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A B S T R A C T   

In this study we prepared four different fluorescent hybrid microporous polymers (HPPs) derived from cubic 
octavinylsilsesquioxane (OVS) through Heck coupling with brominated anthracene (An-Br2), triphenyltriazine 
(TPT-Br3), bicarbazole (Car-Br4) and tetraphenylethene (TPE-Br4). The chemical structures of these HPPs were 
confirmed using Fourier transform infrared spectroscopy and solid-state NMR spectroscopy. Thermogravimetric 
analysis and N2 adsorption/desorption measurements revealed that each of these HPPs had outstanding thermal 
stability, a high surface area, and inherent porosity. The CO2 uptakes of TPT-HPP and Car-HPP at 273 and 298 K 
were higher than those of An-HPP and TPE-HPP. Furthermore, the luminescence of these HPPs could be 
quenched completely upon the addition of Fe2+, and Fe3+ metal cations. Thus, these HPP materials appear to be 
good candidates for CO2 adsorption and metal ion sensing.   

1. Introduction 

Covalent organic porous polymers (OPPs) are emerging types of 
materials having two- or three-dimensional network structures, inherent 
porosity, high surface areas, and high total pore volumes [1–15]. They 
have recently attracted interest from industry and academia because of 
their potential applications in gas storage, heterogeneous catalysis, 
chemosensing, optoelectronics, light harvesting, energy conversion, 
hydrogen evolution, the oxygen reduction reaction, water treatment, 
and gas separation [16–29]. Fluorescent organic porous polymers (FPPs) 
are generally constructed from rigid and extended π-conjugated aro-
matic compounds, which enhance the porosity by inhibiting the network 
from collapsing and provide the materials with luminescence properties 
[30–33]. Many color-tunable conjugated microporous polymers (CMPs) 
have been prepared by introducing pyrene (Py), bicarbazole (Car), tri-
phenylamine, tetraphenylethene (TPE), and phenyl moieties into these 
materials [34–37]. The most interesting property of FPPs is that their 
emissions are typically stronger than those of conventional conjugated 
polymers, presumably because their highly porous network architec-
tures inhibit chain aggregation [5,38–41]. Although OPPs would appear 
to have many applications in various fields, their use remains limited 
because of poor thermal and mechanical properties [5]. 

Inorganic polyhedral oligomeric silsesquioxane (POSS, typically 
R8Si8O12) has been used as a building block for the preparation and 
construction of many hybrid polymers [5,42–45]. Hybrid porous poly-
mers derived from bulky and rigid POSS moieties have received much 
attention recently for their excellent chemical, mechanical, and thermal 
stability and flame and water retardance [42–48]. The preparation of 
porous POSS nanocomposite materials has been achieved using Sono-
gashira, hydrosilylation, Heck, Yamamoto, and Friedel–Crafts reactions 
[5,49–55]. In many cases, the solubility, quantum yields, and photo-
physical properties of polymers can be improved after the introduction 
of POSS units [5]. For example, Liu et al. prepared a nanoporous poly-
mer (Py-HPP) incorporating Py and octavinylsilsesquioxane (OVS) 
moieties through a Friedel–Crafts reaction; it exhibited excellent 
adsorption uptake toward berberine chloride hydrate (BCH) [56]. Geng 
et al. synthesized luminescent CMPs based on TPE through reactions 
catalyzed by CH3SO3H; these materials had surface areas of up to 564 
m2 g− 1 and displayed excellent I2 adsorption [57]. In addition, Liu et al. 
prepared a series of hybrid porous materials through Friedel–Crafts re-
actions between TPE and OVS; these porous polymers possessed high 
surface areas and micro- and mesoporous structures [10]. Liu et al. also 
prepared two different kinds of hybrid polymers (HPP-1, HPP-2) 
through Heck reactions of OVS with 2,2′,7,7′-tetrabromo-9, 
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9′-spirobifluorene and 1,3,6,8-tetrabromopyrene [58]. Sprick and his 
group prepared CMP networks based on phenyl- and pyrene-based 
monomers through Suzuki–Miyaura copolymerization. They found 
that the resulted materials exhibited different color by altering the 
monomer ratio, and specific monomer compositions and these materials 
can act as effective photocatalysts for the hydrogen production from 
water [59]. Xu et al. reported that CMP with highly yellow 
light-emitting based on tetrakis(4-bromophenyl)ethene and the result-
ing CMP can act as an antenna for light-harvesting [36]. 

In this study, we prepared four different luminescent hybrid micro-
porous polymers (HPPs) through Heck reactions of OVS with bromi-
nated anthracene (An-Br2), triphenyltriazine (TPT-Br3), bicarbazole 
(Car-Br4), and TPE (TPE-Br4) [Scheme 1]. As reported, these four 
monomers have different planarity; for example, anthracene and tri-
phenyl triazine are planar aromatic hydrocarbon; bicarbazole molecule 
is nonplanar and extended in two perpendicular positions with a 
torsional angle of 125◦; and tetraphenylethene molecule has propeller-
like, nonplanar conformations and its four phenyl rings are twisted out 

of the central alkene plane by ~50◦. Therefore, we expect that the 
preparation luminescent hybrid microporous polymers containing POSS 
unit and these four monomers, we can obtain on porous materials with 
different properties such as thermal stability, porosities, morphology, 
and optical properties. We used Fourier transform infrared (FTIR) 
spectroscopy and solid-state NMR spectroscopy confirmed their chemi-
cal. We performed X-ray diffraction (XRD), the Brunauer–Emmett–-
Teller (BET) method, photoluminescence (PL) spectroscopy, scanning 
electron microscopy (SEM), and transmission electron microscopy 
(TEM) to study the surface morphologies, porosities, crystallinities, and 
emission properties of these polymers in the solid state and in solvents of 
various polarities. We also applied the BET method and PL spectroscopy 
to examine the potential applications of these materials for CO2 uptake 
and the sensing for various metal cations. 

2. Experimental 

2.1. Materials 

Octavinylsilsesquioxane (OVS), potassium carbonate (K2CO3), trie-
thylamine (Et3N), tetrahydrofuran (THF), acetone, methanol (MeOH), 
dimethyl sulfoxide (DMSO), anhydrous ferric chloride (FeCl3), ferrous 
chloride (FeCl2), magnesium chloride (MgCl2), zinc chloride (ZnCl2) and 
copper(II) chloride (CuCl2) were purchased from Alfa Aesar. Potassium 
iodide (KI) and nickel(II) chloride (NiCl2) were ordered from Showa. 
Tetrakis(triphenylphosphine)palladium(0) [Pd(PPh3)4] was obtained 
from Sigma–Aldrich. N,N-Dimethylformamide (DMF) was dried at 90 ◦C 
for 12 h over CaH2. 2,4,6-Tris(4-bromophenyl)-1,3,5-triazine (TPT-Br3), 
3,3′,6,6′-tetrabromo-9,9′-bicarbazole (Car-Br4), and 1,1,2,2-tetrakis(4- 
bromophenyl)ethene (TPE-Br4) were prepared using previously re-
ported methods [19,22,24,29] [Scheme S1–S4]. The NMR spectral data 
of these synthesized monomers were consistent with those reported 
[Fig. S1–S8]. 

2.2.9,10-Dibromoanthracene (An-Br2): In a one-neck flask, Br2 

Scheme 1. Syntheses of (a) An-HPP, (b) TPT-HPP, (c) Car-HPP and (d) 
TPE-HPP. 

Fig. 1. FTIR spectra (recorded at 25 ◦C) of (a) OVS, (b) An-HPP, (c) TPT-HPP, (d) Car-HPP, and (e) TPE-HPP.  
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(35.8 g, 11.6 mL, 0.224 mol) was added dropwise to a solution of 
anthracene (20.0 g, 0.112 mol) in acetic acid (600 mL). The solution was 
stirred for 4 h until a yellow solid appeared. Then the yellow solid was 
filtered off, washed with methanol and dried at 50 ◦C for 24 h to afford 
An-Br2 (35.4 g, 94%); mp: 220–222 ◦C. 1H NMR (500 MHz, CDCl3, δ, 
ppm, Fig. S1): 8.57 (4H, ArCH1,4,5,8), 7.62 (4H, ArCH2,3,6,7). 13C NMR 
(125 MHz, CDCl3, δ, ppm, Fig. S2). 131.63, 128.88, 128.09, 123.76. 

2.3. An-HPP: OVS (1.26 g, 2.00 mmol), Pd(PPh3)4 (126 mg, 0.100 
mmol), An-Br2 (1.00 g, 40.0 mmol), K2CO3 (4.40 g, 32.0 mmol), and dry 
DMF (40 mL) were charged in a dry three-neck flask under a N2 atmo-
sphere. The mixture was stirred at 120 ◦C for 72. The precipitate was 
filtered off, washed sequentially with THF, water, MeOH, and acetone, 
and dried under reduced pressure at 90 ◦C for 48 h to afford An-HPP as a 
green solid (1 g). 

2.4. TPT-HPP: OVS (1.26 g, 2.00 mmol), Pd(PPh3)4 (126 mg, 0.100 
mmol), TPT-Br3 (1.00 g, 40.0 mmol), K2CO3 (4.40 g, 32.0 mmol), and 
dry DMF (40 mL) were charged in a dry three-neck flask under a N2 
atmosphere. The mixture was stirred at 120 ◦C for 3 days. The precipi-
tate was filtered off, washed sequentially with THF, water, MeOH, and 
acetone, and dried under reduced pressure at 90 ◦C for 48 h to afford 
TPT-HPP as a yellow solid (1.2 g). 

2.5. Car-HPP: OVS (1.26 g, 2.00 mmol), Pd(PPh3)4 (126 mg, 0.100 
mmol), Car-Br4 (1.00 g, 40.0 mmol), K2CO3 (4.40 g, 32.0 mmol), and dry 
DMF (40 mL) were charged in a dry three-neck flask under a N2 atmo-
sphere. The mixture was stirred at 120 ◦C for 3 days. The precipitate was 
filtered off, washed sequentially with THF, water, MeOH, and acetone, 
and dried under reduced pressure at 90 ◦C for 48 h to afford Car-HPP as a 
brown solid (1.1 g). 

2.6. TPE-HPP: OVS (1.26 g, 2.00 mmol), Pd(PPh3)4 (126 mg, 0.100 
mmol), TPE-Br4 (1.00 g, 40.0 mmol), K2CO3 (4.40 g, 32.0 mmol), and 
dry DMF (40 mL) were charged in a dry three-neck flask under a N2 
atmosphere. The mixture was stirred at 120 ◦C for 3 days. The precipi-
tate was filtered off, washed sequentially with THF, water, MeOH, and 
acetone, and dried under reduced pressure at 90 ◦C for 48 h to afford 
TPE-HPP as a light-yellow solid (0.86 g). 

Metal ion titration procedure 

1 mg/mL of An-HPP, TPT-HPP, Car-HPP and TPE-HPP was prepared 
in ethanol solution and stored at 4 ◦C. Then, FeCl3 was dissolved in Milli- 
Q water for obtaining metal ion stock solutions (10− 2 mol/L). Afterthat, 
different concentrations of Fe3+ ions were added to an ethanol solution 
of An-HPP TPT-HPP, Car-HPP and TPE-HPP and mixed. Finally, the 
photoluminescence spectra were recorded. 

3. Results and discussion 

3.1. Synthesis of An-HPP, TPT-HPP, Car-HPP, and TPE-HPP 

Scheme 1 displays the synthetic routes that we followed to prepare 
the four different POSS-based fluorescent HPPs. We obtained An-HPP, 
TPT-HPP, Car-HPP, and TPE-HPP through Heck reactions of OVS with 
An-Br2, TPT-Br3, Car-Br4, and TPE-Br4, respectively, each in dry DMF 
containing Pd(PPh3)4 and K2CO3, at 120 ◦C for 3 days. After the re-
actions had reached completion, the crude materials were washed 
several times with THF, H2O, acetone, and MeOH to remove any traces 
of salts, catalyst, and unreacted monomers. The resulting porous poly-
mers were insoluble in DMF, THF, CH2Cl2, MeOH, and acetone. We used 
FTIR spectroscopy and solid-state NMR spectroscopy to confirm the 
chemical structures of An-HPP, TPT-HPP, Car-HPP and TPE-HPP. The 
FTIR spectrum of OVS [Fig. 1(A) and (B)] features absorption bands at 
3066, 1600 and 1107 cm− 1, corresponding to stretching vibrations of 
the C––C–H, C––C, and Si–O–Si units, respectively. The FTIR spectra of 
An-HPP, TPT-HPP, Car-HPP, and TPE-HPP [Fig. 1(b–e)] featured ab-
sorption signals in the range 3050–3084 cm− 1 for stretching of their 
aromatic C–H units and at 1600 cm− 1 for stretching of their C––C bonds. 

In addition, the spectrum of TPT-HPP [Fig. 1(c)] featured absorptions 
bands at 1571 and 1365 cm− 1 representing the triazine ring. The ab-
sorption bands for Si–O–Si stretching at 1107 cm− 1 were broader in the 
FTIR spectra of An-HPP, TPT-HPP, Car-HPP, and TPE-HPP than they 
were in the spectrum of OVS, consistent with the presence of cross- 
linked networks [5,58–63]. 

Fig. 2 presents the solid state 13C CP/MAS NMR spectra of our four 
POSS-based fluorescent HPPs. The signals of the carbon nuclei of the 
SiCH––CH and SiCH––CH-Ph units were centered at 126 and 135 ppm, 
respectively, for An-HPP [Fig. 2(a)], at 123 and 142 ppm, respectively, 
for TPT-HPP [Fig. 2(b)], at 124 and 140 ppm, respectively, for Car-HPP 
[Fig. 2(c)], and at 127 and 138 ppm, respectively, for TPE-HPP [Fig. 2 
(d)], consistent with the formation of internal olefinic bonds through the 
reactions of the brominated aromatic compounds and vinyl groups. We 
attribute the signals for An-HPP, TPT-HPP, Car-HPP, and TPE-HPP in the 
ranges 135–131, 136–131, 140–132, and 138–132 ppm, respectively, to 
the carbon nuclei of their anthracene, triazine, Car, and TPE units. In 
addition, a peak appeared in the spectrum of TPT-HPP at 172 ppm 
[Fig. 2(b)], representing the C––N moieties of its triazine units. 

Furthermore, we recorded 29Si MAS NMR spectra [Fig. 3(a–d)] to 

Fig. 2. Solid state 13C CP/MAS NMR spectra (recorded at 25 ◦C) of (a) An-HPP, 
(b) TPT-HPP, (c) Car-HPP, and (d) TPE-HPP. Asterisks denote spin-
ning sidebands. 

Fig. 3. Solid state 29Si NMR spectra (recorded at 25 ◦C) of (a) An-HPP, (b) TPT- 
HPP, (c) Car-HPP, and (d) TPE-HPP. Asterisks denote spinning side-bands. 
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confirm the presence of POSS units in these HPPs. Each of these spectra 
featured signals near 69.02 and 80.52 ppm, attributable to the presence 
of T2 and T3 units in the framework [Tn: CSi(OSi)n(OH)3–n]; that is, 
partial collapse of the POSS moieties occurred during the reaction, but 
POSS units remained in all of these frameworks [5,49,52]. Taken 
together, these spectral analyses confirmed the successful syntheses of 
An-HPP, TPT-HPP, Car-HPP, and TPE-HPP. 

We used thermogravimetric analysis (TGA) to evaluate the thermal 
stability of An-HPP, TPT-HPP, Car-HPP, and TPE-HPP and their mono-
mers (Fig. 4). OVS provided thermal degradation temperatures (Td5 and 
Td10) of 246 and 263 ◦C, respectively, with a char yield of 3.62%. After 
crosslinking OVS with An-Br2, TPT-Br3, Car-Br4, and TPE-Br4, the ther-
mal degradation temperatures and the char yields increased for all the 
resulting polymer frameworks. For An-HPP, the values of Td5 and Td10 
and the char yield were 505 ◦C, 614 ◦C, and 88% respectively; for TPT- 

HPP they were 432 ◦C, 533 ◦C, and 74%, respectively; for Car-HPP they 
were 329 ◦C, 389 ◦C, and 73%, respectively; and for TPE-HPP they were 
319 ◦C, 492 ◦C, and 77%, respectively. Thus, the An-HPP framework 
exhibited outstandingly high thermal stability when compared with the 
other frameworks, due to its rigid aromatic structure and high cross-
linking density. Table S1 summarizes the values of Td5 and Td10 and the 
char yields for OVS, the four fluorescent monomers, and the four HPPs. 

The XRD patterns of these microporous polymers (Fig. S9) did not 
reveal any long-range crystallographic features, suggesting amorphous 
character [5,49]. We used field-emission SEM (FE-SEM) and 
high-resolution TEM (HR-TEM) to examine the surface morphologies, 
ordering, and textural properties of these four polymers. The SEM im-
ages in Fig. 5(a–d) reveal that our four microporous polymers all 
comprised similarly shaped irregularly aggregated spherical particles 
having dimensions of several nanometers. The TEM images in Fig. 5 

Fig. 4. TGA traces of OVS, An-Br2, TPT-Br3, Car-Br4, and TPE-Br4 and their corresponding HPPs.  

Fig. 5. (a–d)SEM and (e–h) TEM images of (a, e) An-HPP, (b, f) TPT-HPP, (c, g) Car-HPP, and (d, h) TPE-HPP.  
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(e–h) reveal that these polymer frameworks were microporous materials 
possessing uniform pore structures (<2 nm). Furthermore, the TEM 
images suggested that these polymer structures had no long-range order, 
consistent with the XRD patterns in Fig. S9. 

To examine the porosity of An-HPP, TPT-HPP, Car-HPP, and TPE- 
HPP, we recorded their N2 adsorption and desorption properties at 77 
K (Fig. 6). Based on IUPAC classification, all of the N2 isotherms of these 
polymers were of type I and II. Each N2 isotherm exhibited a sharp N2 
uptake at low pressure and then increasing N2 adsorption at higher 
relative pressure. The BET specific surface areas and total pore volumes 
(Vtotal) were 611 m2 g− 1 and 0.63 cm3 g− 1, respectively, for An-HPP; 
626 m2 g− 1 and 1.83 cm3 g− 1, respectively, for TPT-HPP; 585 m2 g− 1 

and 0.75 cm3 g− 1, respectively, for Car-HPP; and 400 m2 g− 1 and 0.53 

cm3 g− 1, respectively, for TPE-HPP. We used nonlocal density functional 
theory (NL-DFT) to determine the pore size diameters of An-HPP, TPT- 
HPP, Car-HPP, and TPE-HPP [Fig. 6(e–h)]. An-HPP featured pores of 
two sizes, with diameters of 2.19 and 1.00 nm; the pore size distribution 
curves of TPT-HPP, Car-HPP, and TPE-HPP revealed narrow micropore 
distributions, with two average pore diameters of 1.00–9.49, 1.01–9.47, 
and 1.16–4.91 nm, respectively. Thus, the BET surface areas and total 
pore volumes of An-HPP, TPT-HPP, and Car-HPP were higher than those 
of TPE-HPP, presumably because of greater cross-linking densities and 
relatively smoother connections between the POSS units and the 
anthracene, triazine, and Car moieties. The pore size distribution curves 
[Fig. 6 (e–g)] showed that An-HPP, TPT-HPP, and Car-HPP materials 
contain mesoporous structures. 

3.2. CO2 uptake and metal ion sensing 

Because of their high porosities (with high BET surface areas and 
different average pore diameters), we expected our materials to uptake 
CO2. Thus, we performed CO2 adsorption measurements at two different 
temperatures: 298 and 273 K [Fig. 7(a) and 7(b)]. The CO2 capacities of 
An-HPP, TPT-HPP, Car-HPP, and TPE-HPP at 298 K were 0.52, 0.90, 
1.24, and 0.85 mmol g− 1, respectively; at 273 K, they were 1.29, 1.99, 
2.29, and 1.49 mmol g− 1, respectively. Interestingly, the CO2 uptakes of 
TPT-HPP and Car-HPP at 273 K were higher than those of An-HPP, TPE- 
HPP, and other porous polymers derived from 1,3,5-tribromobenzene 
and OVS [49,52], presumably because of the presence of triazine and 
Car units in the former pair. The incorporation of some functional 
groups (e.g., carboxyl, amino) into porous materials has been found 
previously to enhance CO2 uptake [64–66]. Furthermore, Cooper et al. 
reported that triazine porous framework materials exhibited excellent 
adsorption of CO2 when compared with corresponding benzene de-
rivatives [67,68]. As presented in Table S2, TPT-HPP and Car-HPP dis-
played excellent CO2 uptake performance when compared with the 
other porous materials. 

We used fluorescence measurements to examine the photophysical 

Fig. 6. (a –d) N2 adsorption/desorption isotherms and (e–h) pore size distribution curves of (a, e) An-HPP, (b, f) TPT-HPP, (c, g) Car-HPP, and (d, h) TPE-HPP.  

Fig. 7. CO2 uptake isotherms of An-HPP, TPT-HPP, Car-HPP, and TPE-HPP 
recorded at (a) 298 and (b) 273 K. 
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properties of our microporous polymers in the solid state and in solvents 
of various polarities. The UV–Vis absorption spectra (Fig. S10) of An- 
HPP, TPT-HPP, Car-HPP, and TPE-HPP each featured a broad absorp-
tion near 247 nm, attributed to their π–π* transitions. Fig. 8 displays the 
fluorescence emission spectra of An-HPP, TPT-HPP, Car-HPP and TPE- 
HPP in the solid state, with excitation at 365 nm. The spectrum of the 
anthracene-based microporous polymer An-HPP featured a broad 
emission peak at 512 nm; the maximum emission bands appeared at 494 
and 519 nm for TPT-HPP, at 492 nm for Car-HPP, and at 528 nm for TPE- 
HPP. TPT-HPP and TPE-HPP exhibited higher fluorescence intensities 
and slightly red-shifted emissions when compared with An-HPP and Car- 
HPP. 

We recorded the fluorescence spectra [Fig. 9(a–d)] of these micro-
porous polymers in various solvents. The PL spectra recorded from THF, 

acetone, DMF, DMSO, and EtOH solutions featured emission peaks at 
489, 498, 475, 480, and 472 nm, respectively, for An-HPP; at 492, 488, 
479, 469, and 494 nm, respectively, for TPT-HPP; at 444, 433, 435, 431, 
and 439 nm, respectively, for Car-HPP; and at 520, 519, 517, 518, and 
517 nm, respectively, for TPE-HPP. Thus, when the solvent polarity 
increased upon proceeding from THF to DMSO, the emission signals of 
An-HPP, TPT-HPP, and Car-HPP shifted from 482 to 500, from 478 to 
490, and from 432 to 446 nm, respectively. Thus, these new materials 
exhibited solvatochromism, presumably because their π-conjugated 
structures and unfolded polymer backbones decreased the degree of 
chain aggregation [69–71]. Recently, Liu et al. prepared porous fluo-
rescent polymers from flexible 2,4,6,8-tetramethyl-2,4,6,8-tetravinylcy-
clotetrasiloxanes and used them to detect Fe3+ ions and explosive 
materials [72]. 

Accordingly, we investigated the performance and selectivity of so-
lutions of An-HPP, TPT-HPP, Car-HPP, and TPE-HPP in EtOH toward 
three different metal cations: Cu2+, Fe2+, Fe3+, Mg2+, Ni2+, Zn2+, and 
K+ [Fig. 10(a–d)]. As noted above, the fluorescence spectra of An-HPP, 
TPT-HPP, Car-HPP, and TPE-HPP in EtOH featured maximum broad 
emission peaks centered at 472, 494, 439, and 517 nm, respectively. 
After the addition of Cu2+ cations into solutions of these four micropo-
rous polymers, the PL emission intensities of An-HPP, TPT-HPP, and Car- 
HPP all decreased slightly, whereas emission quenching occurred in the 
case of TPE-HPP [Fig. 10(d)]. Upon the addition of Fe2+ and Fe3+, the PL 
emission intensities of An-HPP, TPT-HPP, Car-HPP, and TPE-HPP were 
all quenched completely. As observed in Fig. 10(a–d), the PL emission 
intensities of An-HPP, TPT-HPP, Car-HPP, and TPE-HPP were increased 
upon the addition of Mg2+, Ni2+ and Zn2+. Upon the addition of K+

cation into An-HPP, TPT-HPP, Car-HPP, and TPE-HPP solution, the PL 
emission intensities of An-HPP, TPT-HPP and TPE-HPP all increased, 
whereas the PL emission intensity of Car-HPP decreased slightly. 

In addition, we also examine the selectivity of solutions of An-HPP, 
TPT-HPP, Car-HPP, and TPE-HPP in EtOH toward aqueous solution of 
Fe3+ cation as presented in Fig. 11(a–d). Based on the experimental 
results, the luminescence intensity of An-HPP, TPT-HPP, Car-HPP, and 
TPE-HPP has a significant effect upon the addition different 

Fig. 8. Solid state PL spectra (excitation: 365 nm) of (a) An-HPP, (b) TPT-HPP, 
(c) Car-HPP, and (d) TPE-HPP. Photographs of (e) An-HPP, (f) TPT-HPP, (g) 
Car-HPP, and (h) TPE-HPP in the solid state under 365 nm UV illumination. 

Fig. 9. PL spectra (excitation: 365 nm) of (a) An-HPP, (b) TPT-HPP, (c) Car-HPP, and (d) TPE-HPP in THF, acetone, DMF, DMSO, and EtOH.  
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concentration of Fe3+ solution. As observed from Fig. 11(a-d), the PL 
emission intensities of An-HPP, TPT-HPP and TPE-HPP decreased 
obviously and completely quenched when the increase the concentra-
tion of Fe3+ ions. Then, we estimated the quenching constant value (KSV) 
by using Stern–Volmer equation: I0/I = 1 + Ksv[M]; where I0, I and M 
represents the PL intensity before Fe3+ addition, the luminous intensity 
after Fe3+ addition, and the molar concentration of Fe3+, respectively. 
We found that the values of quenching constant (KSV) [Fig. S11(a-d)] 
were 8.13 × 102, 5.69 × 103, 1.33 × 103 and 1.8 × 103 M− 1 for An-HPP, 

TPT-HPP, Car-HPP, and TPE-HPP, respectively. Furthermore, the limit 
of detection (LOD) of An-HPP, TPT-HPP, Car-HPP, and TPE-HPP was 
calculated by using this equation: LOD = 3S/b, where b is the slope of the 
calibration curve and S is the standard deviation of the fluorescence 
response. The LOD values were 46.0, 48.0, 229.0 and 138.0 μM for An- 
HPP, TPT-HPP, Car-HPP, and TPE-HPP. The association constant (Ka) of 
An-HPP, TPT-HPP, Car-HPP and TPE-HPP with Fe3+ cation was esti-
mated using the standard Benesi-Hildebrand equation (1) [73,74]. 

Fig. 10. PL spectra (excitation: 365 nm) of (a) An-HPP, (b) TPT-HPP, (c) Car-HPP, and (d) TPE-HPP in EtOH in the presence of Cu2+, Fe2+, Fe3+, Mg2+, Ni2+, Zn2+, 
and K+ cations. 

Fig. 11. Photoluminescence responses (excitation: 365 nm) of (a) An-HPP, (b) TPT-HPP, (c) Car-HPP, and (d) TPE-HPP sensor upon addition of Fe3+ cation.  
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Fmax − F0

F − F0
=

1
[Fe3+]

2Ka
(1)  

where, F0 is the fluorescence intensity of free sensor; F is the observed 
fluorescence intensity at any given concentration of Fe3+ in micromolar; 
Fmax is the intensity at saturation point with the Fe3+; and Ka is the as-
sociation constant (M− 2). Ka was determined graphically by plotting 
(Fmax − F0)/(F–F0) versus 1/[Fe3+]2 (Fig. S12). As shown in Fig. S12(a- 
d), The values of Ka were 2.09 × 105, 2.37 × 106, 4.98 × 105 and 8.78 ×
106 M− 2 for An-HPP, TPT-HPP, Car-HPP, and TPE-HPP, respectively. 

4. Conclusion 

We have synthesized four new POSS-based fluorescent HPPs—An- 
HPP, TPT-HPP, Car-HPP, and TPE-HPP through Heck reactions of a 
bulky POSS building block with the brominated monomers An-Br2, TPT- 
Br3, Car-Br4, and TPE-Br4 in the presence of Pd(PPh3)4. TGA revealed 
that An-HPP, TPT-HPP, Car-HPP, and TPE-HPP possessed thermal 
degradation temperatures and char yields higher than those of other 
previously reported organic FPPs, presumably because of the presence of 
rigid and bulky POSS units in the polymer frameworks. TPT-HPP and 
Car-HPP displayed excellent CO2 uptake performance when compared 
with the other porous materials (Table S2). Finally, PL spectral mea-
surements revealed that An-HPP, TPT-HPP, Car-HPP, and TPE-HPP 
could all act as chemical sensors for the metal cations Fe2+, and Fe3+

in solution. Thus, HPPs such as these could be useful candidate materials 
for CO2 adsorption and metal ion sensing. 
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