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Abstract. A sterically encumbered isopropyl group substituted fluorescent triphenylbenzene based azo-linked
covalent organic polymer,  PrFTAPB-Azo-COP, has been synthesized by Cu(I) catalysed homo coupling (amine-
amine) reaction of 1,3,5-tris(4’-amino-3', 5'-isopropylphenyl)benzene (‘ PrTAPB) under aerobic conditions. The
Brunauer-Emmett-Teller (BET) and Langmuir surface areas of ‘ PrTAPB-Azo-COP have been estimated to be
395 and 697 m?> g~ ! with a pore diameter of 11.6 A. Due to the presence of fluorescent triphenylbenzene
platform IPrTAPB-Az0-COP exhibits broad emission band centred at 428 nm, when excited at 300 nm, as a
result of extended conjugation. The inherent fluorescent nature of ‘PrTAPB-Azo-COP has been utilized for
sensing electron-deficient polynitroaromatic compounds (PNACs) such as a picric acid (PA), dinitrotoluene
(DNT), p-dinitrobenzene (p-DNB) and m-dinitrobenzene (m-DNB). Further, 'PrTAPB-Azo-COP has also been
utilized for capture of carbon dioxide as the azo-COP is enriched with CO;-philic nitrogen atoms apart from its
microporosity. Since the azo (-N=N-) linkages are masked by the bulky isopropyl groups, : PrTAPB-Azo-COP

exhibits a CO; uptake of 6.5 and 19.4 wt% at 1 bar and 30 bar, respectively, at 273 K.

Keywords.

1. Introduction

The growth of fine chemical industries such as dye,
leather, pesticide and pharmaceutical industries results
in increased contamination agricultural lands and water
bodies by chemical wastes.! One of the extensively
used chemicals in these industries is 2,4,6-trinitrophenol
(picric acid, PA). PA has been demonstrated to be a
potential threat to human health as it damages the liver
function and respiratory systems.’? It has also been
found to be responsible for anaemia, cancer, infer-
tility, gastritis, sycosis, diarrhoea and skin and eye
irritation.®> More importantly, PA has been recognized
as a common and potential explosive as compared to
other polynitroaromatic compounds (PNACs) such as
trinitrotoluene (TNT), p-dinitrobenzene (p-DNB), m-
dinitrobenzene (m-DNB), dinitrotoluene (DNT), etc.,
due to the low safety coefficient and high explosion
energy. '* It has been observed that the explosion power
of PA is much higher than that of the other powerful
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congener TNT. ' Hence, it is an important and urgent
need to address this exigent issue by developing sensi-
tive and selective detection method to monitor the trace
levels of PA in the environment. Optical methods, espe-
cially fluorescence-based detection methods,® could be
a promising solution for the detection of PA com-
pared to other conventional detection methods (trained
canines, metal detectors, gas chromatography coupled
with mass spectrometry (GC-MS), electrochemistry,
ion mobility spectroscopy (IMS), colorimetry, quartz
crystal microbalance (QCM), surface enhanced Raman
spectroscopy (SERS) and so on).” Fluorescence detec-
tion methods have become popular due to short response
time, real-time usage, low cost with high sensitivity, high
selectivity, simple and portable to on-site for detection.®

In this regard, many fluorescence-based organic
(small molecules/polymers), inorganic and organic-
inorganic hybrid materials such as pyrene,’
anthracene, '° boron compounds, ! luminescent gels, '
dendrimers, 1> carbazole derivatives, '* fluoranthene, 31
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quantum dots, '® polyhedral oligomeric silsesquioxane
(POSS),"” metal-organic cages, '* metal-organic frame-
works (MOFs), ' covalent organic frameworks (COFs),
20 molecularly imprinted polymers (MIPs),?! covalent
organic polymers (COPs) %22 have been utilized for the
detection of PNACs. Among these materials, COPs have
gained much attention for many reasons. ** Firstly, while
comparing with the small organic molecules or fluo-
rophores, COPs are outstanding electron donors because
of the extended m-conjugation. Further, the donor abil-
ity of the COPs is enhanced in the excited state due to
the delocalized 7 * state, which offers a platform for the
easy migration of excitons. As a result, the interaction
between the COPs and PNACs will increase and the fluo-
rescence intensity will be quenched. This phenomenon
is known as ‘molecular wire effect,” coined by Swa-
ger et al.,>* Secondly, the COPs have been constructed
through either C-C bonds or C-N bonds, offering excel-
lent stability under harsh conditions (e.g., acidic or basic
medium).® Besides, the structure and porosity of COPs
can be fine-tuned by judicious selection of fluorescent
monomers since high porosity or pore size will tend to
increase the diffusion of PNACs into the porous polymer
network and hence increase the fluorescence quenching
efficiency. '

Apart from detection of PNACs, COPs have been
known for their gas storage and separation (e.g., car-
bon dioxide (CO,) capture®*) owing to their intrinsic
porosity. The other potential applications of COPs lie
in the areas of catalysis, drug delivery, clean energy
storage, semiconductors and optoelectronic devices.*
The main advantage of COPs as CO, capture mate-
rial is their reusability due to the interaction between
the CO, and COPs is considered to be weak. The con-
ventional industrial amine scrubbing method employs
aqueous amine solutions (monoethanolamine (MEA)
or diethanolamine (DEA)) which react with CO, to
produce carbamates. Corrosive nature of the amine solu-
tions and the necessity of high energy for regeneration
makes this method very cumbersome and expensive. 2
Hence, COPs are superior materials for the capture of
CO,. Further, CO, uptake can be enhanced by increas-
ing CO,-philic nitrogen functional groups (amine, azo,
benzimidazole, imine, triazine, efc.) in the polymer net-
works, %’ either by proper choice of nitrogen-containing
monomers or by post modification protocols.

Recent research from our group has reiterated that
the fluorescent small molecules, '** and porous organic
frameworks (COFs and COPs).*!%?° derived from triph-
enylbenzene, carbazole and m-extended pyrene
monomers exhibit impressive detection ability towards
PNACs by fluorescence quenching. Further, we have
demonstrated that the presence of adequate CO,-philic
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nitrogen groups such as aminal, imine, azo, triazine
linkages in the porous polymer networks would pro-
foundly enhance the CO, uptake.”?** Keeping the
above observations in mind, here we demonstrate how
the presence of bulky isopropyl group in the ortho posi-
tion to amine functionality in triphenylbenzene system
can affect the azo-polymerization process, PNACs sens-
ing ability and CO, uptake capacity.

2. Experimental

2.1 Materials, methods and instruments

All the reactions were carried under normal aerobic atmo-
sphere conditions since both the starting materials and
products were found to be moisture and air-stable. Sol-
vents were purified according to standard procedures prior
to their use.! Starting materials such as CuBr (Alfa Aesar),
pyridine (Merck), 2,4-dinitrotoluene (Sigma-Aldrich), picric
acid (Loba Chemie, India), m-dinitrobenzene (Thomas Baker,
India) and p-dinitrobenzene (Spectrochem, India) were pro-
cured from commercial sources and used after crystallization
from suitable solvents.

Caution: Picric acid, p-DNB, m-DNB and DNT are sensitive
to external stimuli such as shock, heat, electromagnetic radi-
ation, static electricity, etc. Although we did not face any kind
of difficulty while working with them, it is highly advisable to
handle these materials with due care.

The melting points were measured in open glass capillaries
and are reported uncorrected. Infrared spectra were obtained
on a Perkin—Elmer Spectrum One FT-IR spectrometer as discs
diluted in KBr. Microanalyses were performed on a Ther-
moFinnigan (FLASH EA 1112) microanalyzer. NMR studies
were performed on a Bruker Avance DPX-400 and 500 MHz
spectrometers. CP-MAS '3C NMR measurements were car-
ried out on a Bruker Avance 500 MHz spectrometer at 300
K and the samples were packed in 4.0 mm zircon rotor. The
ESI-MS studies were carried out on a Bruker MaXis impact
mass spectrometer. Thermo gravimetric analyses were carried
out on a Perkin—Elmer Pyris thermal analysis system under
a stream of nitrogen gas at the heating rate of 10 °C/min.
Powder X-ray diffraction measurements were recorded on
a Philips X’pert Pro (PANalytical) diffractometer using Cu-
Ko radiation (A = 1.5419 A). The absorption spectra were
recorded on a Varian Cary Bio 100 UV-vis spectrophotometer.
The fluorescence spectral studies were performed on a Varian
Cary Eclipse fluorescence spectrophotometer equipped with
a Xenon flash lamp light source and a 1 cm path length quartz
cuvette.

2.2 Adsorption measurements

Adsorption measurements were carried out on a Quan-
tachrome Autosorb-1C analyzer using UHP-grade N, and
CO, gases, which were used as received without further
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purification. N, adsorption measurements were performed at
77 K on a liquid nitrogen bath. Adsorption measurements 273
and 298 K for CO, and N, were performed on a water-bath.
All the adsorption measurements were done up to 1 bar. Prior
to the measurements, the sample was evacuated at 120 °C for
5 h under ultrahigh vacuum in Autosorb-1C.

2.3 FEG-SEM

The morphology of ! PrTAPB-Azo-COP was examined using
field-emission gun-scanning electron microscopy (FEG-SEM)
on a JEOL model JSM-7600F electron microscope, operat-
ing at the accelerating voltage of 0.1 to 30 kV. The sample
was prepared by drop-casting the powdered sample onto the
carbon substrate. The samples were sputtered with platinum
prior to the imaging.

24 FEG-TEM

The TEM analysis of ‘PrTAPB-Azo-COP was investigated
using high-resolution transmission electron microscope (Tec-
nai G2, F30) equipped with field emission source operating at
300 KeV to image the sample on a carbon coated copper TEM
grids. The samples were prepared by dispersing the COP in
acetone by sonication and drop-casted on the TEM grids. The
samples were dried under an infrared lamp for 30 min before
imaging experiments.

2.5 Photophysical studies

"PrTAPB-Azo-COP (1.0 mg) was dispersed in acetonitrile (5
mL) and sonicated for 10 minutes to obtain a homogeneous
dispersion. The absorption and fluorescence spectra of the
"PrTAPB-Azo-COP were recorded at room temperature using
1 cm path length quartz cuvette. The fluorescence spectrum
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Synthesis of ‘PrTAPB -Azo-COP.

of the suspension was measured by increasing addition of
polynitroaromatic analytes, keeping an excitation and emis-
sion slit width of 10 nm. {PrTAPB-Azo-COP was excited at
300 nm. The fluorescence intensity (I) was plotted against
wavelength to obtain quenching profiles. The values of the
Stern—Volmer constant (Kgy) were calculated by fitting the
fluorescence data to the following equation.

IO/I= 1 +st[Q] (1)

where, Iy = fluorescence intensity in the absence of the ana-
lyte, I = fluorescence intensity in the presence of the analyte,
Kgsv = Stern—Volmer constant, and [Q] = concentration of
quencher/analyte. The Stern—Volmer curves were obtained
by plotting (Ip/I) versus analyte concentration.

2.6 Synthesis of ' PrTAPB-Azo-COP

"PrTAPB (200 mg, 0.4 mmol) was stirred at room temperature
for 48 h in the presence of pyridine and CuBr in toluene/THF
(v/v) mixture. Then the reaction mixture was heated at
60 °C and 80 °C for 24 h each and 120 °C for 48 h. During
the course of the reaction, the colour changed from colorless
and eventually yielded a blood-red colored precipitate. The
precipitate was filtered and washed with THF to remove the
unreacted ' PrTAPB. The precipitate was stirred in conc. HCI
for 24 h followed by aq. NaOH (1M) for 24 h. Finally, the red
precipitate was washed with water, ethanol and dried under
vacuum for 12 h at 120 °C. Yield: 0.0680 g, 30%. M.p.>
300 °C. Anal. Calcd. for C4oHs5;N3: C, 84.37; H, 8.60; N,
7.03%. Found: C, 78.26; H, 5.63; N, 7.95%. FT-IR (KBr
diluted disc); 3407, 2962, 2927, 1623, 1593, 1463, 1438,
1385, 1107, 1070 and 1020 cm~!. CP-MAS 3C NMR (3,
ppm): 147.4,143.2, 138.8, 131.6, 122.6, 26.8 and 22.0.



1 Page4of 14

3. Results and Discussion
3.1 Synthesis and characterization

The synthesis of monomer 'PrTAPB, hexaisopropyl
appended derivative of 1,3,5-tris(4’-aminophenyl)
benzene (TAPB) is reported elsewhere.?® The substitu-
tion of sterically encumbered bulky isopropyl groups on
the TAPB increases the chemical stability (both in acids
and bases) as well as the hydrophobicity of the resultant
COP. Further, the presence of bulky isopropyl groups
renders triphenylbenzene platform electron rich, and as
a result, enhances the PNACs detection sensitivity and
CO, adsorption with increased CO,/N, selectivity by
improving Lewis acid-base interactions.**"#

'PrTAPB-Azo-COP

%T

-N=N- stretching

4000 3500 3000 2500 2000 1500 1000 500
Wavenumber (cm'1 )

Figure 1. FT-IR spectrum of {PrTAPB-Azo-COP (as KBr

disk).
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The azo-COP, ‘PrTAPB-Azo-COP, has been
synthesized by the homo amine-amine coupling reac-
tion of "PrTAPB in THF / toluene solvent mixture. This
reaction is catalysed by Cu(]) salt and catalytic amounts
of pyridine in the air (oxygen).?’ In order to achieve
complete polymerization, the temperature of the reac-
tion has been increased from room temperature to 120 °C
(Scheme 1). To minimize the undesired side reactions,
the reaction has been carried out at ambient temper-
ature for 48 h, and successively at 60 and 80 °C for
24 h each. Unlike other amines,*”** the -NH, group of
"PrTAPB is flanked by two isopropyl groups and hence
results in a reduced yield of the polymer at 80 °C. In
order to ensure complete conversion, the temperature
of the reaction was further increased to 120 °C for 48
h. The precipitated blood-red product was purified as
noted in the experimental section. ‘PrTAPB-Azo-COP
is insoluble in most organic solvents, e.g., acetone, ace-
tonitrile, chloroform, dichloromethane, DMF, DMSO,
THE, etc. More importantly, the azo-COP is stable in 4
M HCI and 4 M NaOH, as the work-up of the reaction
involves strong acids and bases.

"PrTAPB-Azo-COP has been unambiguously char-
acterised by FT-IR, cross-polarized magic angle spin-
ning (CP-MAS) C NMR, thermogravimetric analy-
sis (TGA), powder X-ray diffraction (PXRD), scan-
ning electron microscopy (SEM), transmission electron
microscopy (TEM) and analytical methods. Formation
of azo linkage (-N=N-) is confirmed by the characteris-
tic -N=N- stretching vibrational bands at 1463 and 1438
cm ™" in the FT-IR spectrum of ‘PrTAPB-Azo-COP (Fig-
ure 1). The bands at 2962 and 3050 cm™! are attributed
to the alkyl and aromatic C-H stretching vibrations. The

Figure 2. CP-MAS '>C NMR spectrum of ‘ PrTAPB-Azo-COP.
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Figure 3. TGA trace of 'PrTAPB-Azo-COP at a heating
rate of 10 °C per minute under the flow of nitrogen.
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Figure 4. PXRD pattern of ‘PrTAPB-Azo-COP.

unreacted terminal -NH, groups exhibit a broad vibra-
tional band at 3407 cm™'.%?”3% To further confirm the
formation of azo linkage, solid-state CP-MAS *C NMR
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spectrum of the 'PrTAPB-Azo-COP was recorded. The
resonance of carbons atom connected to the -N=N- link-
age appears at 147 ppm (Figure 2). The resonances at
27 and 22 ppm correspond to the carbon atoms of iso-
propyl groups. The resonances in the range of 143-122
ppm are due to the other aromatic carbon atoms of the
azo-COP.

The thermal stability of the ‘PrTAPB-Azo-COP was
investigated by TGA of the activated solid sample under
nitrogen at a heating rate of 10 °C/min. The TGA
trace of the 'PrTAPB-Azo-COP suggests that the poly-
mer is stable up to 300 °C and the decomposition of
the polymeric network starts after 300 °C (Figure 3).
The stability of the ‘PrTAPB-Azo-COP is lower than
ALP-4 which does not have any isopropyl group.?’ The
broad PXRD pattern of azo-COP confirms the amor-
phous nature of the polymer (Figure 4). SEM analysis
of the 'PrTAPB-Azo-COP reveals uniformly distributed
several hundred nanometer-sized particles with spheri-
cal morphology (Figure 5a). TEM image of the polymer
shows a long ribbon-like structure with stacked layers
(Figure 5b).

3.2 Photophysical studies and PNACs detection

As the polymer is insoluble in common organic sol-
vents, absorption and emission studies were investigated
by dispersing 1 mg of ‘PrTAPB-Azo-COP in acetoni-
trile by sonication for 10 minutes at room tempera-
ture. The absorption spectrum of ‘PrTAPB-Azo-COP
exhibits three bands at 220, 265 and 358 nm which are
attributable to m — m* and n-1t* transitions (Figure 6a).
Further, the band at 358 nm is characteristic for azo-
functionality, which confirms the trans-orientation of
phenyl rings with respect to azo-linkage.?’ The emis-
sion spectrum of ‘PrTAPB-Azo-COP exhibits a broad
blue emission at 428 nm, which tails up to 540 nm,

(a) SEM and (b) TEM images of {PrTAPB-Azo-COP.
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Figure 7. Fluorescence quenching studies of 'PrTAPB-Azo-COP using (a) PA; (b) DNT; (c¢) p-DNB and

(d) m-DNB in acetonitrile (A¢yc; = 300 nm).

when excited at 300 nm (Figure 6b). In comparison
with the monomer (‘PrTAPB) emission wavelength (412
nm),?° the polymer emission is red shifted by 16 nm
due to the extended Tm-conjugation. Thus, the inherent
fluorescent behaviour of triphenylbenzene moieties in
"PrTAPB-Azo-COP paves the way for sensing of dif-
ferent electron deficient polynitroaromatic compounds

(PNACs) by quenching the fluorescent intensity of
polymer.

In order to investigate the detection of PNACs, four
different electron-deficient PNACs, picric acid (PA),
dinitrotoluene (DNT), p-dinitrobenzene (p- DNB) and
m-dinitrobenzene (m-DNB), were chosen as analytes.
The fluorescence intensity of the ‘PrTAPB-Azo-COP
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Figure 8. Change of 'PrTAPB-Azo-COP fluorescence maximum before and after the addition of (a) PA;
(b) DNT; (¢) p-DNB and (d) m-DNB in acetonitrile (Aoxc; = 300 nm).

has significantly diminished upon increasing the
concentration of PNACs (Figure 7). Particularly, an
abrupt change in fluorescence intensity was observed,
almost 77% of quenching, by the addition of 13 ppm
of PA (Figure 7a). This can be understood in terms
of, (a) high electron deficiency of the PA due to the
presence of three electron withdrawing nitro groups
and (b) transfer of acidic —OH proton from PA to
nitrogen atoms of azo-COP. As seen from Figure 8,
the fluorescence intensity of PA is red shifted by
14 nm (428 to 442 nm) after the addition of 13
ppm of PA, confirming the transfer of PA proton to
azo-COP.

This phenomenon has already been reported for other
small molecular sensors as well as polymers.2%2%34
These fluorescence studies suggest that ‘PrTAPB-Azo-
COP is a better sensor for the PA, because other
PNACs quench fluorescence only at higher concen-
trations (>350 ppm) that too with no observable
shift in the fluorescence spectral maximum after the
addition of the analytes (Figure 9). The extent of
quenching by different analytes after the addition of
13 ppm of PNACs is illustrated in Figure 10 and
Table 1.

—— Pure 'PrTAPB-Azo-COP
——PA; 13 ppm

—— DNT; 379 ppm

—— p-DNB; 329 ppm

—— m-DNB; 437 ppm

Intensity (a. u.)

450 480 510 540

Wavelength (nm)

390 420

Figure 9. Combined fluorescence quenching
profile of PNACs.

In order to evaluate the quenching efficiency of
"PrTAPB-Azo-COP, Stern—Volmer plot was employed
from the steady state fluorescence measurements (Fig-
ure 11) and the Stern-Volmer constants (Kgy) are
presented in Table 1. The Kgy values for PA, DNT, p-
DNB and m-DNB are calculated to be 1.1 x 10%, 1.7
x 10°4.3 x 10 and 8.9 x 10" M, respectively. The
order of quenching efficiency is PA >>  p-DNB >
DNT >> m-DNB. The ratio of fluorescence intensity
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Table 1. Quenching efficiencies for
'PrTAPB-Azo-COP  with  different
PNAGC:S.
Analyte(s) % Quenching K, (M™1)
PA 77 1.1 x10*
p-DNB 68 4.3 x103
DNT 48 1.7 x103
m-DNB 38 8.9 x10!
an = PA
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Figure 11. Stern—Volmer plots of ' PrTAPB-Azo-COP with

PNAC analytes.

against the concentration of PNACs follows linear or
quasi-linear dependence (linear at low concentrations)
and it is suggesting involvement of static quenching
mechanism (Figure 11).

3.3 Gas sorption studies

To evaluate the surface area, pore diameter and pore
size distribution of 'PrTAPB-Azo-COP, nitrogen sorp-
tion was investigated at 77 K and 1 bar. The N, isotherm
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of 'PrTAPB-Azo-COP exhibits Type I isotherm with
a sharp uptake of N, at low partial pressures (0.0-0.1
bar), indicating the presence of micropores in the poly-
meric network (Figure 12a). The hysteresis observed in
the high and low-pressure regions suggest the swelling
effect of the polymer at low temperature (77 K)* as
well as the presence of some mesopores in ‘PrTAPB-
Azo-COP.° The BET and Langmuir surface areas of
"PrTAPB-Azo-COP was estimated to be 395 and 697
m?g~!, which is either comparable or even higher
than the values observed for other azo-linked polymers
(azo-COP-3, 388 m?g~!;?” Azo-POF-2, 435 m?g~!;*
Az0-MOP-4,335 m?’g~";% ALP-7 and NOP-34 @5050,
412 m’g~';%35 NOP-34 @3070, 397 m’*g~";* Azo-
CPP-7, 197 m*g~';% NOP-34 @0100, 245 m*g~";%).
The observed values are however lower than a few
other azo-COPs (Py-azo-COP, 700 m?g~'; ALP-1, 1235
m?g~!; ALP-2, 1065 m?g~").>*" A complete list of sur-
face area of azo-COPs is presented in Table S2 in SI.
The pore size distribution (PSD) and pore diameter were
calculated from Non-Local Density Functional Theory
(NLDFT) method. The adsorption branch of the nitro-
gen isotherm was fitted to slit-pore model on carbon at
77 K. PSD study shows that "PrTAPB-Azo-COP has a
major peak at 9.6 A, confirming that the polymer essen-
tially contains uniform pores in the framework, though
a small hump appears in the mesopore range (37.0 A)
(Figure 12b). The pore volume of ‘PrTAPB-Azo-COP
was evaluated from the nitrogen gas adsorbed at P/P, =
0.99 to be 0.259 cc g~'. The surface area, pore diameter
and pore volume of 'PrTAPB-Azo-COP were lower than
unsubstituted variant ALP-4 (Sggr = 862m?g~!, pore
diameter = 11.0 A and pore volume = 0.50 cc g").?” due
to the presence of bulky isopropyl groups. The nitrogen
sorption measurement results suggest that the pores in
the "PrTAPB-Azo-COP can be used for hosting various
guest molecules and gases such as CO,,

The presence of CO,-philic nitrogen atoms in the
form of azo linkages and the dominant micropores
with few mesopores inspired us to investigate the CO,
adsorption behaviour of 'PrTAPB-Azo-COP. The CO,
adsorption measurements were evaluated at two dif-
ferent temperatures (273 and 298 K) up to 1 bar.
"PrTAPB-Azo-COP exhibits CO, uptake of 6.5 and 3.9
wt % at 273 and 298 K, respectively (Figure 13a).
The CO, uptake values obtained are moderate as com-
pared to the previously reported azo-linked polymers
(Table S2, SI). The CO, isotherms exhibit completely
reversible isotherms suggesting a weak interaction of
CO, with the framework, suggesting facile regenera-
tion of the material without any external stimuli. The
azo-linked polymers synthesized from the flat aromatic
platforms, without any pore blocking substituents in the
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vicinity of -N=N- linkage, have shown better selectivity
towards CO, due to the availability of -N=N- moieties
for CO, to interact. However, in the present case, the
bulky isopropyl substituents in the vicinity of —-N=N-
functionalities substantially reduce the interaction of the
CO,with the polymer.’

For a better understanding of the CO, uptake, the
isosteric heat of adsorption (Q,,) was calculated by
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(a) CO, uptake at 273 and 298 K at 1 bar and (b) Isosteric heat of adsorption profile.

fitting the adsorption data collected at 273 and 298 K by
implementing Classius-Clayeperon equation. The Q;
value for "PrTAPB-Azo-COP at zero coverage was esti-
mated to be 27.5 kJ mol " (Figure 13b), which is com-
parable to the values observed for previously reported
azo-linked porous polymers (Table S2 in SI). Low-
pressure CO, uptake studies of ‘PrTAPB-Azo-COP
exhibits unsaturation at 1 bar. These results prompted us
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to investigate the high-pressure CO, uptake, resulting in
3 times increase in the CO, uptake capacity values. The
CO, adsorption saturates at 19.6 wt% at 30 bar (273
K) and at 12.8 wt% at 25.0 bar (298 K) (Figure 14).
Even though the bulky isopropyl groups flank the
—~N=N- functionalities in the polymer, ‘PrTAPB-Azo-
COP exhibits higher selectivity towards CO, adsorption
as compared to N, both at 273 and 298 K (Figure 15).

4. Conclusions

In summary, we have synthesised and characterized a
fluorescent triphenybenzene based azo-linked covalent
organic polymer, ‘PrTAPB-Azo-COP, which is dec-
orated with bulky isopropyl substituents. The COP
exhibits excellent hydrolytic and chemical stability due
to the presence of isopropyl groups and rigid azo
linkages. ‘PrTAPB-Azo-COP exhibits significant BET
surface area of 395 m’g~! and abundant microposity
9.6 A) along with mesopores (37.0 A). The band at

358 nm in the absorption spectrum of ‘PrTAPB-Azo-
COP confirms the frans-orientation of the phenyl rings
with respective to -N=N- linkages in the polymer net-
work. The fluorescence spectrum of COP exhibits single
broadband centred at 428 nm upon exciting at 300 nm
and the intensity of the fluorescence was quenched by
polynitroaromatic compounds (PNACs). Interestingly,
PA has quenched the fluorescence at low concentration
(13 ppm) compared to other PNACs. Owing to the CO,-
philic nature of azo functionality, 'PrTAPB-Azo-COP
exhibits CO, capture of about 6.5 wt% at 273 K and
1 bar but the CO, uptake was increased by 3 times
(19.6 wt %) at higher pressure (30 bar and 273 K).
Thus, it was concluded that fluorescent m-conjugated
triphenylbenzene polymers/frameworks are potentially
useful not only for detection of explosive but also in the
area of other photo-electronic materials such as OLEDs
and OFETs. It appears that an increase in CO,-philic
nitrogen content in the porous network would lead to
higher CO,uptake. We are currently exploring these
aspects.
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Supplementary Information (SI)

CP-MAS '3C NMR spectrum, comparison of PA’s Stern-
Volmer constant (Ksy) value of ‘PrTAPB-Azo-COP with
small molecules, MOFs, COFs and COPs and comparison
of surface area, CO, uptake and isosteric heat of adsorption
(Qqy¢) of IPrTAPB-Azo-COP with various reported azo-linked
polymers. Figure S1 and Tables S1 and S2 are available at
www.ias.ac.in/chemsci.
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