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Computational details. 

The ground state geometry was optimized with the density functional theory (DFT) employing 

unrestricted M06L functional which is considered appropriate for studying transition metal 

bonding.[1] The 6-31G* basis set was used for the H, C, N, O and Cl atoms; the LANL2DZ 

effective core potential was employed was for the Cu atom. Vibrational frequencies have been 

analyzed at the optimized structures to confirm that the structure correspond to the local minimal 

on the energy surface. The excited states calculations using the time-dependent density functional 

theory (TD-DFT) method with B3LYP functional at same basis set level as the geometry 

optimization. All theoretical calculations were carried out using the Gaussian 09 programs.[2] 
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Supporting figures and tables 

 

 
Figure S1. IR spectra of Ligand 1 and 1-Cu2+ complex. 

 

Figure S2. UV-vis spectra of ligand 1 (10 μM) in the presence of various metal cations. 
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Figure S3. Fluorescence intensity changes of the 1 (10 μM) in the presence of various metal 
cations (2 equiv). 

 

Figure S4. Job’s plot of 1 with Cu2+ cations according to the method continuous variations. The 
fluorescent intensity was recorded at 483 nm. The total concentrations of 1 and Cu2+ were kept 
constant at 40 µM. 
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Figure S5. MALDI-TOF Mass spectrum of 1-Cu2+ complex: m/z = 548 [1+Cu2+-H]+. 

 
 
Figure S6. Fluorescence emission change of the in situ prepared 1-Cu2+ (10 μM) vs sulfide equiv 
at 483 nm. 
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Figure S7. Fluorescence responses of 1-Cu2+ (10 μM) in the presence of submicromolar level of 
sulfide. 

 

 

Figure S8. (a) Fluorescence titration spectra of the independently prepared 1-Cu2+ (5 µM) in the 
presence of various concentrations of Na2S (0–10 µM). Inset: Fluorescence intensity of the 
1-Cu2+ at 483 nm as a function of S2- concentration. (b) Fluorescence responses of 1-Cu2+ (5.0 μM) 
in the presence of submicromolar level of sulfide 1~10 µM). 
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Figure S9. Job’s plot of Probe 1-Cu2+ with S2- according to the method continuous variations. The 
fluorescent intensity was recorded at 483 nm. The total concentrations of 1-Cu2+ and S2- were kept 
constant at 40 µM. 

0

10

20

30

40

50

60

70

80

90

100

%Int.

200 400 600 800 1000 1200 1400 1600 1800 2000
Mass/Charge

2431 mV  Profiles 1-18:

DITH 
Data: WXJ10001.G8 27 Dec 2012 13:28 Cal: tof 27 Oct 2012 10:07 
Kratos PC Axima CFRplus V2.4.0: Mode reflectron, Power: 90, P.Ext. @ 300 (bin 54)

485.6

483.6

212.1
486.8

 

 

Figure S10. MALDI-TOF MS spectrum of compound 1: m/z = 485.6[M]+ 
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Figure S11. MALDI-TOF Mass spectrum of probe 1-Cu2+ after addition of 2 equiv of sulfide 
anion: m/z = 508.1 [1+Na]+. 
 

 
Figure S12. Detection of sulfide anions in six synthetic tap water samples using 1-Cu2+ (5 μM) as 
a fluorescent probe (n=3). 
 
 
 
 
 
 
 
 
 
 
 

Electronic Supplementary Material (ESI) for Dalton Transactions
This journal is © The Royal Society of Chemistry 2013



 
Figure S13. Stern–Volmer plots for Cu2+, [Cu2+] = 0~10 µM. 
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Table S1.    Selected Bond Lengths (Å) and Bond Angles (deg) of complex 1-Cu. 

 

Bond Lengths (Å) Bond Angles (deg) 
Cl1-Cu1 2.2423(17)  

Cu1-N1 1.988(4)  

Cu1-N2 2.032(4)  

Cu1-N3 1.990(4)  

Cu1-N4 2.660(4) 

N1-Cu1- N3 164.2  

N1-Cu1-N2 83.3  

N1-Cu1-N4 88.0 

N2-Cu1-N4 79.7 

N3-Cu1-N2 81.9  

N3-Cu1-N4 94.8 

N1-Cu1-Cl1 97.6  

N3-Cu1-Cl1 97.1  

N2-Cu1-Cl1 179.0  

N4-Cu1-Cl1 100.7 
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Characterization 

 

 
 
Figure S14. 1H NMR spectrum of compound 1 in CDCl3 

 

 
 
 Figure S15. 13C NMR spectrum of compound 1 in CDCl3 
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