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2,4,6-ZHEIER (TNP)  JSFRETRIR (PA) | 5 —Fh i WL KE D, A R . 7E7K b B 8 1Y
VEE BRI TNP AR5 15 Y 3R T /K, 76 LR 2R G FIBREE v Mk LA , %K 2 AR A AR K G
B (M F K IREE AR UE) (GB3838-2002 ) 415 H v X A 1 A FH /K M /K T TN 6 Jo e
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PEAESK , DA TR Z 5 TR TNP H4ET BOHE , s e 8B A9 (eps) ) N FHEIT " 4
JBA HLELL(MOFs) "™ UK AR S0 & e B 45 A HL/INS TR B R H LA & s frT (8
JRAAG 5 BT BE AR S 5 sz L N (HUR B RTRGE ARSI TNP B A HLN T
TENARE L2 BT AL 25 Ko B 2oF 725 14 1) 250, f311401,2015 4F , Pandith 2517 $i30 T — i 5 F BOR BRI 10 996
BEE AGIIBR A 1 wmol/L;2018 4F  Ma 261" 338 17— FfoFil FHI 25 — F BRI 41 9 98 56 B B /N2 T 4R
b, HASIIBR A 0. 47 wmol/L, B, BF5E I 42 28 78 S0 ARAGH I PR S A TNP (455 LN T 58 R
R A TR E L,
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Scheme 1  Synthesis of probe L
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Fig. 1  Fluorescence intensity of probe L in different
solvents of V(DMSO):V(H,0) =1:1(a) , 1:2(b), 3
:7(c) and 2:1(d)

fluorescence intensity over a concentration range of

analytes (from 0 to 160 pwmol/L) for probe L

2.2 #R%t L Xt TNP gkt

NP 2 Jrs, 210 10 wmol/L FYEREFHER AP A B TNP IS, R0 4698058 B2 R 2R e, PRI &R
Gud S IR L AR A LT AL 5 1) (NACs ) J7 T 1 1 FIE

#4520 pmol/L 2 160 pwmol/L i) TNP A #T AN INE] 10 wmol/L PREFF U, TNP 1Y% G & 4N
B 3P, HARAL A WU DG € WA B BTRHET S6.. 25 ) 73 h B i s In TNP 15, #R5E L 126 A 4t
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Fig. 3 Fluorescence intensity ( I, ) of probe L Fig.4  Fluorescence intensity of probe L before and
(10 wmol/L) upon addition of TNP(0 ~ 160 wmol/L) after addition of different analytes in V ( DMSO) :

V(H,0) =2:1 solution

V) 4 SR I A M T A L A OB K, i L Xk TNP AT BT BB | 156 K
K% 93.5% ,
2.3 FH LRSERR
i 3d Stern-Volmer Jy#2 (1) A PPAEHREN ) REUE

1,/ = K c + 1 (1)
A, K, 2~ Stern-Volmer #5051, A1 I 43 52 U8 N0 AT W1 G 1A 28 Y6580 5 5 ¢ & a3 BT (7 ¥ BE (mol/L)
PREE LRI BB (K, g | TR BRI K 1 0 AR ST LI TNP BT 5 o5 i 5L L %4
Stern-Volmer % 5152 21261 K 3 B3l o s PR &A= AN, IS R RER E T L, i T
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Table 1  Different quenchers’ Stern-Volmer constant( K, ) of the probe L

Analyte K./ (Lemol ") Analyte K./ (Lemol 1)
TNP 31090 NB 3800
2,4-DNT 12 000 1,2-DNB 3500
4-NBA 11 660 m-Thb 3100
1,4-DNB 10 530 Phe 2800
2-NP 6250 1,3-DNB 2730
LI1+TNP
2H 7.079
Ccl OCH,
L1 ﬁ-N
) H 7.096
e Ny HTT09
/ OCH,
°H u

87 86 85 84 83 82 81 80 79 78 7.7 76 75 74 73 72 71 7.0

BI5  HEF L Ag#E5 H NMR S RERIZE DMSO-d, 1l A TNP
Fig.5 Partial 'H NMR spectra of probe L and upon addition of TNP in DMSO-d,
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Fig.6 Fluorescence intensity changes after addition of

TNP in the presence of various analytes
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Fig. 7 Fluorescence intensity of probe L under

different pH
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Fig.8 Calculation of the detection limit of probe L
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Table 2 Fluorescence excitation, emission wavelength and fluorescence quantum yield of probe L

Compounds A/ nm A/ N Stokes’ shift/nm Dy
L 280 397 117 0.2386
L + TNP 280 397 117 0.0556

2.7 RHRFERHLE

HI 3 Bz pR B (DFT) BF5E TNP MRS L 9O G RENIE 9 s, #8%F L iyt it 5 A
BLiE (HOMO) Mg IR fE f 2 H11E (LUMO) Y fEHRE 22 4. 433 eV, B F 3, /£ TNP f77E F, Bk =
2.961 eV, 4 L i1y LUMO fEH Dy - 1. 885 eV, B iny [ 5 L + TNP &2 S WHYRER A - 3. 390 eV,
FEAR T 1.505 eV, {HJE HOMO REH#BEA R AZE L. PIt, 7 AERER L 9 HOMO Bk £ LUMO
Buars, T TNP By LUMO BB REAY T HR 4T L #9 HOMO F1 LUMO Z Ja], b if 8 A B4R EH L #Y
LUMOHUE A FH % 2 7 TNP R LUMOBIE |, ok Ml 3] [ 5 #) HOMO #iE b, SO K .
AT ATHED , TNP X5 L A 9O0R X R o 061 5 i 75645 (PET) ALl
2.8 SERRZK#EH TNP g9l

3 T AR S % A KK e TR 2K RN A 16 T5 K T ERE Lo TNP Ry i Rz o AR 498 9 't i B i 2%
(1 10) Fih£e 75 R (P 8) 1A R SEBRAKRE H Y TNP ¥R B2 o 3 3 I 1m0 e 3 7532 0 D7 ik 4 T S A7
TV IAGR 4 o AT LR [BICRTE 96. 6% ~ 102. 5% WA, ST RAE AT, RIIZHE nT ]
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Fig. 9 Calculated energy level diagram of probe L, [ probe L + TNP] and TNP

TR SRR ) TNP, BA SCBR R A E

2500

2000

1500

1000

Intensity /a.u.

500

1 1 1
350 400 450 500
A/nm

F10 £ L(10 wmol/L) fE¥EIK , H AR KA T 15 7K H B 5 G e R

Fig. 10  Fluorescence response of probe L(10 wmol/L) to sea water(a) , tap water(b) and domestic sewage(c)

F3 BT AREYENE SEFRAKEE R B TNP iR E

Table 3 Determination of TNP concentration in actual water samples by spike recovery

Sample ¢('TNP spiked)/( umol -L.7") ¢ (total TNP found)/(wmol-L=')* Recovery of TNP/ %
Sea water 0 -
25 24.58 +0.07 98.3
50 50.80 +0.08 101.6
75 73.35 +0.09 97.8
Tap water 0 -
25 24.73 +0. 14 98.9
50 48.30 £0.25 96.6
75 72.90 +£0.19 97.2
Domestic sewage 0 7.64 £0.35
25 33.23 +0.15 102.5
50 57.19 0. 14 99.1
75 81.52+£0.11 98.5

a. average of three determinations + standard deviation.
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A Heterocyclic Aromatic Halide Small Molecule Fluorescent
Probe for the Detection of 2,4 ,6-Trinitrophenol

DONG Ziyue, ZHOU Xiaoxia, ZHAO Xiaohui, YE Daying, AN Yue"
(College of Chemistry and Chemical Engineering, Liaoning
Normal University , Dalian , Liaoning 116029 , China)

Abstract The heterocyclic aromatic halide, 2-chloro-5-(3-chloro-2, 6-dimethoxyphenyl ) -1, 3, 4-thiadiazole
(L), was synthesized by Gattermann reaction from the aminothiadiazole derivative. Iis structure was
characterized by nuclear magnetic resonance spectroscopy ( NMR) and high resolution mass spectrometry
(HRMS). Probe L was used as a small molecule fluorescent probe to detect 2,4 ,6-trinitrophenol ( TNP) ,
and its fluorescence characteristics were systematically studied. Furthermore, combined with theoretical
calculations, the possible quenching mechanism was explored. The results showed that the probe L had high
seletivity, high sensitivity and strong anti-interference ability to TNP, and exhibited good fluorescence
performance in a wide pH range. It has lower detection limit (4.2 x 10~" mol/L) and can be used for the
detection of TNP in actual water samples.

Keywords heterocyclic aromatic halide ; fluorescent probe ;2,4 ,6-trinitrophenol ; theoretical calculations

Received 2019-10-25 ; Revised 2019-11-29; Accepted 2020-01-03
Supported by the Natural Fund of Science and Technology Department of Liaoning Province ( No. 2019-ZD-0470)
Corresponding author: AN Yue; professor; Tel/Fax:0411-82158991; E-mail :anyue_11@ 163. com; Research interests:organic synthesis and

organic spectroscopy





