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Abstract

Isoindigo-based microporous organic polymers from nitrogen- and oxygen-rich
6,6’-dibromoisoindigo and its alkylated derivatives have been synthesized via
palladium-catalyzed Sonogashira-Hagihara cross-coupling reaction. The pore
properties (pore size & surface area) of this kind of microporous organic polymers
could be tuned by the alkyl groups connected with 6,6’-dibromoisoindigo unit. Owing
to the incorporation of nitrogen atoms and ketonic groups from the isoindigo unit into
the skeleton of the microporous polymers enhanced the binding affinity between the
pore wall and CO, molecules, the polymers show high isosteric heats of CO,
adsorption of 27.4~33.5 kJ mol™, which are higher than those of many reported
porous organic polymers. Compared with the alkylated polymers of TBMIDM and
TBMIDE, TBMID without alkyl group exhibits a high CO, uptake ability of 3.30
mmol g™ (1.13 bar/273 K) with a CO,/N, sorption selectivity of 58.8:1 because of the
strong interactions between the polymer network and the polarizable CO, molecules
through dipole—quadrupole interactions and/or hydrogen bonding. These data
demonstrate that these isoindigo-based microporous organic polymers would be
potential candidates for applications in post-combustion CO, capture and

sequestration.
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1. Introduction

Carbon dioxide is deemed as a significant contribution to global warming and
some environment issues. Developing highly efficient carbon capture and separation
technologies or CO, capture materials would be potential strategies to address these
issues. The amine-based wet scrubbing technology for CO, capture suffers from the
considerable energy penalty for CO, release and the regeneration of amine solution.
Porous solids, which adsorb CO, molecules through relative weak van der Waals
force, are emerging as a new class of CO, capture materials. A range of porous solids
have been proposed for capture of carbon dioxide, which mainly include microporous
zeolites,? activated carbons,® metal organic frameworks (MOFs)," porous organic
molecules, ® and microporous organic polymers (MOPs).” ® Among of them, MOPs
have attracted increasing recent attention because they show great potential in a
variety of applications such as gas storage and separation,” '° heterogeneous

1112 and chemical sensors.”** To date, a wide range of MOPs have been

catalysis
developed by using various building blocks and synthetic strategies. These mainly
include polymers of intrinsic microporosity (PIMs),* covalent organic frameworks

(COFs),***" conjugated microporous polymers (CMPs),**%

porous polymer networks
(PPNs),** porous aromatic framework (PAFs),? covalent triazine-based frameworks
(CTFs),? and hypercrosslinked porous polymers (HCPs).?*?® However, most reported
MOPs without polar group or heteroatom usually showed low CO, adsorption
capacity at ambient temperatures and pressures because of the lack of strong CO,
binding sites. Recent studies have revealed that the electron-rich porous polymers
networks can yield strong dipole—quadrupole interaction with CO, molecules, leading

to a significant increase in the CO, capture capacity, and thus a range of nitrogen-rich

and/or oxygen-rich microporous organic polymers have been synthesized for
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capturing CO,. For example, the microporous polycarbazole of CPOP-1 with high
nitrogen content showed a CO, capture capacity of 4.82 mmol g* and a CO./N,
adsorption selectivity of 25 at 273 K/1.0 bar,”” the imine-linked porous polymer
framework of PPF-1 exhibited a CO, uptake of 6.1 mmol g* with a CO,/N,
adsorption selectivity of 14.5 at 273 K/1.0 bar,?® the benzimidazole-linked polymer of
BILP-4 could adsorb CO, up to 5.3 mmol g * with a CO,/N, adsorption selectivity of
79 at 273 K/1.0 bar,?® the nanoporous azo-linked polymer of ALP-1 showed a CO,
uptake of 5.36 mmol g * with a CO,/N, adsorption selectivity of 35 at 273 K/1.0 bar,*
the porous triazine bifunctionalized task-specific polymer of TSP-2 could adsorb CO,
up to 4.1 mmol g * with a CO,/N, adsorption selectivity of 38 at 273 K/1.0 bar,* the
nanoporous covalent organic polymer with tr&ger’s base functionality of TB-COP-1
exhibited enhanced CO, capture capacity of 5.19 mmol g with a CO,/N, adsorption
selectivity of 79.2 at 273 K,* the iron-containing porphyrin porous organic polymers
showed a high CO, uptake ability of 4.30 mmol g* at 273 K/1.0 bar,*® and the
triazine-functionalized porphyrin-based porous organic polymer of TPOP-1 exhibited
a CO, uptake as high as 6.2 mmol g * at 273 K/3.0 bar.** These results demonstrated
that such electron-rich MOPs have great potential to increase the CO, uptake ability
or COy/N, adsorption selectivity. Palladium-catalyzed Sonogashira—Hagihara
cross-coupling polymerization has been widely used to produce a range of highly
porous organic polymers. For example, the conjugated microporous
poly(aryleneethynylene)  networks  synthesized by  Sonogashira—Hagihara
cross-coupling polymerization showed a high surface area up to 834 m? g™.® The
CMPs with a range of chemical functionalities including carboxylic acids, amines,
hydroxyl groups, and methyl groups exhibited high isosteric heat of sorption for

C0,.* The metal-organic conjugated microporous polymers produced by
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Sonogashira—Hagihara coupling reaction could be used as heterogeneous catalyst.*
The conjugated nanoporous polymer colloids were synthesized by using
Sonogashira—Hagihara coupling reaction.*” The cobalt/aluminium-coordinated CMPs
exhibited outstanding CO, capture capacity and conversion performance at
atmospheric pressure and room temperature.*®

Isoindigo is an efficient acceptor species that has been studied widely in the
areas of organic photovoltaic cells®® and dye-sensitized solar cells.”> However, to the
best of our knowledge, there are no reports on the synthesis of porous polymers based
on isoindigo or its derivatives. We present here the synthesis of a novel class of
isoindigo-based MOPs via one-pot palladium-catalyzed Sonogashira—Hagihara
cross-coupling reaction. Isoindigo contains both nitrogen and oxygen atoms, making
the resulting porous polymer highly electron-rich, which could enhance the binding
affinity between the adsorbent and CO, molecules, and thus we hypothesized that the
introduction of isoindigo segments into the porous polymer skeleton could lead to the
increase of CO, capture capacity. In addition, we also synthesized isoindigo-based
MOPs with different alkyl substituents, and investigated the influence of alkyl

substituent on the porosity and CO, capture capacity of the resulting porous polymers.
2. Experimental Section

Chemicals: 6-bromooxindole and 6-bromoisatin were purchased from TCI.
Triphenylphosphine, tetraphenylmethane, trimethylsilylacetylene and Copper(l)
iodide were purchased from Alfa. K,CO; and bromoethane were purchased from
Acros. lodomethane, tetrakis(triphenylphosphine)palladium(0), bis(triphenylphosphi-
ne)palladium(ll)chloride, N,N-dimethylformamide, triethylamine and other chemicals
were purchased from J&K Scientific Ltd. All chemicals were used as received.

6,6’-dibromoisoindigo, 6,6’-dibromo-N,N’-(2-methyl)-isoindigo,
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6,6°-dibromo-N,N’-(2-ethyl)-isoindigo® and tetra(4-ethynylphenyl)methane* were

prepared according to the previously reported methods.
2.1 Synthesis of isoindigo-based microporous organic polymers

All of the polymer networks were synthesized by palladium(0)-catalyzed
Sonogashira-Hagihara  cross-coupling  reacation of  6,6’-dibromoisoindigo,
6,6’-dibromo-N,N’-(2-methyl)-isoindigo or 6,6’-dibromo-N,N’-(2-ethyl)-isoindigo
with tetra(4-ethynylphenyl)methane. All reactions were carried out at a fixed total
molar monomer concentration of 75 mmol/L and a fixed reaction temperature and
reaction time (100 <C/48 h). A representative experimental procedure for TBMID is
given as an example.

TBMID: 6,6’-dibromoisoindigo (206 mg, 0.5 mmol), tetra(4-ethynylphenyl)methane
(107 mg, 0.25 mmol), tetrakis(triphenylphosphine)palladium(0) (15 mg), copper(l)
iodide (10 mg) were dissolved in a mixture of DMF (5.0 mL) and EtzN (5.0 mL). The
mixture was degassed under freeze-pump-thaw, purged with N, and stirred at 100 <C
for 48 h. The mixture was then cooled down to room temperature and the precipitated
polymer network was filtered and washed with methanol, water, chloroform and
acetone, respectively. Further purification of the polymer was carried out by Soxhlet
extraction with methanol for 48 h. The product was dried in vacuum for 24 h at 70 <C
and obtained as a dark red powder (209 mg, yield: 82%). Elemental combustion
analysis (%) Calcd for (C71H44N4O4)n: C 83.86, H 4.33, N 6.30; Found: C 75.09, H
4.26, N 4.83. The deviation of the elemental analysis from the theoretical value could
be attributed to the unreacted end groups and the trapped gases and water from air in

the porous polymers because of their high microporosities.?®

2.2 Characterization
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The FT-IR spectra were carried out in transmission on a Tensor 27 FT-IR
spectrometer (Bruker) using KBr disks. The thermal properties of the polymer
networks were evaluated using a thermogravimetric analysis (TGA) with a differential
thermal analysis instrument (Q1000DSC + LNCS + FACS Q600SDT) over the
temperature range from 30 to 800 <C under a nitrogen atmosphere with a heating rate
of 10 T min™. The morphology of the polymer networks were obtained on a field
emission scanning electron microscope (SEM, JSM-6700F, JEOL, Japan) and a high
resolution transmission electron microscopy (TEM, JEM-2100F, JEOL, Japan).
Powder X-ray diffraction measurement was carried out on X-ray Deffractometer
(D/Max-3c). Solid state magic angle spinning **C CP/MAS NMR measurement was
carried out on a Bruker Avance 111 model 400 MHz NMR spectrometer at a MAS rate
of 5 kHz. Elemental analysis was performed on a EURO EA3000 Elemental Analyzer.
Surface areas and pore size distributions were measured by nitrogen adsorption and
desorption at 77.3 K using an ASAP 2420-4 (Micromeritics) volumetric adsorption
analyzer. The surface areas were calculated in the relative pressure (P/P,) range from
0.05 to 0.20. Pore size distributions and pore volumes were derived from the N,
adsorption branch of the isotherms using the non-local density functional theory
(NL-DFT). Samples were degassed at 120 <C for 15 h under vacuum (10™ bar) before

analysis. Gas sorption isotherms were measured on an ASAP 2420-4 as well.
3. Results and Discussion

Scheme 1 shows the general synthetic route for the three isoindigo-based
microporous organic polymers. 6,6’-Dibromoisoindigo and its alkylated derivatives
with methyl or ethyl groups were employed as the building blocks in order to study
the influence of alkyl groups on the pore properties and gas adsorption performances

of the resulting polymers. Tetra(4-ethynylphenyl)methane was selected as the
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comonomer since it possesses four reactive sites, which makes the polymers highly
crosslinked molecular structures. All of the polymer networks were insoluble in
common organic solvents such as THF, DMF, CHCI; and methanol. The resulting
polymer networks showed high thermal stability in nitrogen atmosphere, as revealed
by TGA (up to 350<C, Figure S1), and were also chemically stable. The FT-IR spectra
of the polymer networks (Figure S2) structure show the aromatic C=C vibration bands
at 1600 cm %, the alkyne of —C=C— band at 2200 cm ™, the stretching vibration band
of C-N-C at 1494 cm™?, and the C=0 stretching vibrations at around 1705 cm™in all
the samples. In addition, TBMID without any alkyl substituent showed the N-H
stretching vibration at around 3213 cm™ and the bending vibration at 1312 cm™,
which were not observed for TBMIDM with methyl group and TBMIDE with ethyl
group. The —CHj stretching vibration at around 2925 cm ™ and the bending vibration
1375 cm™* could be detected for TBMIDM with methyl group. The —CH,—, —CHs
stretching vibration at around 2930 cm ™, 2973 cm *and the bending vibration 1347
cm ;1371 cm ' could be respectively detected for TBMIDE with ethyl group. The
polymer networks were also characterized at the molecular level by solid state *H-'*C
cross-polarization magic-angle spinning (CP/MAS) NMR spectroscopy to further
confirm the structure of the polymer networks. The *H-*C CP/MAS NMR spectra
and the assignment of the resonances are shown in Fig. 1. All of the polymer
networks showed the characteristic peaks at approximately 169 ppm (—-C=0), 144
ppm (N-Cy), 110 ppm (-C=C-), 92 ppm (—-C=C-) and 65 ppm corresponding to the
quaternary carbon atom that is connected to four phenyl groups. In addition, the signal
at approximately 26 ppm from —CH3 was observed for TBMIDM with methyl group,
and the signals at approximately 35 ppm (-CHy-) and 12 ppm (—CHs) were also

observed for TBMIDE with ethyl group, while these peaks were not observed in the
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'H-1C CP/MAS NMR spectrum of TBMID without any substitution. These results
are consistent with the expected polymer networks. No any clear diffraction peaks
could be observed in the powder X-ray diffraction profiles (Figure S3), indicating that
the polymer networks are amorphous in nature. Scanning electron microscopy images
reveled that the three polymers possess very similar morphology with relatively
uniform solid submicrometer spheres (Figure S4), indicating that the alkyl group has
negligible influence on the morphology of the resulting polymers. High resolution
transmission electron microscopy (HR-TEM) images also demonstrated the
amorphous structure of the polymer networks and the presence of homogenous pores

in the polymers (Figure S5).

If ~ TBMID
“ R=H
| 7
+ _ / \ — _ Pd(PPh3),, Cul TBM'DM
=/ \_/ EtsN, DMF 3 R= CHj
|
N TBMIDE
Il \_R = CH,CHs

Scheme 1. Synthetic route to the isoindigo-based microporous organic polymers
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Figure 1. Solid-state "H-"3C CP-MAS NMR spectra of the polymer networks, asterisks denote
spinning side bands.

The porosity of the polymer networks was measured by nitrogen adsorption and
desorption analyses at 77.3 K. As shown in Fig. 2a, all of the resulting polymer
networks gave rise to typically Type—I nitrogen gas sorption isotherms according to
IUPAC classifications,* indicating that these polymer networks are microporous in
nature. This was also evidenced by the pore size distribution (PSD) curves for the
polymer networks as calculated using nonlocal density functional theory (NL-DFT).
All of the polymer networks exhibited abundant micropore structure with pore size
less than 2.0 nm (Figure 2b). Compared with TBMIDM and TBMIDE, TBMID
without any substitution exhibited smaller micropore size centered at around 0.9 nm.
TBMIDM showed a micropore size centered at around 1.1 nm and TBMIDE

exhibited a micropore size centered at 1.0 nm, indicating that the pore size of the
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polymer networks could be controlled by the substituent group, as observed in other
reported CMPs with alkyl substituent.*® Unlike the crystalline MOFs and COFs,
where the pore size could be fine narrowed by increasing the substituent group grafted

on the ligand or the building block,***

these amorphous polymers do not show a
simple and rational pore size order with increasing the substituent group from H to
CH; to CH,CHgs. For example, TBMID without alkyl group shows the smallest pore
size of 0.9 nm, while TBMIDM with methyl group shows the biggest pore size of 1.1
nm as shown in Figure 2b. We do not at present have a full explanation for this result,
but it could be partially attributed to the increased distance among the polymer chains
because of the increasing steric hindrance from H to CH3 to CH,CHgs, which hinders
the polymer to pack into small pores during the polymerization, similar result was
observed for the other reported CMPs with different alkyl chains.*’” The apparent
Brunauer-Emmet-Teller (BET) specific surface areas were found to be 688, 763 and
654 m* g* for TBMID, TBMIDM and TBMIDE, respectively. All the polymer
networks showed high micropore surface area ratio over 90% and micropore volume
ratio over 82% (Table 1), again suggesting that the pores of the polymer networks are

dominated by micropores, which is in agreement with the shape of the nitrogen

sorption isotherms.
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Figure 2. a) Nitrogen adsorption (filled symbols)/desorption (empty symbols) isotherms for the
polymer networks collected at 77.3 K; b) Pore size distribution curves calculated by NL-DFT.

Table 1. Summary of pore properties for the polymer networks

SBETa SMicrob VMicroC VTotaI ¢ SMicro/ SBET VMicro/ VTotaI
Polymer 9 1 2 1 3 1 3 1

[m"g7] [m°g7] [em'g’] [ecm g7] [%] [%]
TBMID 688 629 0.30 0.35 91.4 85.7
TBMIDM 763 720 0.34 0.38 94.5 89.5
TBMIDE 654 588 0.28 0.34 89.9 82.4

% Surface area calculated from N, adsorption isotherm in the relative pressure (P/Po) range from
0.05 to 0.20; ® Micropore surface area calculated from the N, adsorption isotherm using t-plot
method based on the Harkins Jura Equation. © The micropore volume derived from the t-plot
method; ® Total pore volume at P/P, = 0.90.

The microporous nature of these isoindigo functionalized polymer networks
inspired us to investigate their gas uptake capacities. Figure 3a shows the hydrogen
sorption curves of the three polymer networks measured at 77.3 K up to a pressure of
1.13 bar. TBMID without any alkyl substituent exhibited the largest hydrogen uptake
capacity of 137 cm® g (~1.23 wt%) among the three polymer networks, although it
showed the lower surface area of 688 m? g™ than that of TBMIDM (763 m* g%),
which might be attributed to the narrower micropore size in TBMID enhanced the

interaction between the pore wall and H, molecules.”® The hydrogen uptake of
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TBMID is comparable to that of some other porous polymers with much higher
surface area at the same conditions, such as the dihydroxyl-functionalized conjugated
microporous polymer of network-13 (1.14 wt%, Sger = 853 m? g ),* the
benzene-based CMP of CMP-0 (1.4 wt%, Sger= 1018 m? g™)*° and the nanoporous
organic framework of NPOF-2 (1.45 wt%, Sger = 3127 m? g™),>! although it is still
lower than that of the carbazole-based CMP with the hydrogen uptake capacity of
2.80 wt% at 1.13 bar/77.3 K.*'

The CO, uptakes of the polymer networks were measured up to 1.13 bar at 273
and 298 K, respectively (Figure 3b & 3c). It was found that TBMID showed a high
CO, uptake ability of 3.30 mmol g™ at 1.13 bar/273 K, which is higher than that of
TBMIDM (2.56 mmol g*) with methyl group and TBMIDE (2.46 mmol g™) with
ethyl group. The high CO, uptake ability of TBMID could be attributed to the strong
interactions between the polymer network and the polarizable CO, molecules through
dipole—quadrupole interactions and/or hydrogen bonding that utilize the protonated
and proton-free nitrogen sites of isoindigo segments,” and the hydrogen bonding
from the N-H of isoindigo segments might play a crucial role for increasing the CO,
uptake ability, since TBMIDM and TBMIDE showed much lower CO; uptake ability
compared with TBMID, which could be attributed to the substitution of hydrogen
atom connecting with nitrogen atom replaced by methyl or ethyl group leads to the
decreased hydrogen bonding interaction. Similar result was also observed for other
type porous polymers, for example, the porous benzimidazole-linked polymers
showed a high CO, uptake ability of up to 5.3 mmol g™ because the hydrogen atom
connecting with nitrogen atom of imidazole ring enhanced the interactions between
the pore wall and CO, molecules through hydrogen bonding.”® The CO, uptake

capacity of 3.30 mmol g for TBMID is higher than that of many other reported
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CMPs produced by Sonogashira-Hagihara coupling reaction under the same
conditions, such as the post-metalation of porous aromatic framework of
PAF-26-COOMg (2.85 mmol g™, Sger= 572 m? g*),** the amide-functionalized CMP
of CMP-1-AMD1 (1.51 mmol g, Sger = 316 m? g*),*” the pyrene-based porous
aromatic frameworks of PAF-20 (1.16 mmol g, Sger = 702 m?* g%),>® the
hexabenzocoronene-based porous organic polymers of HBC-POP-1 (2.05 mmol g*
Sger = 668 m? g?),>* and the tri(4-ethynylphenyl)amine-based porous aromatic
frameworks of PAF-34 (2.50 mmol g, Sger= 953 m? g™)> at 273 K/1.0 bar. It is also
much higher than that of some other type of porous materials with much higher BET
surface area under the same conditions, such as PAF-1 (2.1 mmol g, Sger = 5460 m?
gH),>® COF-102 (156 mmol g%, Sger = 3620 m? g* )* and the
tetraphenylmethane-based HCPs (1.66 mmol g™, Sger = 1679 m? g%),® although it is
still low compared with some reported porous polymers with high carbon dioxide
uptake capacity, such as the imine-linked porous polymer network of (6.1 mmol g™
for PPF-1),% the fluorinated covalent triazine-based frameworks (5.53 mmol g™* for
FCTF-1-600),> the carbazolic porous organic frameworks (4.77 mmol g* for
Cz-POF-3),%° and the benzimidazole-linked polymers (5.3 mmol g* for BILP-4).%° It
is known that surface area, micropore volume, pore size and polar groups or moieties
have large influence on the CO, adsorption performance of microporous organic
polymers. For example, TBMID with smaller pore size of 0.9 nm, showed higher CO;
uptake ability of 3.3 mmol g* than TBMIDM (pore size 1.1 nm) and TBMIDE (pore
size 1.0 nm), which could be attributed to the stronger binding affinity between
TBMID and CO, molecules, as evidenced by the isosteric heat of CO, adsorption
(Figure 3d). Therefore, one could expect that the CO, uptake ability of these

isoindigo-based microporous organic polymers could be further improved by
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optimizing surface area, pore size or introducing some strong polar groups into the

skeleton of the polymers.
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Figure 3. a) Volumetric H, sorption curves for the polymer networks at 77.3 K up to 1.13 bar; b)
CO; adsorption isotherms collected at 273 K ; ¢) CO,adsorption isotherms collected at 298 K; d)
Isosteric heats of adsorption for CO, calculated from the adsorption isotherms collected at 273 K
and 298 K.

The isosteric heat of adsorption (Qs) was calculated from the CO, adsorption
data collected at 273 K and 298 K by the Clausius—Clapeyron equation to determine
the binding affinity between the polymers and CO, molecules. As shown in Figure 3d,
the Qs values of the polymer networks were found to be in the range of 27.4-33.5 kJ
mol™ at the near zero-coverage, which are comparable to those of many known
functionalized porous polymers, such as the porous benzimidazole-linked polymers

(26.7-28.8 kI mol™),?® the carbazole-based CMPs (27.1-30.8 kJ mol™),* the
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tetraphenylethylene-based HCPs (23.3-28.2 kJ mol™),%! the metalation of CMPs
(PAF-26-COONa, 35 kJ mol™),* the sulfonated porous polymer network
(PPN-6-SO;Li, 35.7 kJ mol™)®? and the porous polymer network (PPN-6-SO3sNH,, 40
kJ mol™).%® This result demonstrated that the incorporation of isoindigo unit into the
skeleton of the porous polymers indeed enhanced the binding affinity between the
porous polymer and CO, molecules, and thus leading to the increased CO; uptake
ability. In addition, TBMID showed the highest Qg (33.5 kJ mol™) among the three
polymer networks owing to its smaller micropore size and the strong interactions
between the polymer network and the polarizable CO, molecules through
dipole—quadrupole interactions and/or hydrogen bonding as discussed above. In order
to investigate the potential use of these isoindigo-functionalized microporous organic
polymers in gas separation, single component gas adsorption isotherms for CO,, Na,
and CH,4 were measured by volumetric methods at 273 K up to a pressure of 1.0 bar
The selectivities of CO,/N, and CO,/CH, for the polymer networks were estimated by
using the initial slope ratios from the Henry’s law constants of the single-component
gas adsorption isotherms collected at 273 K at a low pressure coverage less than 0.1
bar as summarized in Table 2 (Figure S7-9). Compared with TBMIDM and TBMIDE,
TBMID showed higher CO,/N, and CO,/CH, adsorption selectivities (Table 2).
Though the CO,/N, adsorption selectivity of 58.8 for TBMID is moderate compared
with that of some other reported MOPs with higher CO,/N, adsorption selectivity,
such as the tetraphenylethylene-based HCPs (119 for Network-7),®* the azo-bridged
covalent organic polymer (109 for Azo—COP-2),%* the porous covalent electron-rich
organonitridic frameworks (109 for PECONF-1)®> and the tri(4-ethynylphenyl)
amine-based porous aromatic framework (251 for PAF-33-NH, ),>> TBMID showed

much higher CO, adsorption capacity (Network-7: 1.92 mmol g*,** Azo-COP-2: 2.55
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mmol g*,* PECONF-1: 1.86 mmol g*,% and PAF-33-NH,: 1.19 mmol g™**°) under
the same conditions. From the practical CO, separation application of view, both high
CO;, capture capacity and high selectivity of CO;, over N, and CH, are required.
Therefore, these isoindigo-based microporous organic polymers would be potential
candidates for applications in post-combustion CO, capture and sequestration because

of their good CO, adsorption performances.

Table 2. Summary of gas uptakes for the polymer networks

Polymer H, uptake® CH, uptake® CO, uptake® CO, uptake® Selectivity’
[wit%] [mmolg™] [mmolg™ [mmolg?’]  COzN,  CO,/CH,
TBMID 1.23 0.75 3.30 2.07 58.8 9.7
TBMIDM 0.95 0.79 2.56 1.42 29.3 4.5
TBMIDE 1.04 0.86 2.46 1.46 42.6 4.3

Data obtained at 77.3 K and 1.13 bar; ® Data collected at 273 K and 1.13 bar; ¢ Data collected at
298 K and 1.13 bar; ® Adsorption selectivity based on the Henry’s law.

4. Conclusions

In conclusion, isoindigo functionalized microporous organic polymers have been
synthesized via palladium-catalyzed Sonogashira-Hagihara cross-coupling reaction of
6,6’-dibromoisoindigo or its alkylated derivatives with tetra(4-ethynylphenyl)-
methane. These polymer networks are stable in various solvents tested and thermally
stable in nitrogen atmosphere. The alkyl groups have an influence on the pore size
and surface area of the resulting microporous organic polymers. Owing to the
incorporation of electron-rich isoindigo unit into the skeleton of the porous polymers
enhanced the binding affinity between the porous polymer and CO, molecules, all of
the resulting polymers show high isosteric heats of CO, adsorption from 27.4 to 33.5
kJ mol™. The polymer TBMID without any alkyl substituent shows a high CO, uptake

ability of 3.30 mmol g and a CO./N, adsorption selectivity of 58.8 because of the
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strong interactions between the polymer network and the polarizable CO, molecules
through dipole—quadrupole interactions and/or hydrogen bonding that utilize the
protonated and proton-free nitrogen sites of isoindigo segments. These results
indicated that there is a wealth of opportunity for producing CO,-philic microporous
organic polymers with enhanced gas adsorption ability and high adsorption selectivity

for CO, over N, by incorporating electron-rich unit into the skeleton of a MOP.

Electronic Supplementary Information (ESI) available: Details of the synthesis for
TBMIDM, TBMIDE and the TGA, FT-IR, PXRD, SEM, HR-TEM images, and gas

adsorption for the polymer networks. See DOI:XXX/XXX.
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