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Two-Dimensional Response  

Heping Ma,
a
 Bin Li,

a
* Liming Zhang

 a
, Dong Han

 a
 and Guangshan Zhu

b 

A series of core-shell porous aromatic frameworks (PAFs) are synthesized for selective detection of nitro-explosives. The 

conjugated core-shell PAFs possess large surface area, which can facilitate the pre-concentration of a targeted analyte, 

leading to superior sensitivity. The tunable LUMO energy levels of these core-shell PAFs make them selectively detecting 

high explosive TNT and TNP from other competing nitro compounds. Moreover, vapor phase detection of nitro aromatics 

for PPC-PPyS-PAF-2 exhibits a two dimensional fluorescence signal response toward different nitro aromatics. The power to 

accurately recognize nitro aromatic explosives in fluorescent 2D map highlights the core-shell PAFs as very promising 

materials for nitro explosive sensing.

1. Introduction 

Detection of life-threatening explosives is crucial for military 

endeavors, national security, criminal investigations as well as 

for environment and human health.[1] Recent rise in global 

terrorism has required that the methods for detecting 

explosives should be sensitive, low-cost and miniaturized. 

Fluorescent sensing has emerged as a desirable approach for 

many sensing applications because of its potential for high 

sensitivity, rapidity of analysis, portability, and cost-

effectiveness.[2] Utilizing luminescent materials, effective 

detection of many high explosive or explosive-like molecules 

can be achieved by changing of their optical signals.[3] 

Numerous electron-rich fluorescent conjugated polymers,[4] 

dyes,[5] fluorescent organic cages,[6] quantum dots[7] and 

metal organic frameworks (MOFs)[8] have been used in the 

detection of trace amount of nitro aromatics, which are 

typically based on fluorescence quenching. 

However, solely monitoring the change in emission intensity of 

luminescent materials can only identify analytes of different 

categories. For instance, electron deficient molecules as a 

group can act as fluorescent quenchers. It is still insufficient for 

accurate and selective detection of one specific electron 

deficient molecule in their mixture. Upon introducing the 

change of emission wavelength into detection map, it can add 

a new variable of fluorescence signal transduction: from one-

dimension (emission intensity) to two-dimensions (both 

fluorescence intensity and wavelength), which may be an 

effective method to identify one specific molecule in the 

presence of others.[9] The pioneering work of Li et al. has 

demonstrated the potential application of luminescent MOFs 

for explosives detection by fluorescence two-dimensional 

map.[9,10] Strong analyte-MOF framework interactions are 

essential to generate a fluorescence signal change both in 

fluorescence intensity and wavelength. However, moisture 

sensitive nature of these MOFs may hinder them in practical 

application. 

Porous aromatic framework (PAF), as a new class of nanopore 

materials, have been demonstrated as a frontier research 

theme in porous materials. The versatile organic moieties in 

PAFs make them considerable promising materials in gas 

adsorption,[11] sensing,[12] photoconductive devices[13] and 

heterogeneous catalysis,[14]etc. Conjugated PAFs are 

attractive materials with π-conjugation properties that allow 

for the detection of various chemicals. Several porous 

luminescent PAFs have exhibited fast detection for 

nitroaromatic explosives via fluorescence quenching.[15] Due 

to their insufficiency excitation-emission center in the skeleton, 

it is difficult to realize fluorescence two-dimensional (2D) 

detection in these PAFs. Herein we report the first example of 

conjugated core-shell porous aromatic frameworks (PAFs) to 

achieve fluorescent 2D detection of nitroaromatic explosives. 

The core-shell PAFs possess: (1) large surface areas, which can 

facilitate the pre-concentration of a targeted analyte, leading 

to superior sensitivity; (2) two different chromophores in the 

core and the shell respectively, which can realize both 

fluorescence intensity and wavelength change in the nitro 

aromatic explosives detection.
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2. Results 

2.1. Synthesis and characterization of PAFs 

 

Figure 1. Schematic representation of the synthesis of core-shell PAFs. (a) K2CO3 and Pd(PPh3)4 in DMF, 90 
o
C, 12h; (b) K2CO3 and Pd(PPh3)4 in DMF, 120 

o
C, 2d. 

We employed a blue emitting polyphenylene PAF (PP-PAF) as a 

core and polypyrene PAF (PPy-PAF) as a shell to construct 

core-shell PAFs. The synthetic scheme for this core-shell PAFs 

networks is shown in Figure 1. PP-PAF core was synthesized by 

the Suzuki cross-coupling reaction of benzene-1,4-diboronic 

acid (BDBA) with 1,3,5-Tris(4-bromophenyl)benzene (TBrPB). 

We used an excess amount of BDBA during core synthesis, 

which endcapped the core exterior surface of phenylboronic 

acid functionalities. Phenylboronic acid groups were then 

reacted with 1,3,6,8-tetrabromopyrene (TBrPy) for shell 

formation, which ensured shell growth on the exterior surface 

of core.[16] Changing the TBrPB/TBrPy molar ratio from 8 to 4 

and 2 yielded PAFs with three different core-shell composition 

named: PPC-PPyS-PAF-1, PPC-PPyS-PAF-2 and PPC-PPyS-PAF-3, 

respectively. As a comparison, we also prepared PP-PAF and 

PPy-PAF, with TBrPB/TBrPy and BDBA at a molar ratio of 3:1, 

respectively.  

Figure 2. FT-IR spectra of starting monomers and as-prepared PAFs. 

All above mentioned polymers were insoluble in common 

organic solvents such as DMF, THF, methanol, DMSO and 

water. As found for other phenyl connected porous organic 

frameworks,[17] these PAFs were also chemically stable: for 

example, PPC-PPyS-PAFs kept their skeleton unchanged even in 

aqueous solutions of 3M HCl and NaOH for one week. 

The PAF samples are first studied by FT-IR spectroscopy and 

solid-state 
13

C cross-polarization magic-angle spinning 

(CP/MAS) NMR. The IR spectra of as-prepared PAFs and their 

starting monomers are shown in Figure 2. The IR bands 

corresponding to stretching vibrations of B-O group (1342 cm
-1

) 

in PP-PAF core are similar to those of its monomer BDBA, 

which means that B-O groups are covered on the core. The 

disappearance of signal assigned to B-O units in all core-shell 

PAFs demonstrates thatcore is covalently covered by shell. 

Meanwhile, the IR bands related to C-Br vibration mode at 

1072 cm
-1

 and 507 cm
-1

 in TBrPy monomer vanish into the 

background in all core-shell PAFs, which gives a distinct proof 

for the complete reaction between core and shell. PP-PAF and 

PPC-PPyS-PAF-2 were further characterized by solid-state 
13

C 

CP/MAS NMR (Figure S1). The broad peaks at approximately 

147 ppm and 133 ppm are detected, corresponding to 

substituted aromatic carbon and non-substituted aromatic 

carbon respectively, which indicates that both PAF framework 

is composed of highly conjugated aromatic groups. A NMR 

signal around 127.1 ppm (assigned to the carbon atom in 

aromatic boronic acid) is observed in PP-PAF, which indicates 

that PP-PAF core is covered by C-B units. Thermal stability of 

the PAFs is studied by TGA (Figure S2). A distinct weight loss in 

the range of 300-400 
o
C is observed, which corresponds to the 

decomposition or collapse of the organic skeleton. X-ray 

photoelectron spectroscopy (XPS) was utilized to determine 

the purity of our product. The XPS spectra of PPC-PPyS-PAF-2 

are shown in Figure S3. As can be seen, the main element 

observed in the polymer network is C element. The low signals 

from Br, Pd, and N in magnified views of XPS spectra indicate 

that trace residues of monomers, catalysts, and DMF in final 
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sample. Powder X-ray diffraction (PXRD) measurement 

indicates that all PAFs are amorphous (Figure S4). Scanning 

electron microscopy (SEM) shows that as pyrene shell grows, 

the particle sizes are increased (Figure S5).  

2.2. Porosity of PAFs 

Figure 3. N2 adsorptiondesorption isotherms measured at 77 K for the PAFs; the 
adsorption branch is denoted by closed symbols, and desorption branch by open 
symbols. 

The porosity of these PAFs was investigated by nitrogen 

adsorption and desorption measurement at 77 K. As shown in 

Figure 3, a sharp increase in gas uptake is observed at low 

pressure in adsorption-desorption isotherms of PP-PAF, which 

confirms the existence of micropores in PAF. The Brunauer-

Emmett-Teller (BET) surface area of PP-PAF is 265 m
2
/g. A 

weak hysteretic shoulder in desorption isotherms of PPC-PPyS-

PAFs prove that these core-shell materials feature a small 

degree of mesoporosity. The BET surface area is increasing as 

shell thickness increases. PPC-PPyS-PAF-1 has a BET surface 

area of 388 m
2
/g, while BET surface areas are increased to 402 

and 415 m
2
/g for PPC-PPyS-PAF-2 and PPC-PPyS-PAF-3, 

respectively. 

2.3 Photophysical property 

Figure 4. UV-visible absorption spectra of the PAFs measured in the solid state. 

The solid UV-visible absorption spectra were used to monitor 

how π-conjugated network developed during shell growing. As 

shown in Figure 4 and Figure S6b, PP-PAF core exhibits an 

absorption band at 400 nm. PPC-PPyS-PAF-1 sample exhibits a 

red-shifted absorption band at 458 nm. As PPyS-PAF shell 

network become thicker, the absorption bands are further red-

shifted to 460 and 470 nm for PPC-PPyS-PAF-2 and PPC-PPyS-

PAF-3, respectively. These data show that it is possible to tune 

the optical band gaps of core-shell porous networks by 

adjusting core-shell ratio. 

Figure 5. a) Photoluminescence spectra of the PAFs measured in ethanol. A 
redshift is observed as the pyrene shell incorporation is increased; b-f) The 
excitation-independent PL behavior of PAFs; g) Photographs of suspensions of 
the PAFs in ethanol (5mg/10 mL) imaged under irradiation with UV light (λ 
excitation=365 nm). 

Photoluminescence spectra of these PAFs in ethanol solution 

are given in Figure 5a, while excitation spectra are shown as 

Figure S6a. Upon excitation of 310 nm in EtOH, PP-PAF core 

emits a deep-blue luminescence at 409 nm. PPy-PAF exhibits a 

525 nm emission upon exciation of 365 nm. Along with the 

pyrene shell become thicker, a red shift emission is observed, 

which indicating extended π-electronic conjugation over the 

PAF skeleton. PPC-PPyS-PAF-1 shows an emission maximum at 

452 nm, while PPC-PPyS-PAF-2 gives a luminescence centered 

at 455 nm. The emission band is further red-shifted to 459 nm 

for PPC-PPyS-PAF-3. Moreover, PL maxima of PPC-PPyS-PAFs are 

well confined and independent of excitation wavelength 

(Figure 5b-5f). We also investigate the PL quantum yield (QY) 

variation of core-shell PAFs (table S1). PP-PAF shows an 

absolute QY of 0.1. PPC-PPyS-PAF-1 with a thin shell exhibits a 

QY value (0.1) similar to that of PP-PAF core. As the shell 

became thicker, PPC-PPyS-PAFs show enhanced luminescence: 

the QYs for PPC-PPyS-PAF-2 and PPC-PPyS-PAF-3 are 0.13 and 

0.17 respectively. 
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2.4 Fluorescence response of nitro aromatics in solution 

Figure 6. a-e) Effect on the emission spectra of PAFs dispersed in ethanol upon incremental addition of a NT solution, a) for PP-PAF, b) for PPC-PPyS-PAF-1, c) for PPC-
PPyS-PAF-2, d) for PPC-PPyS-PAF-3, e) for PPy-PAF; f-j) Effect on the emission spectra of PAFs dispersed in ethanol upon incremental addition of a TNP solution, f) for 
PP-PAF, g) for PPC-PPyS-PAF-1, h) for PPC-PPyS-PAF-2, i) for PPC-PPyS-PAF-3, j) for PPy-PAF; k-o) Decrease in PAFs fluorescence intensity upon the addition of ethanol 
solutions of different nitro compounds, k) for PP-PAF, l) for PPC-PPyS-PAF-1, m) for PPC-PPyS-PAF-2, n) for PPC-PPyS-PAF-3, o) for PPy-PAF. 

High PL performance and the porous nature of the PAFs inspire 

us to evaluate their nitro aromatics detection property. p-

Nitrotoluene (NT), 4-chloro-nitrobenzene (Cl-NB), 2,4-

dinitrotoluene (DNT), 2,4,6-trinitrotoluene (TNT) and 2,4,6-

trinitrophenol (TNP) are selected as probe molecules to assess 

the nitroaromatic compound detection properties of the PAFs. 

We firstly evaluated fluorescence response of these PAFs to 

nitro aromatics in solution. Fluorescence quenching titrations 

of different nitro aromatics were performed by adding various 

analytes to ethanol solutions of PAFs. PL quenching behavior 

of these PAFs upon addition of various concentrations of NT, 

TNP, is shown in Figure 6. Other titration plots can be found in 

Supporting Information (Figure S7-S11). Immediate 

fluorescence quenching was observed upon adding high 

explosive nitro aromatic molecules (TNT and TNP). For PP-PAF, 

its luminescence intensity is largely dependent on the 

concentration of nitro aromatic explosives. Moreover, 

quenching degrees of samples with the same PAF structure for 

different nitro aromatics are clearly different. The ability of 

quenching efficiency is in accordance with their order of 

electron deficiency, where electron withdrawing ability of nitro 

groups present in the nitro aromatics generally followbelow 

order: TNP>TNT>DNT>Cl-NB>NT. For PPC-PPyS-PAF-1, PPC-PPyS-

PAF-2 and PPC-PPyS-PAF-3, the core-shell composition 

demonstrates a considerably better selectivity towards TNP 

and TNT compared to that of PP-PAF and PPy-PAF (Figure 6k-

6o). Taking PPC-PPyS-PAF-2 for example, PPC-PPyS-PAF-2 shows 

very little quenching for Cl-NB, and NT at a concentration of 50 

ppm. The emission peak intensity of PPC-PPyS-PAF-2 is 

decreased by 8% and 7% for Cl-NB and NT, respectively. While 

PPC-PPyS-PAF-2 has a 58% quenching after adding TNT and a 62% 

quenching by adding TNP under the same concentration, 

respectively. The quenching efficiency was analyzed using the 

Stern-Volmer equation: (F0/F) =Ksv[Q]+1, where F0 and F are 

the fluorescence intensities before and after addition of the 

analyte, respectively, Ksv is the quenching constant (ppm
-1

), 

and [Q] is the concentration of the analyte. The SV plots for NB, 

2-NT, TNT, and TNP were nearly linear at low concentrations 

(<75 ppm), and subsequently deviated from linearity, The 

calculated Ksv values for TNT and TNP were 2.21×10
-2

 ppm
-1

 

and 2.42×10
-2

 ppm
-1

, respectively, which are greater than Cl-

NB (3.17×10
-3

 ppm
-1

) and NT (2.33×10
-3

 ppm
-1

). The most 

analogous quenching efficiency was also observed for PPC-

PPyS-PAF-1 and PPC-PPyS-PAF-3. For pyrene rich PPy-PAF, upon 

addition of the same amount of nitro aromatic compounds, 

little effect on fluorescence intensity varition was observed. 

To understand the origin of PPC-PPyS-PAF-2 high selectivity 

towards high explosive TNT and TNP, the mechanism of 

quenching was investigated. Generally, the fluorescence 

quenching phenomenon can be explained by donor-acceptor 

electron-transfer mechanism through the interaction between 

electron-rich PAFs and electron-deficient analytes.[18] The 

PAFs can be regarded as giant molecules. Similarly their 

valence and conduction bands can be treated similar to 
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molecular orbitals (MOs). Upon excitation, an effective 

electron transfer occurs from PAF's LUMO to analyte's LUMO 

only if electron-deficient analyte’s LUMO lies between LUMO 

and HOMO levels of the electron-rich PAFs. Therefore, for 

electron-deficient analytes with stabilized LUMOs, the PAF 

usually owns a higher LUMO energy level, electron transfer 

between them becomes thermodynamically favorable, which 

may result a high quenching efficiency. If LUMO of analyte is 

higher than that of the PAF, an effective electron transfer will 

not occur. Corresponding PL quenching phenomenon will be 

no obvious. We use circle voltammetry (CV) measurement and 

absorption spectrum to evaluate HOMO and LUMO changing 

of these core-shell PAF compared to PP-PAF. The onset 

potential of oxidation for PP-PAF is +1.17 V vs saturated 

calomel electrode (SCE) (See Figure S12 in Supporting 

Information). Hence, PP-PAF's HOMO level is estimated as -

5.91 eV. Along with the increasing of pyrene content in shell, 

onset potential of oxidation for PPC-PPyS-PAFs is 

correspondingly increased (Figure S12 and Table S1). The 

LUMO levels are determined by combining their CV oxidation 

potentials with their optical energy band gaps. As shown in 

Figure S6b, PPC-PPyS-PAFs exhibit redshift in the UV-visible 

spectra compared with PP-PAF. The estimated LUMO energy 

levels of core-shell PAFs are lower than that of PP-PAF (Table 

S1). This result is consistent with time-dependent density 

functional theory (TD-DFT) calculations reported previously.[19]  

Figure 7. HOMO and LUMO energies for PAFs and analytes arranged in 
descending order of LUMO energies. 

Figure 7 shows the HOMO and LUMO energy levels of these 

PAFs and electron-deficient nitro compounds as calculated by 

density functional theory at the B3LYP/6-31G* level (see 

supporting information and TableS2). The LUMO of PP-PAF is 

higher than those of all the nitro compounds and thus 

maintains a better driving force for electron transfer to 

electron-deficient analytes. So fluorescence quenching was 

observed for all compounds. Along with the increase of pyrene 

moiety in the shell, the LUMOs of these PPC-PPyS-PAFs were 

decreased. Since the LUMO energy level of PPC-PPyS-PAF-2 is 

lower than those of Cl-NB and NT, the observed quenching 

efficiency of PPC-PPyS-PAF for Cl-NB and NT is inconspicuous. 

Thus, PPC-PPyS-PAF-2 exhibits selective detection forhigh 

explosive TNT and TNP from other nitro aromatics. 

The high quenching efficiency of PPC-PPyS-PAF for TNT in 

solution (Figure 8a) drives us to testify their selective detection 

of TNP and TNT for practical application. We dope PPC-PPyS-

PAF-2 into portable paper-based test strips, which allows a 

simple and low cost protocol for on-site instant detection. As a 

comparison, we also dope PP-PAF into a strip in the same way 

(the detailed method of making test strip is described in 

supporting information). The resulting test strips display deep-

blue photoluminescence (410 nm) for PP-PAF and sky-blue 

photoluminescence (455 nm) for PPC-PPyS-PAF-2 upon 

exposure to a standard handheld UV (365 nm) lamp, 

respectively (Figure 8b). To test the sensitivity of these test 

strips to TNT, different concentrations of TNT solutions (0.25, 5, 

10, 15, 20 and 25 mM) were spotted onto the prepared PPC-

PPyS-PAF-2 strip. Photographs of these test strips after spotted 

by TNT are shown in Figue 8c. There was visible difference in 

the quenched spots for the different concentrations of TNT. To 

further test the application of PPC-PPyS-PAF-2 test strip for 

selective detection of TNP and TNT, we use 100 ppm 

nitroaromatic compounds ethanol solution as ink and write in 

PP-PAF and PPC-PPyS-PAF-2 strips. As show in Figure 8d, For 

PP-PAF test strip, when 100 ppm solutions of NT, CL-NB, DNT, 

TNT and TNP were written onto the strip, its fluorescence was 

rapidly and almost completely quenched for all compounds. 

While for PPC-PPyS-PAF-2 test strip, only high explosive TNT 

and TNP quenched the test strip completely. This result 

showed that the PPC-PPyS-PAF-2 test strip is highly sensitive to 

explosive TNT and TNP with good selectivity. 

Figure 8. a) Photographs of the original fluorescence and the decreased 
fluorescence upon addition of TNT in ethanol; b) Photographs of PP-PAF and PPC-
PPyS-PAF-2 test strips under UV light;c) Photographs of PPC-PPyS-PAF-2 test strips 
after spotting ethanol solution of TNT at different concentrations; d) 
Photographs of PP-PAF and PPC-PPyS-PAF-2 test strips under UV light after 
writing with 100 ppm solutions of NT, CL-NB, DNT, TNT and TNP.  

2.5 Fluorescence response to nitro aromatics vapors 

For practical application, we further explore PPC-PPyS-PAF for 

detecting the nitro aromatic in vapor phase. The thick and 

dense test strips show slow (> 5min) and unspectacular 

fluorescence quenching response to nitro aromatic (Figure 

S13). A thin layer of PPC-PPyS-PAF-2 was prepared using the 

method reported by Li etc.[8a] As shown in Figure 9a-9e, fast 

fluorescence response was observed after exposing PPyS-PAF-2 
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towards nitro-compounds vapor for 2 min. Along with the 

reduction of emission at 455 nm, we also monitor a weak 

emission around 400 nm for PPC-PPyS-PAF-2, which is very 

similar to PP-PAF core. Utilizing both fluorescence intensity 

change and emission wavelength shift of PPC-PPyS-PAF-2, we 

can realize fluorescent 2D detection for these nitro-

compounds. Fluorescence intensity change and emission 

wavelength shift of PPC-PPyS-PAF-2 for different nitro 

aromatics are plotted in Figure 9f. These nitro-compounds are 

well spread on the 2D map and can be uniquely identified. In 

vapor detection, the nitro compounds only adsorbed on PAF 

surface, the emission of pyrene shell was quenched effectively. 

Since the shell layer of PPC-PPyS-PAF-2 is very thin, the 

emission of PP-PAF core can be transmitted through the shell 

and be detected. This result represents a promising 

demonstration of nitro aromatics vapor fluorescent 2D 

detection using core-shell structure PAF. Future studies will 

focus on preparing novel core-shell PAF so as to increase 

fluorescent 2D selectivity and sensitivity toward specific class 

of explosives. 

Figure 9. Emission spectra of  PPC-PPyS-PAF-2 before (black)  and after (red)  upon  exposure  to a) Cl-NB, b) NT, c) DNT, d) TNT and e) TNP vapor at room temperature; 
f) A 2D color coded map of nitro aromatics based on the fluorescence response of PPC-PPyS-PAF-2. 

3. Conclusions 

In conclusion, we have designed and synthesized a series of 

core-shell conjugated porous aromatic frameworks as 

fluorescent sensors for the detection of nitro aromatic 

explosives. The core-shell PAFs exhibited selective detection of 

high explosive TNT and TNP, over other nitro compounds. 

Their selectivity can be explained by the decrease of LUMO 

energy level of the PPC-PPyS-PAF after introducing pyrene 

moiety in shell. Moreover, vapor phase detection of 

nitroaromatic compound for PPC-PPyS-PAF-2 demonstrated the 

core-shell strategy could achieve fluorescent 2D detection of 

nitro aromatics. Additionally, because the richness of organic 

building block could be used to tune their LUMO energy level 

in the core-shell PAF platform, this very promising approach 

should be of practical potential for sensitizing and probing 

different substrate molecules by tuning HOMO-LUMO energy 

levels. The power to unambiguously recognize nitro aromatic 

explosives in fluorescent 2D map highlighted this approach as 

a very promising strategy to develop luminescent core-shell 

PAF with unprecedented potential applications. 

4. Experimental Section  

Synthesis of PP-PAF: A mixture of 1,3,5-Tris(4-

bromophenyl)benzene (TBrPB) (100 mg, 0.185 mmol), and 

benzene-1,4-diboronic acid (BDBA) (92 mg, 0.555 mmol) in 

DMF (15 mL) was degassed by three freeze–pump–thaw cycles. 

To the mixture was added an aqueous solution of K2CO3 (2.0 M, 

1.0 mL) and Pd(PPh3)4 (15.0 mg). The mixture was degassed by 

three freeze–pump–thaw cycles, and purged with N2, and 

stirred at 90 °C for 20 h. The precipitate was filtered, washed 

with water, methanol, THF, and DMF. Further purification was 

carried out by Soxhlet extraction with methanol and THF for 48 

h, respectively. After dried in a vacuum oven at 150 °C, PP-PAF 

was obtained as grey solid in 85% yield.  

Synthesis of PPC-PPyS-PAF-1: A mixture of 1,3,5-Tris(4-

bromophenyl)benzene (TBrPB) (100 mg, 0.185 mmol), and 

benzene-1,4-diboronic acid (BDBA) (92 mg, 0.555 mmol) in 
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DMF (15 mL) was degassed by three freeze–pump–thaw cycles. 

To the mixture was added an aqueous solution of K2CO3 (2.0 M, 

1.0 mL) and Pd(PPh3)4 (15.0 mg). The mixture was degassed by 

three freeze–pump–thaw cycles, and purged with N2, and 

stirred at 90 °C for 12 h. The mixture was allowed to cool at 

room temperature, and was added with a mixture of 1,3,6,8-

tetrabromopyrene (0.023 mmol, 12mg) and catalyst (2 M 

K2CO3, 0.4mL and Pd(PPh3)4 9 mg). The resulting mixture was 

degassed by three freeze–pump–thaw cycles purged with N2, 

and stirred at 120 °C for 2 days. The precipitate was filtered, 

washed with water, methanol, THF, and DMF. Further 

purification was carried out by Soxhlet extraction with 

methanol and THF for 48 h, respectively. After dried in a 

vacuum oven at 150 °C, PPC-PPyS-PAF-1 was obtained as grey 

solid in 87% yield. 

For the synthesis of PPC-PPyS-PAF-2 and PPC-PPyS-PAF-3, the 

same reaction procedure was performed unless the added 

with 1,3,6,8-tetrabromopyrene was 0.046 mmol and 0.092 

mmol, respectively. 
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The table of contents: 

 

A series of conjugated core-shell porous aromatic frameworks are synthesized for 

selective detection of nitro-explosives. The core-shell PAFs can recognize nitro 

aromatic explosives in fluorescent 2D map via both fluorescence intensity and 

wavelength response. 
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