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1. General Methods.  
All the reagents such as Fluorescein, diethyl chlorophosphate, diethyl 

cyanophosphonate, hexamethylenetetramine (HMTA), trifluoroacetic acid (TFA) and 

hydroxylamine hydrochloride were from Beijing Innochem Co., Ltd,. All solvents were 

purchased by the analysis of the printed chemicals of Tianjin Tianzheng Fine Chemical 

Reagent Factory. For fluorescence spectroscopy, DMSO is the spectral grade. 
1H and 13C NMR spectra were measured by Bruker Avb-400 spectrometer, TMS 

was used as internal reference, and ESI-MS spectra were measured on Bruker ESQuire 

6000 spectrometer. The fluorescence spectra were recorded by Hitachi Pharmaspecc's 

F4600 spectral fluorometer. 

Various stock solutions (1.0 mM) of the phosphoric acid (PA), cyanomethyl 

diethyl phosphate (DCMP), cyanoyl diethyl phosphate (DCNP), ethyl 

dichlorophosphate (DCEP) and diethyl chlorophosphate (DCP) in DMSO were 

prepared. The Stock of SWJT-4 (1.0 mM) was prepared in dimethyl sulfoxide. Test 

solutions were prepared by placing 20.0 μL of the probe stock solution into a test tube, 

and then diluting to 2.0 mL with DMSO/HEPES buffer (1/1,v/v, pH 7.4)solution, 

followed by the addition of an appropriate aliquot of war agent simulants stock 

solution. For all measurements, fluorescence spectra were obtained by excitation at 520 

nm. Fluorescence quantum yields were determined in solution, using fluorescein (Φ = 

0.85 in 0.1 M NaOH) as a standard. 
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2. Some reported work for the detection of DCP. 
 

Table S1. A comparison about ours and some reported work for the detection of DCP. 

Probe Solvent 
Ex 

(nm) 
LOD 
(nM) 

Referen
ce 

A 

 

DMF (5% 
Et3N) 

538 
nm 

142.0 nM 1 

B 

 

Acetonitrile 
365 
nm 

10.4 nM 2 

C 

 

DMF 
385 
nm 

33.5 nM 3 

D 

 

DMF 
520 
nm 

_ 4 

E 

 

CH3CN- 
HEPES (4:6, 
v/v, pH 7.4) 

379 
nm 

140 nM 5 

F 

 

H2O- 
CH3CN 

(5:95, v/v) 

382 
nm 

_ 6 
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G 

 

CH3CN-HE
PES (1 : 1, 

v/v, pH 7.4) 

354 
nm 

29.5 nM 7 

SWJT-4 
O

O

O

HO OH

N N
OH OH

 

DMSO-HE
PES (1/1, 
v/v, pH 

7.4 ) 

520 
nm 

53.0 nM 
This 
work 
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3. 1H, 13C NMR spectra and ESI-MS of SWJT-4. 

 

Figure S1. 1H NMR spectrum (400 MHz, DMSO-d6) of SWJT-4. 

 

Figure S2. 13C NMR spectrum (100 MHz, DMSO-d6) of SWJT-4. 
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Figure S3. ESI-MS spectrum of SWJT-4. 
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4. Fluorescence intensity of SWJT-4 in different solvents. 
 

 

Figure S4. The fluorescence emission spectra of SWJT-4(10.0 µM) and SWJT-4 + DCP (1.0 mM) in 
acetone (ACT), methanol (MeOH), tetrahydrofuran (THF), N, N-dimethylformamide (DMF) and 
dimethyl sulfoxide (DMSO). 
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5. The effect of pH on fluorescence intensity. 

 
Figure S5. The fluorescence intensity of SWJT-4 (10.0 µM) at 545 nm in the presence and absence of 
DCP (1.0 mM) in DMSO/HEPES buffer (1/1, v/v) under different pH (2.0 - 12.0). 
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6. The linear relationship between SWJT-4 and different concentrations of DCP. 

 

Figure S6. Linear relationship between the fluorescence intensity of SWJT-4 at 545 nm and the 
concentration of DCP (0-140.0 µM). 

The limit of detection (LOD) was calculated from the following equation based on fluorescence 
titration results: 

LOD = K ×δ/S  

Where K = 2 or 3 (2 was taken in this case), δ is the standard deviation of the blank solution, and 
S is the slope of the straight-fit line. 

Linear Equation: Y=1.83X + 439.48 

S = 439.48      δ= 0.032     K = 3 

LOD = K ×δ/S = 53 nM 
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7. Time-dependent experiment of SWJT-4. 

 

Figure S7. Time dependence of fluorescence spectrum of SWJT-4 (10.0 µM) in DMSO : HEPES = 1 : 
1 (v/v) solution at pH 7.4 (λex = 520 nm). Inset: The pseudo-first-order kinetics equation of SWJT-4. 

The corresponding kinetic constants were determined using the following equations:  

ln [(Fmax − Ft)/Fmax] = − kobst  

t1/2 = ln2/kobs 

Where Fmax and Ft are the fluorescence intensity at maximum emission and time t. 

kobs = 5.37 × 10‒4 s‒1  
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8. Job’s and Benesi-Hildebrand plots of SWJT-4 with DCP in DMSO/HEPES 
buffer solution. 

 
Figure S8. Job’s plot for SWJT-4 with DCP in DMSO-HEPES (1/1, v/v, pH 7.4) buffer solution. 

 
Figure S9. Benesi-Hildebrand plot of 1, assuming 1:2 stoichiometry for association between SWJT-4 and 

DCP in DMSO-HEPES (1/1, v/v, pH 7.4) buffer solution. 

The binding constant was determined using a reported procedure for a 1:2 binding mode. The 
result of the analysis as follows: 

Equation: Y = A +B × X 

Y = 0.00154 + 1.12214 × 10-9 × X 

R = 0.9997 

K = A / B = 1.37 × 106 M−2 
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9. ESI-MS spectrum of SWJT-4 + DCP. 

 

Figure S10. ESI-MS spectrum of SWJT-4 + DCP. 
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10. The fluorescence spectrum and absorption spectrum of SWJT-4 calculated 
from DFT in DMSO and water. 

 

 

Figure S11. The fluorescence spectrum (a) and absorption spectrum (b) of SWJT-4 calculated 
from DFT in DMSO; (c) The fluorescence spectrum and absorption spectrum (d) of SWJT-4 
calculated from DFT in water. 

 


