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1 Synthesis of FP

General Information. All the chemicals and solvents were purchased from Energy
Chemical or Aladdin Industrial Corporation, and used as received with the following
exceptions. Dichloromethane (DCM) was distilled from calcium hydride. 'H and '3C
NMR spectra were measured on Bruker Avance-400 400 MHz NMR spectrometer and
referenced to solvent signals. Electrospray ionization mass spectra (ESI-MS) were
measured on an LC-MS 6120 equipped with Single Quadrupole LC/MS system (Agilent,
America) instrument.

P @ P

COOH

O O EDCI, DMAP, DCM O O
OH

Methylfuorescem
FM

Scheme S1. Synthesis of FP

A solution of methylfuorescein®! (346 mg, 1 mmol) in CH,Cl, (20 mL) was treated with
2-picolinic acid (244 mg, 2 mmol), DMAP (73 mg, 0.6 mmol), and EDCI (383 mg, 2
mmol). The resultant solution was stirred at room temperature overnight under argon
atmosphere. After completion of the reaction, the reaction was diluted with water. The
organic phase was separated, and the aqueous phase was extracted with dichloromethane
(2 x 20 mL). The organic phases were combined and washed with 0.1 N HCI, saturated
brine, dried over anhydrous sodium sulfate. The solvents were evaporated to give crude
solid, which was purified by silica gel column chromatography using petroleum ether/25-
50% ethyl acetate as eluent to afford desired products. Yield: 293 mg (65%). '"H NMR
(400 MHz, CDCl;, ppm) ¢ 8.86-8.84 (m, 1H), 8.28-8.26 (m, 1H), 8.04-8.02 (m, 1H),
7.94-7.90 (m, 1H), 7.72-7.67 (m, 2H), 7.65-7.61 (m, 1H), 7.26 (d, J = 2.4 Hz, 1H), 7.21-
7.19 (m, 1H), 6.98-6.95 (m, 1H), 6.88 (d, J = 8.4 Hz, 1H), 6.80 (d, J = 2.8 Hz, 1H), 6.72
(d, /= 8.8 Hz, 1H), 6.65-6.62 (m, 1H), 3.84 (s, 3H). 3C NMR (400 MHz, CDCl;, ppm) ¢
169.37, 167.85, 163.47, 153.22, 152.46, 150.34, 147.29, 137.39, 135.26, 131.01, 130.98,
130.00, 129.28, 129.13, 128.98, 127.73, 126.72, 126.13, 125.25, 124.19, 117.66, 112.18,
111.17, 110.66, 101.11, 82.58, 55.73. MS(ESI) for Cy7HsNO¢" ([M+H]): calcd: 452.1,
found: 452.1.

2. UV-visible Absorbance and Fluorescence Emission

UV-visible spectra were recorded on ThermoFisher Evolution 300 UV-vis spectrometer.
Fluorescence spectra were recorded using a HITACHI F-4600 spectrometer. The PMT
voltage was 700 V, excitation slit and emission slit were 2.5nm. The path length was 1
cm with cell volume of 3.0 mL. The stock solution of FP and FM were prepared in
DMSO (1 mM). The solutions of Na*, K*, Ca?*, Mg?*, Zn?*, Cd**, Hg?", Ba?*, Co?', Fe?",
Fe’*, Sn*" and Cu?" were prepared from their chloride salts; the solutions of Ag", Pb**
and AI** were prepared from their nitrate salts; the solutions of Mn?"and Ni** were
prepared from their sulphate salts.
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Fig. S1 (a) Absorption spectra of FM (1 uM) (blue line), FP (1 uM) (black line) before
and (red line) after reaction with Cu?* (20 uM) in HEPES buffer (10 mM, pH 7.0, 25 °C).
(b) Fluorescence spectra of FM (1 uM) (blue line), FP (1 uM) (black line) before and (red
line) after reaction with Cu?* (20 uM) in HEPES buffer (10 mM, pH 7.0, 25 °C, A, = 460
nm). The fluorescence colour changes of FP before and after the reaction and FM in

HEPES buffer under illumination with a 254 nm UV lamp are shown in the inset.

3. pH Effect on the Fluorescence Properties
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Fig. S2 (a) Effect of pH on fluorescence intensity at 514 nm for FP in the absence (black
square) and presence (red cycle) of Cu?* in HEPES buffer (10 mM, 25 °C, Ao, = 460 nm).
(b) Effect of pH on fluorescence intensity at 514 nm for FM in HEPES buffer (10 mM,
25 °C, Aex = 460 nm).

4. Solubility
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Fig. S3 (a) Plot of absorbance at 454 nm against FP concentration in HEPES buffer (10
mM, pH 7.0, 25 °C). (b) Plot of fluorescence intensity at 514 nm against FM
concentration in HEPES buffer (10 mM, pH 7.0, 25 °C, A = 460 nm).
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Fig. S4 ESI-MS spectrum of FP (1 uM) after addition of Cu?" (20 uM) in HEPES buffer
(10 mM, pH 7.0, 25 °C).

5. Determination of the detection limit (LOD)

The detection limit was calculated according to the method described in reference.5?
Fluorescence titrations of FP (I uM) in the presence of Cu?* (0 - 1 uM) were measured
by three times. A linear regression curve was fitted according to the fluorescence
intensity at 514 nm as a function of the concentrations of Cu?*, and k was obtained. The
emission spectrum of FP (1 uM) in HEPES buffer (10 mM, pH 7.0, 25 °C, Ax = 460 nm.)
was collected for 30 times to determine the background noise . The detection limit (36/k)
was then determined to be 55 nM.
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Fig. S5 (a) Fluorescence spectra of FP (1 uM) upon addition of Cu?* (0 - 1 uM). (b) The
fluorescence intensities of FP at 514 nm as a function of the concentrations of Cu?" in the
range of 0 - 1 uM upon excitation at 460 nm and the calculation of the detection limit of
FP for Cu?".

6. Determination of quantum yields

Fluorescence quantum yield was determined in the reference of fluorescein (® = 0.85) in
0.1 M aqueous NaOH.5? The quantum yields of FP, FM and the reaction solution of FP
with Cu?* are calculated according to following equation.

(D X :®S(ASSX)/(AXSS)

@ is the fluorescence quantum yield of fluorescein, A, and Ay are the absorbance of FP,
FM, the reaction solution of FP with Cu?" and the standard. S, and S, are integrated
fluorescence emission corresponding to FP, FM, the reaction solution of FP with Cu?*
and the standard.

7. Determination of Kinetic rate constant
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Fig. S6 Kinetic plot of fluorescence emission intensity at 514 nm of the pseudo-first order

reaction of 1 uM FP to 100 uM Cu?*, using excitation wavelength at 460 nm. The slope
of the plot corresponds to the observed reaction rate of 0.284 s1.

8. Comparison of various reaction-based probes for Cu?*
Table S1 Performances comparison of various reaction-based probes for Cu?*

Linear range LOD Testing media Temperature Reaction time  Ref.

H,0-CH;CN (10 mM HEPES,

0.5-10 uM 0.2 uM 4:1, viv, pH 7.4) 5 min S4
H,0-DMSO (10 mM Tris-HCl, X .

0.1-0.9 uM 35aM 99:1, viv, pH 7.0) 25°C 5 min S5
H,0-CH;CN (10 mM HEPES, X

0.5-10 uM 754, o 7:4) 250C . s6

0-0.1puM 20nM  120-DMSO (10 mM HEPES, 50°C 15 min 7

99:1, v/v, pH 8.0)
H,0-CH;CH,OH (10 mM Tris-
0-3uM He1 0.1, viv, pH 7.4) ) . S8

H,0-CH;CN (HEPES, 4:1, v/v,

0.08 - 30 uM BaM ) - - S9
somy HRO-CHSCN (HEPES, 1:4, VA, S min S10
pH 7.0)
1-20uM 33nM izo;?§;%N6(gf mM Tris-HCL - 5400 2h S11
H,0-CH;CN (10 mM acetate, .
87 nM 55, v/v, pH 5.0) 5 min S12
30nM  H,O-CH;CN (1:10, v/v) 60°C 1.5h S13
025uM  CH;CN - 15 min S14
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0.025-0.25 uM 3.5nM CH;CN 25°C 2 min

H,0-CH,CN (5 mM Tris-HC, ) S15
0-30 1M I M KCL, 8:2, viv, pH 7.2) >0°C 3h
370M  CH,CN 20 min
H,0-CH,CN (10 mM Tris-HCL, 1t S16
0.64uM 5.5 \v, pH 7.0) 6h
0.25-5 .M 11.1nM  H,0 (HEPES, pH 7.4) 1t 2 min S17
0-1uM 55nM  H,O (10 mM HEPES, pH7.0)  25°C 1 min This Work
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9. ESI-MS Spectra
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10. NMR Data
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