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Preparation and hypersensitivity test of 2,4, 6-trinitrophenol by a

novel two-dimensional organic metal layered fluorescent sensor
KE Weiquan, WANG Qianyi . LOU Hengyi, WANG Junmin
(School of Materials Science & Enigineering, Zhejiang Sci-Tech University, Hangzhou 310018, China)

Abstract: By using a two-step solvothermal method, the metal atom zirconium was first immobilized
in the middle cavity of the ligand tetraphenylporphyrin (TPP), and then the metal atom was coordinated
with the carboxyl on the ligand tetrakis [ 4-(4'-carboxyphenyl) phenyl]ethylene (denoted as Zr-TP MOL)
with aggregation-induced emission (AIE) effect, to prepare a novel two-dimensional organic metal layered
fluorescent sensor (denoted as Zr-TP MOL). The micro-morphology, chemical structure and thermal
stability, etc. of Zr-TP MOL were characterized by SEM, TEM, FT-IR and TGA, etc., and Zr-TP MOL
was adopted as a fluorescent chemical sensor for 2, 4, 6-trinitrophenol (TNP) for response detection. The
results showed that; Zr-TP MOL was an amorphous material enriched by nano-spheres with good thermal
stability and fluorescence stability; Zr-TP MOL, as a novel fluorescent chemical sensor, had high
selectivity, hypersensitivity, quick response and ultra-strong anti-interference ability, etc. for TNP
detection. These research results can lay an experimental foundation for the detection of nitro-aromatic
compounds (NACs) explosive materials based on fluorescence sensing.
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g4l > T DY IZ R K 2Z WK Sh HL T AN Zr- TP
MOL §## %] NACs |, Wi RBOEH K. i5b,
Zr-TP MOL 1 NACs Z [H] 4775 i) i H AR ELAF
AR 3 Zr- TP MOL A% NACs $EAT 185 PEAS
M Ze-TP MOL (3 85 UR 7 5 i 28
NACs H (1) 5 2 1 F2 35 2 % AE #f sl A/ FEY, Jr
TNP Fl DNP 7] DG B[R] R BE A PR 2K T X — A
NG R SE Y AT IIER . SR 3@ 4 Ze- TP MOL
X7 TNP () i e Btk DLCIEZeE SV i 4iaikEst PET
A AR ELAE X PR 6K BRI & R B0
VR E A . At A SCHE— 2P IR R R AIE 52
SRR B 74 2 HL i (Fluorescence resonance energy
transfer mechanism, FRET)™" | Zr-TP MOL f) % 5}
TR NACs B SN IO anE] 12 Brzs . M
12 AT A . Ze TP MOL 096 % 56 i 14
Hr 0y 5 MRS Z R AATE B B S 4 2 L IR
M Zr-TP MOL $: % 273 ¥ i Re s il 48 225 78



% 5

P IR A BT A LG R 2R TOCAL AR ] o SRS 2.4 6- = F S 1 14 8 A D 735

400~500 nm 35 B N, Zr-TP MOL ) % &6 5
TNP (85 R BOL T R — IR E S, X R A N
Zr-TP MOL iR 52 3 Ze' 13k ie gt TNP
W, AT B E T K . 3T L B4, 5 HoAl
NACs 4}, 78 PET . FRET Fl# A BAE H i 2L 5
S F . Ze-TP MOL Xf TNP #2615 R 15 2
AR

—=— (2)m-DNB
—A—(b) 0-NT
—e—(¢)NB
—~w—(d)pNT |
—&—(c) DNP
—<— () TNP

/N~ ZrTP MO
\

%6 FE (a.u.)
KR (au.)

300 400 500 600 700

B 12 Zr- TP MOL &3¢ RHIEE

3 & it

=A

AR S 3 R FH A5 5 R R B 4 T T U [
JELE TPP Hh, f1 5 AIE ik H ETTC Bz, #il 45
— R R ) 49O 4 B A HLZARAR IR AR Ze- TP
MOL, X} Zr-TP MOL [R5 0T 55 . Ak 2 235 #4) FT 34
TR SEMERRHEA T SRAE , JF RN TNP Yk £ 7%
DAL BMERE , TS EZLL5B W

a)Zr-TP MOL j&—# th 54 5 50 ~500 nm
BRI & AR T A R SR AR BE, 7E 500 ‘CLATF BA
RAF B 4 Fa 2 M5 Zo- TP MOL £ 365 nm B3 &
TR K AFHER A 537 nm,

b)Zr-TP MOL EA B 4F 58 yeka P, 60 min
W Zr-TP MOL 43 808 B %8 6 B T B T B & A8
b3 Zr-TP MOL %} TNP (% e A6 1 H EA # %
MIPTTPERE ST F B BRA i 17 | ] Ak A 9 L Je%
K GE J7 P ICE K Fse IR B > LOD 435
7 1. 33X10°L/mol #1 0. 205 pmol/L,

SE Wk

[1]Zhang W Y, Wu Z F, Hu J D. et al. Flexible
chemiresistive sensor of polyaniline coated filter paper
prepared by spraying for fast and non-contact detection
of nitroaromatic explosives[ J]. Sensors and Actuators
B: Chemical, 2020, 304, 127233.

[2]Ma H P, Li B, Zhang L. M, et al. Targeted synthesis of

core-shell porous aromatic frameworks for selective
detection of nitro aromatic explosives via fluorescence
two-dimensional response [ J ]. Journal of Materials
Chemistry A, 2015, 3(38): 19346-19352.

[3JE3 K, LR, HHi3E. ZOCIREHEI 2, 4, 6- =%tk
KBS RELT . TSR, 2018, 43(2): 104-110.
[4] Pramanik S, Zheng C, Zhang X, et al. New
microporous metal-organic framework demonstrating
unique selectivity for detection of high explosives and
aromatic compounds [ J ]. Journal of the American

Chemical Society, 2011, 133(12): 4153-4155.

[5]Cheng T, Hu J, Zhou C, et al. Luminescent metal-
organic frameworks for nitro explosives detection[ ] ].
Science China Chemistry, 2016, 59(8): 929-947.

[6] Moreno-Gonzalez D, Lara F J, Jurgovskd N, et al
Determination of aminoglycosides in honey by capillary
electrophoresis  tandem  mass  spectrometry  and
extraction with molecularly imprinted polymers [ ] .
Analytica Chimica Acta, 2015, 891: 321-328.

[7] Tam M, Hill H H. Secondary electrospray ionization-ion
mobility spectrometry for explosive vapor detection[ ] .
Analytical Chemistry, 2004, 76(10) . 2741-2747.

[8]Sylvia J] M, Janni ] A, Klein ] D, et al. Surface-
enhanced Raman detection of 2, 4-dinitrotoluene
impurity vapor as a marker to locate landmines [ ] .
Analytical Chemistry, 2000, 72(23): 5834-5840.

[9] Zou W, Liu W W, Luo L. M, et al. Detection of nitro
explosives via LSPR sensitive silver clusters embedded in
porous silical J]. Journal of Materials Chemistry, 2012,
22(25): 12474,

[10] Geng Y, Ali M A, Clulow A J, et al. Unambiguous
detection of nitrated explosive vapours by fluorescence
quenching of dendrimer films[ J]. Nature Communications,
2015, 6(1): 1-8.

[11] Salinas Y, Martinez M E, Marcos M D, et al. Optical
chemosensors and reagents to detect explosives [ ] .
Chemical Society Reviews, 2012, 41(3): 1261-1296.

[12]Sun X C, Wang Y, Lei Y. Fluorescence based
explosive detection;: From mechanisms to sensory
materials[ ] ]. Chemical Society Reviews, 2015, 44
(22) . 8019-8061.

[13]Shi Z Q, Guo Z J, Zheng H G. Two luminescent Zn
(ii) metal-organic frameworks for exceptionally
selective detection of picric acid explosives [ J 1.
Chemical Communications, 2015, 51(39) . 8300-8303.

[14]Liu] Q, Luo Z D, Pan Y, et al. Recent developments in
luminescent coordination polymers: Designing strategies,

sensing application and theoretical evidences [ J .



736 o T K %

e CA AP RO

2022 4F A5 AT %

Coordination Chemistry Reviews, 2020, 406: 213145.
[15] Xie X X, Yang Y C, Dou B H, et al. Proton conductive
frameworks [ J .

Coordination Chemistry Reviews, 2020, 403: 213100.
[16] Mahata P, Mondal S K, Singha D K, et al

Luminescent rare-earth-based MOFs as optical sensors

[J]. Dalton Transactions, 2017, 46(2). 301-328.
[17]PuZ H, Amiinu I S, Kou Z K, et al RuP,-based
and higher

durability for the hydrogen evolution reaction at all pH

carboxylate-based metal-organic

catalysts with platinum-like activity
Values[ ] ]. Angewandte Chemie International Edition,
2017, 56(38): 11559-11564.

[18] Wang Q. Astruc D. State of the art and prospects in
metal-organic framework ( MOF )-based and MOF-
derived nanocatalysis[ J |. Chemical Reviews, 2020, 120
(2): 1438-1511.

[19] Hiroto S, Miyake Y, Shinokubo H. Synthesis and
functionalization of porphyrins through organometallic
methodologies| J ]. Chemical Reviews, 2017, 117(4):
2910-3043.

[20] He T, Chen S M, Ni B, et al. Zirconium-porphyrin-
based metal-organic framework hollow nanotubes for
immobilization of noble-metal single atoms [ ] .
Angewandte Chemie International Edition, 2018, 57
(13): 3493-3498.

[21] Choi E'Y, Barron P M, Novotny R W, et al. Pillared
porphyrin homologous series: intergrowth in metal-
organic frameworks[ J ]. Inorganic I Chemistry, 2009,
48(2) . 426-428.

(22] FEAE., £, E&EW, % BREFSTROGL] B2,
2017, 69(4): 15-17.

[23]Mei J, Hong Y N, Lam J] W Y, et al. Aggregation-
induced emission: the whole is more brilliant than the parts
[J]. Advanced Materials, 2014, 26(31): 5429-5479.

[24] Shustova N B, McCarthy B D, Dincd M. Turn-on
fluorescence in tetraphenylethylene-based metal-organic
frameworks: An alternative to aggregation-induced
emission [ J ]. Journal of the American Chemical
Society, 2011, 133(50) . 20126-20129.

[25] Dong J. Shen P, Ying S, et al. Aggregation-induced

emission-responsive metal-organic frameworks [ J ].

Chemistry of Materials, 2020, 32(15): 6706-6720.

[26] Wei ZW, Gu Z Y, Arvapally R K, et al. Rigidifying
fluorescent linkers by metal-organic framework
formation for fluorescence blue shift and quantum yield
enhancement[ ] |. Journal of the American Chemical
Society, 2014, 136(23): 8269-8276.

[27]Liu] M, YeY, Sun X D, et al. A multifunctional Zr( V[)-
based metal organic framework for highly efficient
elimination of Cr(VI) from the aqueous phase[ ] ]. Journal
of Materials Chemistry A, 2019, 7(28): 16833-16841.

(28] Z=ihl, T, i i, 45, MECAARZENEE A WM A R &
HOR IR R 1 P REMEAZ IR LT 1. W VLB TR =24 (A
BRBFARD . 2021, 45(4); 520-526.

[29] 25543, W, WAL, . P HE T XK BE 1A
1) CoCID/CuC T ) BEA 91104 A 5L SR 45 48 B vk
JRLJ ). Jeplfesssz4l, 2020, 36(4) . 7-20.

[30]LiuJ, Ye Y, Sun X, et al. A multifunctional Zr (iv)-

highly
elimination of Cr (vi) from the aqueous phase[ ] ]. Journal
of Materials Chemistry A, 2019, 7(28): 16833-16841.

[31] Nagarkar S S, Joarder B, Chaudhari A K, et al. Highly

selective detection of nitro explosives by a luminescent

based metal-organic framework for efficient

metal organic framework [ ] ]. Angewandte Chemie
International Edition, 2013, 52(10) :2881-2885.

[32]Deng Y, Chen N, Li Q, et al. Highly fluorescent
metal-organic frameworks based on a benzene-cored
tetraphenylethene derivative with the ability to detect
2, 4, 6-trinitrophenol in water[ J]. Crystal Growth &.
Design, 2017, 17(6). 3170-3177.

[33] ZRL. LA 285 W 1) B B S L9 S A5 IR e BB T 58
[D1. B WILELT K24, 2021, 44-45,

[34] Xue H, Song D, Liu C, et al. A Porous framework as
a variable chemosensor: From the response of a specific
carcinogenic alkyl-aromatic to selective detection of
explosive nitroaromatics [ J ]. Chemistry-A European
Journal, 2018, 24(43). 11033-11041.

[35]Wang X S, Li L, Yuan D Q, et al. Fast, highly
selective and sensitive anionic metal-organic framework
with nitrogen-rich sites fluorescent chemosensor for
nitro explosives detection [ J]. Journal of Hazardous

Materials, 2018, 344. 283-290.
(REHRE:NEE)



