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Engineering porosity and surface functionalization in nanoporous organic polymers remain challenging.

Here we achieve the control over the porosity as well as the pre-functionalization of pore walls of a

carbazole-modified polytriazine framework by the introduction of three different appended functional

groups (methyl, ethyl acetate and phenyl). All the synthesized nanoporous organic polytriazines (NOPs)

display good thermal stability, high BET surface areas. The phenyl-anchored framework (NOP-21)
exhibits the highest CO, capacity (12.3 wt% at 273 K/I bar) and isoteric heats value (Qg, 37kJ/mol).
Besides, the highest selectivity based on ideal adsorbed solution theory (IAST) model at 273K was
amazingly observed for the ethyl acetate-appended framework (NOP-20): CO,/N, 81 (273K, 1.0 bar),
because of uniform ultramicropores through pore engineering. These results suggest a good feasibility for

constructing high performance organic porous CO, sorbents by controlling porosity.

Introduction

Carbon capture and storage (CCS), which has been widely
regarded as one of the most challenges in the 21 century, has
become a political and technological priority.'! Up to now,
absorption by monoethanol amine solution is the most widely
adopted method for its uniqueness toward CO, due to chemical
bonding force.'™* However, it suffers from considerable energy
penalty required for the CO, release for sequestration and
regeneration of the amine solution.’> A promising alternative is
porous solid due to its vander wals interaction between sorbent
and guest along with low energy requirements.”

Various porous adsorbents have been considered for CO,
separation and capture, including metal-organic frameworks
(MOFs), activated carbons, microporous zeolites and nanoporous
organic polymers (NOPs).*>> MOFs which have been widely
studied due to their extremely high surface areas, typically
display a very high capacity to adsorb CO, at high pressures (10-
50 bar).**® As a new emerging solid sorbent, NOPs hold the
greatest potential for commercial use due to their tailored pore
size, low cost, high porosity, and superior thermal/chemical
stabilities.” Currently, PPN-4% presents an impressive CO,
capacity of 1710 mg/g at 50 bar and 298K which is slightly less
than the reported uptake of MOFs to date (1760 mg/g for MIL-
101 (Cr) at 50 bar,’ 2043 mg/g for MOF-210 at 55 bar'® and 2043
mg/g for NU-100 at 40 bar)."' The incredible uptake capacity for
porous benzimidazole-linked polymers BILP-4 is up to 23.5 wt%
under the atmospheric pressure and 273 K,'? and this value is
notably higher than MOFs and zeolites at the same condition,*?
Noted that perfluorinated covalent triazine-based framework
FCTF-1-600 represents the highest CO, capacity of 24.3 wt% at

Ibar and 273K reported for any porous organic polymer-based
sorbents under the same conditions.'* There are, however, only a
few porous organic frameworks that simultaneously exhibit

so significant CO, uptake and CO,-over-N, selectivity at the

pressures and temperatures relevant for post-combustion capture
of CO,."” Therefore, the design and synthesis of porous organic
frameworks with high CO, uptake and selectivity under ambient
conditions remain ongoing challenges.'® To our best knowledge,

ss a successful adsorbent for CCS means suitable interactions of

guest molecules with the adsorbent walls which point the
isosteric heat of adsorption (Q), along with high CO,/N,
selectivity.!” Several factors should be taken into account for a
high performance CO, sorbent. Firstly, the acceptable binding

6 energy between host and guest CO, molecule should enable a

strong but reversible adsorption—desorption.'® Typically, the
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NPTF-1 (R=H)
NOP-19 (R=CHs)
NOP-20 (R=EtOAc)
NOP-21 (R=Ph)

Scheme 1 Schematic representation of the synthesis of NOPs
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incorporation of nitrogen-rich polar moieties (such as triazine,
and carbazole) into porous frameworks which endow them with
strong affinity can improve isosteric heat between the framework
and guest molecule by significantly promoted dipole-quadrupole
interaction."” Secondly, studies have shown that only pores
smaller than 1 nm are effective towards CO, capture at
atmospheric pressure.”’ It seems even more difficult to achieve
polymer solids with regular ultramicroporous structure besides
the obstacles associated with the introduction of polar surface
functionality areas.’'

9-H-carbazole known for its good electro-activity, is an
attractive molecular building block for the construction of
nanoporous organic polymers possessing special functions and
properties due to the advantages of nitrogen abundance, low cost
and facility to tailor-made functionalities.'®'**4?2 A typical
example is microporous polycarbazole CPOP-1 which presents
an extremely high CO, uptake (21.2 wt%) and selectivity (25).'"
Our previous study showed that NPTF-1 modified by carbazole
also displayed a comparable capacity and a high selectivity
(45).% In this paper, carbazole was chosen as a starting monomer
and by applying the ionothermal method, a series of nanoporous
organic polytriazines (NOPs) containing carbazole-moieties and
different functional appended groups were synthesized
successfully. To maintain a balance between maximizing the CO,
uptake and achieving high selectivity for polar NOP adsorbents,
we chose functional groups such as methyl, ethyl acetate and
phenyl to fulfil controlling the porosity. It contains two aspects:
(i) tailoring pore size to obtain polymer solids with uniform
micropores; (ii) optimizing surface polarity to achieve sorbents
that interact moderately with CO, molecules.

Experimental Section
General synthesis procedure for NOPs.

NOP-19. NOP-19 was synthesized by heating a mixture of the
3,6-dibromo-9-methylcarbazole (1.0 g, 4.3 mmol) and ZnCl, (5.9
g, 43 mmol) in a quartz tube (3 x 10 cm).® The tube was
evacuated to a high vacuum, and then sealed rapidly. Followed by
a temperature program (250°C/10h, 300°C/10h, 350°C/10h,
400°C/20h), the quartz tube was cooled to room temperature, and
the reaction mixture was ground and then washed thoroughly
with water to remove most of the catalyst. The crude product was
stirred in diluted HCI for 15 h to remove the residual salt. The
resulting black powder was filtered, and washed successively
with water and methyl alcohol, followed by Soxhlet extraction
overnight using acetone, methyl alcohol and hexane as eluting
solvent sequentially, and dried in vacuum at 150 °C. Yield: 93%
NOP-20. The synthesis method of NOP-20 was almost the same
as for NOP-19, and a black solid was obtained starting from
ethyl-2-(3,6-dicyano-9H-carbazol-9-yl)acetate. Yield: 90%.
NOP-21. The synthesis method of NOP-21 was almost the same
as for NOP-19, and a black solid was obtained starting from 3,6-
dicyano-9-phenylcarbazole. Yield: 94%

Result and discussion

Synthesis routes for the three aromatic cyanide monomers with
carbazole moieties are outlined in Scheme S1 (ESIt). The starting
compound 3,6-dibromo-9H-carbazole was electrophilically
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substituted in position of 9H by methyl, ethyl acetate and phenyl,
respectively, and then the obtained intermediates reacted with
CuCN to readily give the precursors. Followed by trimerization
of aromatic nitriles, NOP-19, NOP-20 and NOP-21 were
coincidently obtained as black monolithic materials in almost
quantitative yields (Scheme 1). The chemical structure of the
aromatic dinitriles was confirmed by FTIR, '"H NMR as well as
GC-TOF/MS (Fig.S1-S9, ESI}). All obtained polymer networks
are insoluble in boiled water as well as common organic solvents
such as hexane, methanol, acetone, chloroform, THF and DMF,
indicating their good chemical stability. The polymerization
reaction for NOP-19~21 can be monitored by FTIR spectroscopy
(Fig.S1-S3, ESIf). The almost disappearance in the intense C=N
band around 2238 cm ' along with the emergence of strong
triazine absorption bands around 1477 (C=N), 1350 (C-N) and
800 cm ' suggest a high degree of crosslinking. Elemental
analysis (Tab.S1, ESIt) gives a much lower nitrogen content and
concomitantly a much higher C/N ratio than the theoretically
calculated values. This indicates that the part of the nitrogen has
been lost during the polymerization due to decomposition
(Scheme S2, ESIf). Thus, a significant amount of nitriles
cleavage of the weakest Ar-CN bonds has to be taken into
account.*?  Concerning thermal stability of the obtained
frameworks, thermogravimetric analysis (TGA) (Fig.S10, ESIY)
shows that the decomposition starts at a temperature of 450 °C
under the air atmosphere, suggesting a good thermal stability. To
specific up, NOP-20 starts to degrade under 180 °C, which should
be attributed to the partial decomposition of ethyl acetate groups.
The framework body parts rapidly degrade under extremely high
temperatures of around 500 °C, and then the TGA curve settles
down steadily, and reveals approximately 4.9 wt% residual
ZnCl,.

Morphologies are evaluated by scanning electron microscopy
(SEM, Fig.S11-S13, ESIt). All the polymer samples are
aggregates of uniform and compact microgel particles of the size
of 100-200 nm. Additionally, the microstructure was studied by
high-resolution transmission electron microscopy (HR-TEM) and
powder X-ray diffraction (PXRD). Alternately, a dark and bright
area can be clearly observed from HR-TEM images (Fig.S14-S16,
ESIt), implying a porous structure. The powder X-ray diffraction
spectrums (Fig.S17-S19, ESIY) are featureless indicating an
amorphous nature. Pore structure of the resultant networks was
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Fig.1 N, sorption isotherms of NOPs at 77 K

2 | Journal Name, [year], [vol], 00—-00

This journal is © The Royal Society of Chemistry [year]

Page 2 of 7



Page 3 of 7 Journal of Materials Chemistry A

explored by nitrogen sorption experiments at 77 K after fully out-
gassed at 200°C for 12 h. As shown in Fig.1, similar to NPTF-1,

NOP-19~21 exhibit a sharp uptake in the low pressure region o 0'08-.
(P/Py<0.001), implying a microporous property, and another "’E 0-07'_ —a— NOP-19
s relative steady rise phase range from 0.2 to 0.8 corresponding to 2 0.06 —a— NOP-20
the presence of mesopores.”® However, not surprisingly, the _‘é 0.05] —e— NOP-21
sorption isotherms of NOPs modified by different side-groups —2 ]
demonstrate great changes relative to NPTF-1. As depicted, the i 0'04-,
isotherms for NOP-20 and NOP-21 are almost completely ;5_ 0-03'.
10 reversible, while the sorption isotherm of NOP-19 modified by = 0.024
methyl group exhibits a hysteresis loop which can attributed to E 0.0 1]
the softness of organic polymer skeleton and swelling effect in E ]
critical nitrogen. NOP-20 shows an significant increase of E 0.00+
nitrogen uptake over 0.8 (P/Py), suggesting the presence of - 0 ) 2'0 ' 4'0 ) 6.0 ' 8I0 ) 100
1s macroporous structure which can be interpreted as the inter- Pore Width (A)
particulate voids arising from the loose packing of small particles o Fig. 2 NL-DFT pore size distribution curves of NOPs
as observed in the SEM micrographs.?’ According to IUPAC, the )
isotherms for NOP-19 and NOP-21 could be classified as Type Micropore volume (total pore volume) was calculated from

single-point measurements at 0.1 (0.9) bar and detected to be 0.33

(0.58), 0.28 (1.00), and 0.22 (0.33) cm’/g for NOP-19, NOP-20,

and NOP-21, respectively. The total pore volumes basically
os follow the order of the volume of appended functional groups:
NOP-20 (1.00 cm®/g) > NPTF-1 (0.93 cm’/g) > NOP-19 (0.58
cm’/g) > NOP-21 (0.33 cm’/g). This observation acts in
accordance with previous reports on the fact that pore volumes of
the networks become smaller when the functional side-groups in
the pore surface are getting huger.'**® The only exception is that
NOP-20 functionalized by ethyl acetate demonstrates a higher

IV isotherm which suggest the obtaind frameworks are
20 microporous materials with supererogatory mesoporosity. The
isotherm for NOP-20 presents small degree of hysteresis upon
desorption, implying that the isotherm is Type I with some Type
IV characteristics which account for relatively mesoporous
dominating this material. The apparent surface areas calculated
25 from Brunauer-Emmett-Teller (BET) models for relative pressure
between 0.01 and 0.1 were shown in Table 1. The determined
BET surface areas of NOPs decrease with the increasing size of
the appended groups. NOP-19 has the highest surface area of 982

m%g, followed by 952 mg for NOP-20 and 565 m?/g for NOP- to.tal.por'e volume than NPTF-'I, possibly b.e.cause of the broad
o1 distribution caused by the partial decomposition of ethyl acetate

groups under high temperature. Notably, NOP-21 has the lowest
total pore volume of 0.33 cm3/g, while the V,/V,: was the
highest of 70% (57% and 28% for NOP-19 and NOP-20). In this
case, we consider that the high micropore content of NOP-21

-
S

30
Pore size distribution was estimated by fitting the nitrogen
uptake branch of the isotherms with Non-local density functional
theory (NLDFT), indicating that a significant fraction of the pore
surface still originates from micropores with a diameter less than )
20 A (Fig. 2). NOP-20 has a relatively broad distribution ranging accoupts for the introduction of phenyl that occupying the
from 4.0 A to 100 A, while the dominating pore size distribution effective p Ore' Vol'ume.
extends from 20 A to 70 A. This is consistent with the description  * €O2 .adsorptlon isotherms of the porous networks at 273 and 298
of the nitrogen adsorption and desorption isotherm. One reason K (Elg' 3) ('iemonstrate.d that the absor!oed C'OZ amount
should be taken into account for this broad distribution. Ethyl continually increased with the pressure, implying that the

« acetate group decomposes partly due to its poor stability under adsorption has not reached 1tzs9 equilibrium or saturated state in the
high temperature, and hence the leaving organic units can act as investigated pressure range.” Among the obtained three porous

an additional template, which enhances the pore size. The * frameworks, NOP-21 with pendant phenyl unit exhibits the
occurrence of ultramicropores (<5 A) in NOP-20 supported our highest CO, upFake of 123 mg/g at 273 K @9 mg/g at 298 K).
idea that the release of decomposition organic units from the The corresponding values for NQP -20 are Shghtly lower of 118
4s framework possibly accounts for the generation of extra n}g/g (72 mg/g.at 298 K), while NOP-19 with metl.lyl group
micropores in NOP-20. Careful examination of NOP-21 shows its displays a capacity of 106 mg/g (69 mg/g at 298 K), which is also
narrowest distribution, mainly locating at 5.6 A along with a * f:omparably rpuch higher than .those obtained values (?f NZ
small proportion of micropores of 13 A. This is in good isotherms. It is noted that the highest CO, uptake capacity is
accordance with our idea that replacing H atoms with phenyl attained by NOP-21 with the lowest Sger. Only pores less than

so group would reduce the effective pore size of NPTF-1. From the 1.0 nm are proved to be effec'tlve toward§ CO, capt;lore at low
three distribution curves, we have recognized the similarities of ~ PresSurc since the rnolc.ecular size of CO, is 0.36 nm. A'nother
three locations, 27 A and 34 A for mesopores and 13 A for ° possibility can be attributed to the measurement in which we
micropores, indicative of similar topology structures even after utilize the critical nitrogen adsorption-desorption isotherm to
the structural modification. To be sure, substituting methyl, ethyl calculate the BET and porosity. It is generally known that the
ss acetate and phenyl groups for H atoms tailored the pore size resolving power qf 'nltrogen molec.ules fc.)r MICTopores 15 r.10t
distribution as we expected. Pore size distribution can be enough. In reality, it is more appropriate to investigate adsorption

confirmed by the level of microporosity which is described by the properties for microporous materials, particularly those with
ratio of micropore to total pore volume (Vg ,/Vi) (Table 1). ultgagmlcropores, using CO, probe at 195 K rather than N, at 77
K.’" Therefore, the actual BET surface area of NOP-21
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Table 1 The properties of porosity, gas uptake and isosteric heat of adsorption of NOPs

Sger” Vo Vil CO, Uptake Qy for CO, (kJ/mol)
Sample (m?/g) (cm’/g) (cm’/g) Voi/ Vit 273 K (wi%)
NOP-19 982 033 0.58 57% 10.6 28
NOP-20 952 0.28 1.00 28% 11.8 32
NOP-21 565 0.22 033 70% 123 37
NPTE-1 1187 0.44 0.93 47% 13.2 34
“ Brunauer- Emmett-Teller surface area. ® Pore volume determined from the N, isotherm at P/Py= 0.1. ¢ Total pore volume determined from the N, isotherm
at P/Py=0.9.
CO, and the sorbent. As shown in Fig. 4, the Qg values at a low
adsorption amount are arranged in the following order: NOP-21
14 40 (37 kJ/mol)> NOP-20 (32 kJ/mol)> NOP-19 (28 kJ/mol). This is
—— NOP-19-273K . . .
1—A— NOP-20-273K consistent with the trend of the CO, capacity values at 273K at
121 _e— NOP-21-273K Ibar. NOP-21 has the highest Q value owing to its large content
10 | A S RPAL] S of micropores. NOP-20 has considerable higher Qg values than
@ J—— NOP-20-298K . . .
¥ {—o— NOP-21-298K NOP-19 over a wide range of gas loadings, suggesting that the
£ 45 incorporation of polar group into the framework indeed enhances
—E its affinity towards CO,. All three materials show remarkable
S. high Q values for CO, (>28 kJ/mol) which are higher than many
- known porous polymers such as ZTF-1 (25.4 kJ mol),** HCP-1
O (23.5 kJ mol),® BILPs (26.7-28.8 kJ mol).”!>*> These values
so are also comparable to many attracting porous solids, namely
04 . . . . . CMP-1-COOH (33 kJ/mol),”® MOPs-C (34 kJ/mol),'® PI-1 (34
0.0 0.2 0.4 0.6 0.8 1.0 kJ/mol)®® and FCTF-1 (35 kJ/mol)."* This may be reasonable

Pressure (bar)
Fig. 3 CO, sorption isotherms of NOPs at 273 K and 298K

contributed by the microporous part may be much higher than the
measured value, which is in good accordance with its high CO,
adsorption capacity. No matter what kind of explanation we adopt,
the high micropore content of NOP-21 should be the decisive
factor for its high load. The adsorption quantity of NOP-19 is
lower than that of NOP-21 by about 20 mg/g in spite of a double
BET. It can be boiled down to the broad distribution and the
slight polarity changes by the introduction of methyl group.
Compared with NOP-19, the good capacity for NOP-20 can be
attributed to a good balance between the enhanced polarity by the
introduction of ethyl acetate which promotes the interaction of
host-gas guest, and the hierarchical pores with broad distribution
ranging from 4.0 A to 80 A. It should be noted that the overall
CO, adsorption capacities of NOP-19~21 are not greatly
enhanced, on the contrary the uptake is decreased by 7~20mg/g
relative to the unmodified sample (NPTF-1). This phenomenon
can be interpreted as the decreased BET surface areas and
weakened pore surface polarity with the replacement of N-H
bond by N-methyl, N-ethyl acetate and N-phenyl. In general, the
CO, capacity for NOPs notably exceeds a lot of organic porous
networks, namely PAF-3 (80 mg/g at 273K),*' CMP-1 (90 mg/g
at 273K ),** TBI-2 (118 mg/g at 273K),** A-B2™ (119 mg/g at
273K),>® but is inferior to materials such as FCTF-1-600 (243
mg/g at 273K),"* BILP-4 (235 mg/g at 273K),'> and CPOP-1 (212
mg/g at 273K).'*®

To gain further insights of CO, adsorption, Qg (CO, isoteric
heats) were obtained using Clausius-Clapeyron equation and
Viral equation from their CO, adsorption date collected at 273
and 298 K (Fig. 4). The Qg value at the initial adsorption stage
(low gas loading) mainly reflects the interaction strength between
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considering the fact that the triazine-based frameworks with
abundant nitrogen content intrinsically favor CO, adsorption
through electrostatic interaction.'**’

Flue gas from coal-fired power plants contains ~15% CO, at a
pressure about 1 bar, and hence the CO, uptake capacity at 0.15
bar and the N, adsorption at 0.85 bar are important factors for
practical applications. NOP-21 has a CO, uptake of 24.5 cm’/g at
0.15 bar and 273K. This value is higher than those of many other
polymer networks and can be comparable to A-B1™ (26.9 cm3/g
at 273K),** PCTFs,*® and BILPs (28.1-44.6 cm3/g at 273K),"
but still less than some impressive porous solids such as FCTF-1
(39.4 cm’/g at 0.1bar at 273K ),'"* PPN-6-CH2-DETA (68.1 cm’/g
at 295K)** and MgMOF-74 (112 cm®/g at 293K).* This indicates
that CO, could be kinetically replaced by N, on adsorption in
such a adsorbent.’® Evaluation of the selectivity of adsorbents
under atmospheric pressure for CO,-N, mixture was essential for
realistic post-combustion capture of CO, (total carbon dioxide

60
50 —a—NOP-19
——NOP-20
40 —e—NOP-21
R
E JYVVVVVVVVVVVVVVW
% J
v 204
o
10 1
0

00 02 04 06 0.8 1.0 1.2 14 1.6 1.8
CO, Uptake (mmol/g)

Fig. 4 Plots of the isosteric heat of adsorption (Qy) for CO, of NOPs
versus CO, uptake
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Fig. 5 IAST selectivities of CO, over N, for binary gas mixtures of 15/85
molar composition in NOPs at 273 K

Table 2 Summary of the CO,/N; selectivity for NOPs

Sample 273K Sa(coz/Nz) 273K Sb(coz/Nz) 273K Sc(coz/Nz)
NOP-19 53 35 24
NOP-20 81 44 71
NOP-21 68 42 64

¢ Sa(coz/lﬂ:) is calculated by the IAST model from 85% N, and 15% CO,
1bar.”S (CO/N») 1s calculated by dividing the mass of CO, taken up at
0.15 bar by that of N, taken up at 0.85 bar. © SC(COZ/N:) is calculated from
initial slope calculations at 273K.

content <15%, lbar). Ideal adsorbed solution theory (IAST)
model has been documented to accurately predict binary gas
mixture adsorption in many porous materials. The dual-site
Langmuir-Freundlich equation is used to fit the experimental
single component adsorption isotherm, and the IAST model were
adoped to imitate selectivity of CO, over N, at an equilibrium
partial pressure of 0.85 bar (N,) and 0.15 bar (CO,) in the bulk
phase (Fig. $20-S22, ESIT).* Notably, NOP-19 ~NOP-21 exhibit
pronounced CO, uptake and fairly low N, adsorption at a
pressure lower than 1 bar. The different adsorption ability
towards CO, and N, provides a basis for the selective capture of
CO, from gas mixture streams. As expected, NOPs demonstrate
much higher CO,-over-N, selectivity than NPTF-1 (45). Among
the three polymers, NOP-20 has the highest CO,-over-N,
selectivity of 81 (Fig.5) despite its smaller CO, uptake compared
to NOP-21, which may be ascribed to a larger proportion of
ultramicropores relative to the others.”>*" Compared to NOP-19,
21, NOP-20 has a broad pore size distribution ranging from 4.0 A
to 100 A, while the dominating pore size distribution extends
from 20 A to 70 A. The occurrence of ultramicropores (<5 A) in
NOP-20 may be essential to this high selectivity. Since such
ultramicropores have pore sizes (0.40 nm) approaching the
diameter of N, molecules (0.364 nm), they could offer mark
kinetic selectivity in separation of CO, from N,. Therefore, it
may be resonable that NOP-20 processes the lowest N, capacity
at 273K and 1 bar (0.080, 0.072, and 0.098 cm3/g for NOP-19,
NOP-20, and NOP-21, respectively). NOP-19 and NOP-21
exhibit good selectivities ranging from 53 to 68, depending on the
size of the pendant groups. Although the selectivity parameters
are a little lower than some known porous solids such as PPN-6-
CH,-DETA (442),**° CuBTTri (329)*' and BILP-2 (113),'"? they

w0 do exceed those of most MOFs,* ZIFs,® cage molecules* and
porous organic frameworks.'*®
Additionally, selectivity was calculated by the mass of CO,
taken up at 0.15 bar divided by the mass of N, taken up at 0.85
bar.'™* As shown in Table 2 (Fig.S23-S25 ESIt), NOP-19, 20,
45 21 demonstrate CO,/N, selectivities of 35, 44, and 42,
respectively. Furthermore, the CO,/N, selectivity was also
calculated by using the ratios of Henry’s law constants.
According to initial slope calculations of pure gas isotherms
(Fig.S26-S28, ESIt) presented in Table 2, similar trend of the
s0 CO,/N, selectivity levels is observed. Nevertheless, the CO,/N,
selectivities obtained from the three methods are still in
reasonable agreement. Due to their high heats of adsorption and
selectivity of CO,-over-N,, the synthesized NOPs have good
potential for post-combustion CO, capture.

ss Conclusions

Based on NPTF-1, substituting methyl, ethyl acetate and phenyl
groups for H atoms optimized the surface functionality and the
pore size simultaneously, leading to three new sorbents. Their
chemical structure was confirmed by FTIR, solid-state *C
0 CP/MAS NMR spectra, and elemental analyses. The analysis of
N, sorption isotherms reveals that three functional polymers have
quite different pore size distributions. Within these frameworks,
NOP-21 possesses the highest CO, (12.3 wt% at 273 K and 1bar)
uptake due to a more uniform and smaller pore size distribution,
s and NOP-20 displays the best CO,/N, ideal selectivity of 81 (273
K) due to a larger proportion of uniform ultramicropores. The
above results indicate that it is a facile approach to engineer the
porosity (pore size) and surface polarity. The resulted polymers
are promising candidates as adsorbents for CO, capture in the
70 environment and energy field.
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