measured at 77 K
up to 1.1 bar (Fig. 4), which showed 1.14 wt%, 1.65 wt% and 1.25 wt%,
respectively. The H2 uptake ability was linearly related to the BET
surface areas and total porous volume (Table 1). The H2 adsorption
isotherms showed that no saturation will be achieved in this condition, which means more storage capacity can be expected at high
pressure condition. In the low pressure range, polycarbazole
skeleton exhibits favorable interaction with the H2 molecules,
suggesting the importance of ultramicropore structure and
electron-rich system for gas adsorption which is the unique nature
of conjugated polymers compared with other porous organic
polymers. The H2 uptake of P-TCz network is among the highest
reported CMPs, such as PAF-1 (1.5 wt%) [21], CMP-2 (0.91 wt%) [15],
polyanilines (0.85 wt%) [22], and PPN-3 (1.58 wt%) [23].
3.3. Carbon dioxide and methane
To compare the effect of the initial building blocks of P-BCz,
P-TCz and P-HCz on gas adsorption, CO2 adsorption isotherms were
collected at 273 K and 298 K up to 1.1 bar and the results are shown
in Fig. 5a. The emission of CO2 due to the combustion of fossil fuels
is one of the major sources for the accumulation of CO2 in the
atmosphere. In most industries, aqueous amine-ammonia solution
is used to separate large scale CO2 relying on the chemical
adsorption. The downside of this process is that it has severe
corrosion problem and high energy consumption. While the CO2
capture and storage relying on physical adsorption in MOPs is a
promising method to deal with the problem of excessive CO2
emission, because of the physicochemical stability and lower
regeneration energy penalty of the MOPs [24]. The CO2 sorption

isotherms show no hysteresis and the process are reversible in all
case. At 273 K and 1.1 bar, the CO2 uptake capacity of P-BCz, P-TCz
and P-HCz can be up to 9.27, 16.02 and 9.41 wt%. As to 298 K and
1.1 bar, the CO2 uptake capacity are 5.14, 8.68 and 4.40 wt%,
respectively. The isosteric enthalpies (Qst) of P-BCz, P-TCz and PHCz networks are calculated to be 38.10, 44.12 and 37.90 kJ mol1 at
zero loading based on Clausius-Clapeyron equation (Fig. 5b). The
Qst of the three networks are higher than most of the CMPs
reported, such as PPN-6-SO3H (30.4 kJ mol1) [25], BILP-10
(38.2 kJ mol1) [26], PECONF-4 (34 kJ mol1) [27], and acidfunctionalized CMP-1-COOH (32.6 kJ mol1) [28]. The high Qst
may be ascribed to the ultramicropores and nitrogen-containing
surface of polycarbazole networks. The dipoleequadrupole interaction between CO2 and the wall of ultramicropores, and the Lewis
acidebase interaction between CO2 and polycarbazole are the main
forces for the high Qst [29e31]. It is interesting when the loading
more than 0.25 mmol g1, all the Qst almost remains stable and
keeps the order Qst-P-HCz > Qst-P-TCz > Qst-P-BCz with regard to
the number of carbazole decorating on the benzene ring.
Natural gas has the potential to replace petroleum as the world's
primary fuel for transportation. Methane is the main composition
of nature gas which is available in large quantities and environmentally preferable than other hydrocarbons. Physical adsorption
of methane onto a support at low pressure in principle can provide
a safe and economical approach for energy densities storage comparable to compressed gas. The volumetric storage target for
methane set by the U.S. Department of Energy is 180 v/v at 35 bar
and 298 K. The methane isotherms of the networks are shown in
Fig. 6a. The CH4 uptake values of P-BCz, P-TCz and P-HCz networks
are 1.46, 2.00 and 1.34 wt% at 273 K, 1.1 bar, at 298 K and 1.1 bar are
0.81, 0.83 and 0.26 wt%, respectively. As the loading increasing, the
variation trend of Qst was Qst-P-HCz > Qst-P-TCz > Qst-P-BCz and
almost consistent with that of CO2 (Fig. 6b).
3.4. Selectivity of CO2/CH4 and CO2/N2

Fig. 4. H2 adsorption isotherms of P-BCz, P-TCz and P-HCz networks at 77 K.

In order to deeply understand the relationship of structure and
performance, the gas selectivity of the three polycarbazole networks was further investigated. Apart from the adsorption capacity, the ability of selective adsorption of CO2 from other gases
like CH4 (natural gas) and N2 (ﬂue gas) is vitally important. The
CO2/CH4 and CO2/N2 selectivity was estimated using the ratios of
the Henry law constants calculated from the initial slopes of
the pure component isotherms at low pressure range shown in
Fig. 7 and the data are summarized in Table 1. One can observe
that as the number of carbazole decorating on the benzene
ring increasing, both selectivity of CO2/CH4 and CO2/N2 increased
(S-P-HCz > S-P-TCz > S-P-BCz). P-HCz shows the highest separate
ability than P-BCz and P-TCz in this system. At 273 K and 298 K,
the selectivity of CO2/N2 can be up to more than 100, which is
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Fig. 5. (a) CO2 adsorption isotherms of P-BCz, P-TCz and P-HCz networks at 273 K and 298 K. (b) The variation of CO2 isosteric enthalpies with the CO2 adsorbed amount.

Fig. 6. (a) CH4 adsorption isotherms of P-BCz, P-TCz and P-HCz networks at 273 K and 298 K. (b) CH4 isosteric enthalpies variation with the adsorbed amount.

comparable to the highest reported pore materials, such as APOP1-F (43.4 at 273 K) [32], BILP-2 (71 at 298 K) [27] and O-TTPP (50.7,
273K) [12a].
4. Conclusions
Three rigid carbazole based conjugated microporous networks
P-BCz, P-TCz and P-HCz were designed and prepared by oxidative
polymerization. Although the three initial building blocks have the
similar propeller-like steric configuration, the obtained networks
exhibit signiﬁcant difference in aggregation morphologies. P-BCz
is regular spherical particles, P-TCz is ribbon-like networks and
P-HCz is large lamellar structure. The obtained three networks

show uniform pore distribution and remarkable ultramicropores
centered around 0.54 nm H2, CO2 and CH4 isotherms showed the
P-TCz with four carbazole has higher gas uptake ability than P-BCz
and P-HCz. As the gas molecules loading increased, the isosteric
enthalpies of the three networks are in line with the number of
carbazole units decorating on the core of benzene ring in the
building blocks. The selectivity of CO2/N2 for the three networks
was increased with the number of carbazole increasing, and the
P-HCz shows the selectivity more than 100, which is among the
highest reported CMPs. The recognition of such an important
structureefunction relationship can certainly guide future work
aimed at obtaining organic microporous networks with perfect gas
uptake capability.

Fig. 7. Initial gas uptake slopes of the P-BCz, P-TCz and P-HCz networks for CO2/CH4 and CO2/N2 at (a) 273 K and (b) 298 K.
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