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Sensor 3 based on two N-(pyren-l-yl)acetamide moities covalently linked to 2-(3-(2-
aminoethylthio)propylthio)ethanamine. The sensors were prepared in a conventional two or 
three step synthesis and their fluoroionophoric and/or chromophoric properties toward various 
transition metal, alkali, and alkali earth ions were investigated. The sensors exhibited 
pronounced Hg2+ -selective ON-OFF type fluorescence switching upon binding. In addition, 
the selective binding of sensors 1 of 2 to Hg2+ indicated by both fluorescence quenching and 
a chromogenic change which can be detected by the naked eye. In acetonitrile/water solvent 
mixtures, sensors 1, 2 and 3 exhibited the detection limits of 47, 20 and 3 ppb, respectively. 
The detection limit of these sensors is sufficient for the detection of sub-micromolar 
concentration ranges of Hg2+ ions found in the environment and many biological systems.

Department of Chemistry       Graduate School, Silpakorn University          Academic Year 2010
Student’s signature...........................
Thesis Advisor’s signature..........................

 



 

 
 .     

  
  

    
  

 
  .   

 
 .    

dry solvent  
 .    

 
dddddddd  .    

 

 
 

   
 
 
  
 

 



 

  

  
........................................................................................................  

...................................................................................................  
.........................................................................................................  

...............................................................................................................  
..................................................................................................................  

   
1 ………………………………………………………….…………………….. 1 
2 ….……………………………………………………………… 3 
3 …………………………………………………………………. 13 
4 , ,  

 1..................................................................................... 15 
5 , ,  

 2..................................................................................... 34 
6 , ,  

 3..................................................................................... 49 
7 ............................................................................................. 68 

 
………………………………………………………………………………… 69 

 
…………………………………………………………………………………….. 71 

  …………………………………………………………………………. 72 
  …………………………………………………………………………. 75 
  …………………………………………………………………………. 94 
  ………………………………………………………………………….. 97 
  …………………………………………………………………………. 100 
  …………………………………………………………………………. 103 

………………………………………………………………………………….. 110 



 

   
1  ( M),  log   

  Relative Value 
 1......................................................................................................... 

 
 

24 
2  (ppb), Fluorescence Intensity

 Relative Value  1................................................. 
 

26 
3  ( M),  log   

  Relative Value 
 2.................................................................................................. 

 
 

43 
4  (ppb), Fluorescence Intensity 

 Relative Value  2................................................. 
 

44 
5  ( M),  log   

 Relative Value 
 3.................................................................................................. 

 
 

61 
6  ( M),  log   

 Relative Value 
 3...................................................................................... 

 
 

62 
7  (ppb), Fluorescence Intensity 

 Relative Value  3................................................. 
 

63 
8  (ppb), Fluorescence 

Intensity  Relative Value  3........................................ 
 

64 
9  ( ex = 458 nm)   

 1  acetonitrile:  
(70:30,v/v)............................................................................................. 

 
 

95 
10  If/I0  1  acetonitrile:  (70:30, v/v)...................... 96 
11  

 
98 

 ( ex = 458 nm)   
 2  acetonitrile:  

(80:30, v/v)............................................................................................  

 



 

   
12  If/I0  2  acetonitrile:  (80:20, v/v)...................... 99 
13  Fluorescence Intensity  3 

 3....................... 

 
 

101 
14  ( ex = 347 nm)   

 3  acetonitrile:  
(80:30, v/v)............................................................................................  

 
 

102 
   
   
   

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 

   
1  ( ) 

 ( )......................................................... 
 

2 
2  1................................................................................................. 3 
3  2................................................................................................. 4 
4  3................................................................................................. 4 
5  4................................................................................................. 5 
6  5................................................................................................. 5 
7  6................................................................................................. 6 
8  7................................................................................................. 7 
9  8................................................................................................. 7 
10  9................................................................................................. 8 
11  10............................................................................................... 8 
12  11............................................................................................... 9 
13  12............................................................................................... 9 
14  13............................................................................................... 10 
15  14............................................................................................... 10 
16  15............................................................................................... 11 
17  16............................................................................................... 11 
18 Sensor 1........................................................................................................ 15 
19 Scheme 1...................................................................................................... 15 
20 Scheme 2...................................................................................................... 16 
21  2-(3-(2-aminoethylthio)propylthio)ethanamine............. 17 
22  1............................................................. 17 

 
 
  

 
 
 

 



  
23  ( ex= 458 nm)  1 (4.12 M)  

acetonitrile:  (70:30, v/v)  
   [Hg2+] a:  0 M, b: 0.5 M, c: 0.83 M, d: 1.66 M,  

e: 2.00 M, f: 3.66 M, g: 5.66 M, h: 6.33 M................................. 

 
 
 

20 
24  1 (4.12 M)  

70:30, v/v  acetonitrile:   
 ( ex = 458 nm) ..................................................................... 

 
 

21 
25  1 (4.12 M)  

70:30, v/v  acetonitrile:   [Hg2+] = 0.2 M 
 [Mn+] = 2 M ( ex = 458 nm)................................................ 

 
 

22 
26 UV-Visible spectra  1 (6.52 M)  30:70 v/v   

acetoniitrile:  
  a: 0 M , b: 1.0 M, c: 2.3 M, d: 5.0 M,  

e: 11.6  M......................................................................................... 

 
 
 

23 
27  1 (6.52 M)  

acetonitrile:  (30:70, v/v) 
 a: 0 M , b: 2.0 M, c: 4.0 M, d: 8.3 M,  

e: 10.0 M.......................................................................................... 

 
 
 

23 
28  log   

Relative Value   1.............................................. 
 

25 
29  Relative Value  

 32-268 ppb  1................ 
 

26 
30 curve fiting  1  n=2...................................................... 29 
31  Gradstd  coumarin 153  [coumarin153]= a: 0.37 M ,  

b: 0.62 M, c: 1.24 M, d: 1.86 M, e: 3.10 M................................ 
 

31 
32  Gradx  1  [1]= a: 5.95 M ,   

b: 7.43 M, c: 14.87 M, d: 22.31 M, e: 37.19 M ......................... 
 

31 
33 Sensor 2........................................................................................................ 34 

 



   
34 Scheme 3...................................................................................................... 34 
35 Scheme 4...................................................................................................... 35 
36  2............................................................. 35 
37  ( ex= 458nm)  2 (0.5 M)  

dichloromethane   
a: 0 M, b: 0.06 M, c: 0.13 M, d: 0.20 M, e: 0.26 M, f: 0.33 M, 
g: 0.40 M, h: 0.46 M, i: 0.90 M, j: 1.2 M,  k: 2.7 M,  
l: 7.4 M.............................................................................................. 

 
 
 
 

38 
38  ( ex= 458nm)  2 (0.5 M)  

acetonitrile   a: 0 M,  
b: 0.70 M,   c: 1.3 M, d: 3.0 M, e: 6.3 M, f: 9.6 M,  g: 13 M,  
h: 16 M, i: 20 M, j: 23 M, k: 25 M,  l: 30 M, m: 33 M,  
n: 36 M............................................................................................. 

 
 
 
 

38 
39  ( ex= 458nm)  2 (0.5 M)   

80:20, v/v  acetonitrile:    
   a: 0 M, b: 0.13 M, c: 0.20 M, d: 0.33 M,  

e: 0.50 M, f: 0.67 M, g: 1.0 M, h: 1.7 M, i: 2.7 M, j: 4.7 M,  
k: 5.3 M, l: 6.0 M............................................................................. 

 
 
 
 

39 
40  2 (0.5 M)  80:20, 

v/v  acetonitrile:    
( ex =  458 nm ).................................................................................. 

 
 

40 
41  2 (0.5 M)  80:20, 

v/v  acetonitrile:   [Hg2+] = 0.5 M  
[Mn+] = 5 M  50 M ( ex = 458 nm )........................................ 

 
 

41 
42 UV-Visible spectra  2 (1.3 M)  80:20, v/v   

acetonitrile:  
 a: 0 M , b: 1.0 M, c: 2.3 M, d: 5.0 M, e: 11.6 M...... 

 
 

42 

 



   
43  2  acetonitril:  (80:20, v/v) 

 a: 0 M , b: 0.1 M,  
c: 0.3 M, d: 0.7 M, e: 1.7 M, f: 6.0 M......................................... 

 
 
43 

44  log   
Relative Value   2.............................................. 

 
44 

45  Relative Value  
 26- 267 ppb  2............... 

 
45 

46 Curve Fiting  2  n=2..................................................... 45 
47  Gradx  2  [2]= a: 0.19 M , b: 0.24 

M, c: 0.49 M, d: 0.73 M, e: 1.23 M ........................................... 
 

46 
48 Sensor 3........................................................................................................ 49 
49 Scheme 5...................................................................................................... 50 
50 Scheme 6...................................................................................................... 50 
51 Scheme 7...................................................................................................... 50 
52  2-bromo-N-(pyren-1-yl)acetamide............................... 51 
53  3............................................................. 52 
54  3 

tetrahydrofuran, dioxane, acetonitrile, methanol 
dichloromethane................................................................................. 

 
 

54 
55  ( ex = 347 nm)  3 (0.46 M) 

 Hg2+, Ag+, Ca2+, Cd2+, Co2+, Cu2+, Fe3+, K+,  
Mn2+, Na+, Ni2+, Pb2+  Zn2+ (0.23 M)   80:20, v/v  
acetonitrile: ..................................................................................... 

 
 
 

55 
56  (481 nm)  3 (0.14 M) 

 acetonitrile 
 Hg2+  Cu2+   (  ex = 347 nm)............................... 

 
 

56 

 ฐ



   
57  ( ex = 347 nm)  3 (0.46 M) 

acetonitrile:  (80:20, v/v)  
 a: 0 M, b: 0.03 M, c: 0.07 M, d: 0.10 M, e: 0.17 M, 

f: 0.30 M, g: 0.36 M........................................................................ 

 
 
 

57 
58  ( ex = 347 nm)  3 (0.46 M) 

acetonitrile:  (80:20, v/v)  
   a: 0 M, b: 0.02 M, c: 0.03 M, d: 0.07 M,  

e: 0.10 M, f: 0.17 M, g: 0.23 M..................................................... 

 
 
 

58 
59  3 

............................................... 
 

59 
60  3 (0.46 M)  80:20, v/v  

acetonitrile:    ( ex =  
347 nm ).............................................................................................. 

 
 

60 
61  log   

Relative Value  3..................................................... 
 

62 
62  log  

Relative Value  3..................................................... 
 

63 
63  Relative Value  

 3-26 ppb  3.................... 
 

64 
64  Relative Value  

 2-10 ppb  3....................... 
 

65 
65 Curve Fiting  3  n=3............................. 65 
66 Curve Fiting  3  n=2......................... 66 
67 1H NMR  2-(3-(2-aminoethylthio)propylthio)ethanamine........... 76 
68 13C NMR  2-(3-(2-aminoethylthio)propylthio)ethanamine.......... 77 
69 HR-ESI MS calculated for 2-(3-(2-aminoethylthio)propylthio)ethanamine 

C7H19N2S2 (M+H)+ = 195.10 m/z, found 195.1066 m/z....................... 
 

78 

 



   
70 1H NMR  1............................................................ 79 
71 13C NMR  1.......................................................... 80 
72 13C DEPT-135 NMR  1......................................... 81 
73 1H NMR  2............................................................ 82 
74 13C NMR  2.......................................................... 83 
75 13C DEPT-135 NMR  2......................................... 84 
76 HR-ESI MS calculated for C19H20N8O6S2Na (M+Na)+ = 543.08 m/z, found  

543.0712 m/z...................................................................................... 
 

85 
77 1H NMR  2-bromo-N-(pyren-1-yl)acetamide............................. 86 
78 13C NMR  2-bromo-N-(pyren-1-yl)acetamide............................ 87 
79 13C DEPT-135 NMR  2-bromo-N-(pyren-1-yl)acetamide........... 88 
80 HR-ESI MS calculated for C18H12BrNNaO (M+Na)+ = 360.00 m/z, found  

360.0034 m/z...................................................................................... 
 

89 
81 1H NMR  3............................................................ 90 
82 13C NMR  3.......................................................... 91 
83 13C DEPT-135 NMR  3......................................... 92 
84 HR-ESI MS calculated for C43H40N4O2S2 (M+H++CH3CO2H)+ = 769.29 m/z, 

found 770.2960 m/z............................................................................ 
 

93 
85  Kasso  1.................................................................. 104 
86  Kasso  2.................................................................. 105 
87  Kasso  3.................................................................. 105 
88  Kasso  4.................................................................. 106 
89  Kasso  5.................................................................. 106 
90  Kasso  6.................................................................. 107 

 



 

   
90  Kasso  7.................................................................. 107 
91  Kasso  8.................................................................. 108 
92  Kasso  9.................................................................. 108 

   
 
 
 



  1 

 

 

 (molecular system) 
   (sensors) 

   
 photophysic    

 

  
   Flame Photometry Atomic Absorption Spectrometry (AAS)  Inductively 

Coupled Plasma-Atomic Emission Spectrometry (ICP-AES) 
 

   
  

     
 

 
     

  1 

  
 

  Flame 
Photometry Atomic Absorption Spectrometry (AAS)  Inductively Coupled Plasma-
Atomic Emission Spectrometry (ICP-AES)  

1 



2 

 254 nm 
 

 3    
(Ionophore) ,  (Fluorophore) 

,  (Linker) 
      3 

  (Fluoroionophore) 
 transducer 

 (optical signal) 
 photophysical characteristic     

 

FLUOROPHORE FLUOROPHORE Hg2+Hg2+

strong
fluorescent

weak
fluorescent

Free ionophore Bound ionophore with ion

h

h h

"On" "Off"
 

 1  ( ) 
 ( ) 

 
 

 selectivity  sensitivity  
 

  1-5 



 2  

 

 

 selectivity  sensitivity  
  

 

N N

N
B F

F

H3C

H3C

CH3

CH3

OH

 
(1)6 

 2  1 
 

Chang 6   8-hydroxy 
quinoline  boron-dipyrromethene  (1) 

 On-Off  type fluorescence behavior         
 98%  

 dioxane  (1:3, v/v)

  530 nm 
(detection limit  5x10-6 M, ) 

 

 
 
 
 

3 



4 

N N

N N
O

NH

HN

H3C

CH3
O

 
(2)7 

 3  2 
 

Chang 7              
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 excimer 
-

 490 nm (detection limit  1.3 x 10-6 M) 
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Chang 9   p-tert-butylcalixarene-
diazca-crown  pyrenylacetamide 2 

 (4)  On-Off type fluorescence 
behavior  methanol  
methanol  1:1, v/v  470 nm 
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Qian 10  (5)  2,6-bis 
(aminomethyl)pyridine  4-Aminonaphthalimide 2  

 Off-On type fluorescence behavior 
 photoinduced electron transfer (PET) 

 buffer aqueous solution (pH = 6.9)  
 540 nm detection limit  1.0 x 10-6 M,  
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Liu 12  5,15-(p-(9,9-bis(6-trimethylammoniumhexyl) 

fluorenylethynyl)phenyl)porphyrin tetrabromide (7)  
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699 nm (detection limit = 0.1 x 10-9 M) 

 
 

S
NH

N

HN

O

NH

O
O

O

O
O

N(CH3)2

OHOH

 
(8)13 

 9  8 
 

Chen 13  dansyl chloride  calix[4]-aza-crown  
dansyl amide-armed calix[4]-aza-crown  
acetonitrile  (4:1, v/v) (8) 

 520 nm (detection limit = 4.1 x 10-6 M) 
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Chang 14  

 1,8-dimethylcyclam  2    
pyrenylacetamide  7-nitrobenzo-2-oxa1,3-diazolyl  (9) 

 acetonitrile (acetonitrile: , 10:90, v/v) 
 Off-On type fluorescence behavior 

  On-Off type 
fluorescence behavior  

 540 nm (detection limit  Hg2+  
7.9 x 10-6 M, detection limit  Cu2+  2.6 x 10-7 M) 
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Yu 16  p-dimethylaminobenzaldehydethiosemicar 
bazone  p-dimethylamino benzaldehyde  thiosemibazide 

 (11)  0.01 M acetic acid /sodium 
acetate buffer solution, pH = 5.0 (detection limit = 7.7 x 10-7 M)     
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Kim 17  pyrene appended diazatetrathia-crown ether 

 1,4,10,13-tetrathia-7,16-diazacyclooctadecane  2-chloro-N-
pyren-1-yl-acetamide  (12)  
acetonitrile:  (90:10, v/v) (detection limit =1.6 x 10-6 M) 

 387 nm  480 nm 
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Feng 18  
2,6 pyridine dicarboxylic acid  N,N-biethylamine-perylene-3,4,9,10-tetracarboxylic 
bisimides  (13)  DMSO:  (1:1, v/v) 
(detection limit = 1.0 x 10-8 M)  365 nm 

 557 nm                                                                   
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Meng 19  crown ether  4-chlororesorcinol 
 (14)  detection limit = 5.0 x 10-8 M 
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Han 20  quinolin-8-ol-p-(10,15,20-triphenyl-5-
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ethanol:   2:1, v/v  detection limit = 2.2 x 10-8 M  -
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Shamsipur 21  1-(dansylamidopropyl)-1-aza-4,10-dithia-
7-oxacyclododecane (16)  dansylchloride  N-(3-aminopropyl)-1-
aza-4,10-dithia-7-oxacyclododecane  
methanol  detection limit = 8.0 x 10-13 M 

 495 nm 
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1.  

1.  Nuclear Magnetic Resonance 300 MHz : Bruker 300 
2. Fluorescence spectrometer : Perkin Elmer Luminescence spectrometer LB50 
3.  
4. Silica gel  TLC  preparative TLC  
5.  rotary evaporator 
6. Mass spectrometer : ESI-FT-ICR (High resolution) Bruker BioAPEX 70e 

spectrometer 
7. UV-visible spectrometer: HP-8543 

 
2.  

1.    Acetonitrile, LAB-SCAN  
2.   1-Aminopyrene, Aldrich (Mw=217.27) 
3.   Anhydrous Sodium sulphate, BDH 
4.   2-Bromoacetyl bromide, Fluka (98% w/w, D = 2.32 g/ml, Mw =  201.85) 

            5.   Cysteamine hydrochloride, Fluka (Mw = 113.01)  
6.   1,3-Dibromopropane, Fluka (Mw= 199.88) 
7.   Dichloromethane, MERCK 
8.   Methanol, Fluka 
9.   7-Nitrobenzo-2-oxa-1,3-diazolyl, Fluka (Mw=165.02) 
10. Potassium carbonate, Fluka (Mw=137.91) 
11. Sodium methoxide, Fluka  
12. Tetrahydrofuran, LAB-SCAN 
13. Triethylamine, Riedel-de Haen (99% w/w, D = 0.73 g/ml, Mw =  101.19) 

13



14 

14. Mercury (II) acetate, Fluka (Mw=318.68) 
15. Silver (I) acetate, BHD (Mw = 166.91) 
16. Barium(II) acetate, Sigma-Aldrich (Mw = 255.42) 
17. Calcium (II) acetate, Fluka (Mw = 158.17) 
18. Cadmium(II) acetate dihydrate, Fluka (Mw = 266.53) 
19. Cobalt (II) acetate tetrahydrate, Fluka (Mw = 249.08) 
20. Copper (II) acetate monohydrate, Fluka (Mw = 199.65) 
21. Iron (III) acetate, Fluka (Mw = 232.98) 
22. Potassium (I) acetate, Fluka (Mw = 98.14) 
23. Manganese (II) acetate tetrahydrate, Fluka (Mw = 245.09) 
24. Sodium (I) acetate, Fluka (Mw = 82.03) 
25. Nickel (II) acetate tetrahydrate, BHD (Mw = 248.84)  
26. Lead (II) acetate, Carlo (Mw = 235.29)   
27. Zinc (II) acetate dehydrate, Fluka (Mw = 219.51) 
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 1 

 
 1  (Hg2+) 

  detection limit  -                     
,    

  2-(3-(2-
aminoethylthio)propylthio)ethanamine  7-nitrobenzo-2-oxa-1,3-diazolyl (NBD) 

22   
 1  nucleophilic substitution  1,3-dibromopropane  

cysteamine hydrochloride   7-
nitrobenzo-2-oxa-1,3-diazolyl  1 

 

N
O

N
NO2

HN
S S

NH2

 18 Sensor 1 
 

1. Preparation of 2-(3-(2-aminoethylthio)propylthio)ethanamine 

 

-Cl+H3N SH Br Br H2N
S S

NH2

1) NaOMe/MeOH
      10 h, 40 0C

+
2) aq. NaOH
    10 h, rt

 19 Scheme 1

15 



 16 

 sodiummethoxide (1.50 g, 27.8 mmol)  dry methanol 7 ml  
cysteamine hydrochloride (1.00 g, 8.80 mmol)  
30   1,3-dibromopropane (0.36 ml, 3.52 mmol)  

 10  40 0C  argon  
rotary evaporator  sodium hydroxide (30% w/v, 15 ml) 

 12   20 ml  dichloromethane 
 3   dichloromethane  60 ml  

 anhydrous Na2SO4  dichloromethane 
dichloromethane  rotary evaporator     

 2-(3-(2-aminoethylthio)propylthio)ethanamine 
 

  
2. Preparation of sensor 1 

Scheme 2 

N
O

N
NO2

HN
S S

NH2

N
O

N

NO2

Cl

EtOH, K2CO3

9.6%
stirr 24 h

H2N
S S

NH2

 
 20 Scheme 2 

 
 2-(3-(2-aminoethylthio)propylthio)ethanamine (0.20 g, 1.03 mmol)  

K2CO3 (0.21g, 1.55 mmol)  10 ml  dry 
ethanol   30  argon   7-nitrobenzo-2-oxa-1,3-
diazolyl (0.21 g, 1.02 mmol)  24  

 
  preparative thin layer chromatography 

 (5 % methanol in dichloromethane)  38 mg , 
 9.6%. Rf = 0.17  
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3. NMR of 2-(3-(2-aminoethylthio)propylthio)ethanamine 

H2N
S S

NH2

1

23 2 3

4 4

55  
 21  2-(3-(2-aminoethylthio)propylthio)ethanamine 

 
 2-(3-(2-aminoethylthio)propylthio)ethanamine 

 1H NMR (CDCl3)  1.62 (s, 4H), 1.87 (quintet,                  
J = 6.9 Hz, 2H), 2.60-2.65 (m, 8H), 2.88 (t, J = 6.3 Hz, 4H), 13C NMR (CDCl3)  29.4 
(CH2), 30.6 (2CH2), 36.1 (2CH2), 40.9 (2CH2). HR-ESI MS calculated for 2-(3-(2-
aminoethylthio)propylthio)ethanamine C7H19N2S2 (M+H)+ = 195.10 m/z, found        
195.1066 m/z  

 1H NMR  coupling 
 5   1.62  5  

singlet  1  1.87  coupling  
4  2  5   2 

 3  multiplet 
 electro negativity  2.88 

 triplet  HR-ESI MS  (M+H)+ 
 195.10 m/z  HR-ESI MS  195.1066 m/z  

 

4. NMR of sensor 1 

N
O

N
NO2

HN
S S

NH2

1

23

4

56

7

8
9

 

 22  1  
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 1                    
 1H NMR (300 MHz, CDCl3)  1.91 (quintet, J = 7.2 Hz, 2H), 2.62-2.69 (m, 

4H), 2.75 (t, J = 7.2 Hz, 2H), 2.93 (t, J = 6.6 Hz, 2H), 2.97 (t, J = 6.6 Hz, 2H), 3.73 (t, J = 
6.6 Hz, 2H), 6.22 (d, J = 8.4 Hz , 1H), 8.48-8.52 (m, 1H); 13C NMR (75 MHz, CDCl3)   
29.0 (CH2), 30.6 (2CH2), 30.7 (CH2), 36.3 (CH2), 41.1 (CH2), 42.4 (CH2), 98.9 (CH), 99.0 
(C), 136.3 (CH), 143.3 (C), 143.5 (2C), 144.3 (C)  

 1H NMR  coupling 
 9   1.91  4 

coupling  4  3  5  5  
 2.62-2.69 (m, 4H)  2    2.75 

 4  J 

 coupling   2.93  2 
(  = 2.97)  coupling   1  J = 6.6 Hz 

 1  chemical shift  
 7  3.73  1 

 2 
 6.22  8  8.48 

 9 (  9 
 8  chemical shift  9  ) 

 2:14   
 
5. Fluorescence measurements 

 1  
Perkin Elmer Luminescence Spectrometer  acetonitrile:  
70:30, v/v  30:70, v/v   excitation wavelength ( ex) = 458 nm 

 1  4.12 M  6.52 M 
,   
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6.    

    1 

 1  
           

  
 (selectivity) 

 (sensitivity)  1 
 
6.1 

acetonitrile  

Fluorescence emission  excitation spectra  
 1    Perkin Elmer Luminescence Spectrometer  

 acetonitrile   70:30, v/v    
 emission spectra   excitation wavelength ( ex)  

458 nm  1  4.12 M 
   

 1  475-635 nm  max            
 525 nm   23   

 



 20 

 
 23  ( ex= 458nm)  1 (4.12 M)  

acetonitrile:  (70:30, v/v)     
[Hg2+] a:  0 M, b: 0.5 M, c: 0.83 M, d: 1.66 M,  e: 2.00 M, f: 3.66 M,       
g: 5.66 M, h: 6.33 M.   

 

 1   acetonitrile    
 

 ON-OFF fluorescence signal 
 

 1.37 
 67%   

 

6.2 

   
1  acetoni-

trile   70:30, v/v   
  (Ba2+)  (Ca2+)  (Cd2+)  



 21 
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7

Hg(II)
Ag(II)
Ca(II)
Cd(II)
Co(II)
Cu(II)
Fe(II)
Na(I)
Ni(II)
Pb(II)
Zn(II)
Ba(II)

 
 24  1 (4.12 M)  70:30, v/v  

 acetonitrile:    ( ex = 458 nm)           

   
 24  Y  normalize intensity 
 X  

 1          
       

   
Ba2+, Ca2+, Cd2+, Co2+, Cu2+,  Fe3,  Ag+, Na+, Ni2+, Pb2+  Zn2+ 

  1 

 10%  
 selectivity  Cu2+  Ag+  Pb2+  

 3    
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dddddddd6.3 

  

 1  
acetonitrile:   70:30, v/v  

  Ba2+, Ca2+, Cd2+, Co2+, Cu2+,  K+,  Mn2+, Na+, Ni2+, Pb2+,  Zn2+ 
 25 

0

0.2

0.4

0.6

0.8

1

1 Only

1+Hg(II)

1+Hg(II)+Ag(I)

1+Hg(II)+Ca(II)

1+Hg(II)+Cd(II)

1+Hg(II)+Co(II)

1+Hg(II)+Cu(II)

1+Hg(II)+Ba(II)

1+Hg(II)+Pb(II)

1+Hg(II)+Na(I)

1+Hg(II)+Ni(II)

1+Hg(II)+Zn(II)

1+Hg(II)+Fe(III)

I f/
I 0

 
 25  1 (4.12 M)     

             70:30, v/v  acetonitrile:   [Hg2+] = 0.2 M   
               [Mn+] =   2 M ( ex = 458 nm)   
 

 
1  10  

 If  1 
 I0             

  Hg2+  0.2 M   
 Ba2+, Cd2+,Co2+, Cu2+, Ag+, Fe3+, Ca2+, Ni2+, Pb2+, 

Na+, Zn2+   2 M               
 

 5% 



 23 

 

7.    

      

 1 

 acetonitrile:   30:70, v/v 
 UV-visible spectrophotometer   26 

0

0.1

0.2

420 470 520 570
Wavelenght(nm)

A
bs

or
ba

nc
e

a

e

 
 26 UV-Visible spectra  1 (6.5 M)  30:70 v/v  acetonitrile:

  a: 0 M,            
b: 1.0 M, c: 2.3 M, d: 5.0 M, e: 11.6 M  

 

 
 27  1 (6.52 M ) 

acetonitrile:  (30:70, v/v) -
   a: 0 M , b: 2.0 M, c: 4.0 M, d: 8.3 M, e: 10.0 M  



 24 

 UV-Vis  1 
 

( max)  480 nm   max =  520 nm 
 1  spin orbit 

coupling22 
 

    
 Ba2+, Ca2+, Cd2+, Co2+, Cu2+, Fe3+, Ag+, 

Na+, Ni2+,  Pb2+  Zn2+  
  

 
8. Detection Limit 

 log  
Relative Value   Relative Value 23 
   Relative Value = ( Imax-I)/(Imax-Imin) 

 
  Imax  Fluorescence Intensity   
  Imin  Fluorescence Intensity   
  I      Fluorescence Intensity   
 

 1  (μM),  log  
                  Relative Value  1 
 

Concentration of Hg2+( M) log Concentration of Hg2+ Relative Value 

0.16 -6.78 0.04 
0.33 -6.48 0.14 
0.50 -6.30 0.21 
0.67 -6.18 0.35 
0.83 -6.08 0.37 
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 28  log   
               Relative Value   1 
 

 
 y  x = -6.63 

 
log [Hg2+] = x 

 x        
     log[Hg2+] = -6.63 

 log  
                                                                 [Hg2+] = 10-6.63 M 
                               = 2.34 x 10-7 M 

 detection limit = 2.34 x 10-7 M  47.02 ppb 
 

9.  

 Relative Value 
 (ppm)  

 2  (ppb), Fluorescence Intensity         
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                 Relative Value  1 
 

Concentration of Hg2+(ppb) Relative Value 

0 0 
33.43 0.04 
66.86 0.14 
100.29 0.21 
133.72 0.35 
167.15 0.37 
200.59 
234.02 

0.48 
0.53 

267.45 0.61 
334.31 0.73 

 
 

 

y = 0.0024x - 0.0211
R2 = 0.9896

0
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 29  Relative Value    

              32-268 ppb  1 
10. Association constant (Kasso) 
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Association constant (Kasso)   (formation constant) 
 (stability constant) (Kf)   24 

 

L + nM [MnL]
 

Kn    =     [MnL]
[L][M]n

       
                                                                                           (*) 

   
                 L     
                 M    
                 n    
                 K    Association constant 

1)  
                                    I0 = L l C0      (1) 

 
I0    Intensity   
           

            L    molar extinction coefficient   
                l    optical path length   Cell 

         C0     
 

2)  L  M   

  I = L l CL+ MnL l CMnL   (2) 
     

I    Intensity  
                  CL   

     MnL  molar extinction coefficient  L  M  

    CMnL   
 L  M                     3) 

  Imin = MnL l CMnL    (3) 
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                      Imin   Intensity  

         
CMnL= C0 

 CMnL   (3)        
Imin = MnL l C0     (4) 

 
 (2)                                        

  I = L l CL+ MnL l CMnL   
             

  I = L l [L]+ MnL l [MnL]   (5) 
 

 (1)  (3)  
I0 /C0= L l   Imin /CMnL = MnL l  

(5) 

                  

I = I0[L]+ Imin [MnL]

C0             
                                     C0 = [L]+ [MnL] 

                                               
 I = I0[L]+ Imin [MnL]

[L]+ [MnL]           (6) 
 

(*)            Kn[L][M]n = [MnL] 
(6) 

 
I = I0[L]+ Imin Kn[L][M]n

[L]+ Kn[L][M]n
   
 

      
                     

I = I0+ Imin Kn[M]n

1+ Kn[M]n
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                                                                                    (7) 
 

 

 (Kassoc)  nonlinear curve 
fitting24 

  I  (7)  I0 
 I/I0  

 n  I  I/I0  

 

 
 

 30 Curve Fiting  1  n=2  

 

 Kassoc  1.08 x 1012 M-2 
 1  1:2   acetonitrile:  

 70:30, v/v   
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11. Quantum Yield  
Quantum Yield   

  
 f  125 

 

             

Qx = Qstd

Gradx
Gradstd

x

std
   (1) 

  
  Qx  =  Quantum Yield  unknown  
 Qstd  =  Quantum Yield  (reference compound) 
 Gradx  =  slope  unknown    
 Gradstd   =  slope  reference compound  
 nx  =  refractive index  
 nstd  =  refractive index  reference   
 

 Grad  slope  absorbance intensity 
 Fluorescence Area 
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y = 595405x + 1066.8
R2 = 0.9841
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 31  Gradstd  coumarin 153  [coumarin153] = a: 0.37 M,          

             b: 0.62 M, c: 1.24 M, d: 1.86 M, e: 3.10 M 
 

y = 35458x + 1150.4
R2 = 0.9873

0
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 32  Gradx  1  [1]= a: 5.95 M , b: 7.43 M,   

               c: 14.87 M, d: 22.31 M, e: 37.19 M 
 



 32 

   
 Qstd  = 0.87 (  coumarin 153  acetonitrile  reference compound) 
 Gradx  = 35458 
 Gradstd    = 595405  
 nx = nstd ( ) 

 
         Qx = 0.87 (35458/595405) 
             = 0.052  

 Quantum Yield  1  0.052 
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1)  1  2-(3-(2-aminoethylthio)propylthio)ethanamine  
 7-nitrobenzo-2-oxa-1,3-diazolyl  9.6%  

2)
 32-268 ppb   acetonitrile:  (70:30, v/v)  detection 

limit  2.34 x 10-7 M  47 ppb 

3)  Kassoc  1.08 x 1012 M-  1 
 1:2   acetonitrile:   70:30, v/v 

4)  Quantum Yield  1  0.052 

5)       1 -       
             

 
 
 

 

 



 5 

, ,                                                     
 2 

 

 2 
  2-(3-(2-aminoethylthio)propylthio)ethanamine 

 7-nitrobenzo-2-oxa-1,3-diazolyl  
(sensitivity)  

 (Molar Absorptivity coefficient, )  
   2   nucleophilic substitution  1,3-dibromopropane  
cysteamine hydrochloride   7-
nitrobenzo-2-oxa-1,3-diazolyl  
 

S S

HN NH

N
O

N

NO2

N
O

N

NO2  
 

 33 Sensor 226 
 

1. Preparation of 2-(3-(2-aminoethylthio)propylthio)ethanamine 

 

-Cl+H3N SH Br Br H2N
S S

NH2

1) NaOMe/MeOH
      10 h, 40 0C+

2) aq. NaOH
    10 h, rt

 34 Scheme 3 

34 



35 

 2-(3-(2-aminoethylthio)propylthio)ethanamine 
 1 

 
2. Preparation of sensor 2  

S SH2N NH2

N
O

N

NO2

Cl

EtOH, K2CO3

S S

HN NH

N
O

N

NO2

N
O

N

NO2

26%
reflux 24 h

 
               Sensor 2 

 35 Scheme 4 
 

 2-(3-(2-aminoethylthio)propylthio) ethanamine (0.10 g, 0.51 mmol)  
K2CO3 (0.84 g, 5.60 mmol)  5 ml  dry 
ethanol   30  argon   7-nitrobenzo-2-oxa-1,3-
diazolyl (0.21 g, 1.02 mmol)  refluxed  24  

 
  preparative thin layer chromatography 

 (1% methanol  hexane/ethyl acetate 60:40)  69 mg , 
 26 %. Rf = 0.5 

 
3. NMR of sensor 2 

S S

HN NH

N
O

N

NO2

N
O

N

NO2

1
2

3

2

3

44

55

66

 

 36  2 
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 2         
 1H NMR (300 MHz, CDCl3)  1.86 (quintet, J = 7.2 Hz, 2H), 2.66 (t, J =   

7.2 Hz, 4H), 2.89 (t, J = 6.3 Hz, 4H), 3.65 (t, J = 6.0 Hz, 4H), 6.14 (d, J = 8.4 Hz, 2H), 
8.42 (d, J = 8.4 Hz, 2H); 13C NMR (75 MHz, CDCl3)  21.7 (CH2), 28.3 (CH2), 28.7 (CH2), 
29.6 (CH2), 29.7 (CH2), 41.3 (2CH2), 97.8 (2CH), 100.6 (2C), 135.2 (2CH), 142.3 (2C), 
142.8 (2C), 143.3 (2C). HR-ESI MS calculated for C19H20N8O6S2Na (M+Na)+ = 543.08 
m/z, found 543.0712 m/z.

 1H NMR  coupling 
 6   1.86  1  coupling 

 4  2  5   2.66 
 2  1 (  J  J = 

7.2 Hz )  2.89  3  coupling  
 4 ( = 3.65)  J = 6.3 Hz (  chemical shift 

 4 
) 2  6.14  

5  coupling  6 ( = 8.42)  J = 8.4 Hz 

 4:14  
 HR-ESI MS  (M+Na)+  543.08 m/z 

 HR-ESI MS  543.0712 m/z  
 
4. Fluorescence measurements 

 2  
Perkin Elmer Luminescence Spectrometer   excitation 
wavelength ( ex) = 458 nm  2 

 0.5 M  1.3 M ,  
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5.   

     2 

 2        
  

 
 
5.1 

 

Fluorescence emission  excitation spectra  
2  Perkin Elmer Luminescence Spectrometer                          
1) dichloromethane    2) acetonitrile  3)  acetonitrile             

 80:20, v/v     emission spectra 
 excitation wavelength ( ex)  458 nm          

 2  0.5 M    
 2      

3   1) dichloromethane 2) acetonitrile  3)  acetonitrile: 
 80:20, v/v 

 2  475-635 nm  max

 525 nm  37-39  
 
 



38 

 
 37  ( ex= 458nm)  2 (0.5 M) 

dichloromethane  a: 0 M,        
b: 0.06 M, c: 0.13 M, d: 0.20 M, e: 0.26 M, f: 0.33 M, g: 0.40 M, h: 
0.46 M, i: 0.90 M, j: 1.2 M,  k: 2.7 M, l: 7.4 M. 

 

 
 38  ( ex= 458nm)  2 (0.5 M)   

acetonitrile   a: 0 M,                   
b: 0.70 M,   c: 1.3 M, d: 3.0 M, e: 6.3 M, f: 9.6 M,  g: 13 M,                   
h: 16 M,  i: 20 M, j: 23 M, k: 25 M,  l: 30 M, m: 33 M, n: 36 M.  



39 

 
 39  ( ex= 458nm)  2 (0.5 M)             

                 80:20, v/v  acetonitrile:     
                    a: 0 M, b: 0.13 M, c: 0.20 M, d: 0.33 M, e: 0.50 M, f: 0.67 M,              
                 g: 1.0 M, h: 1.7 M, i: 2.7 M, j: 4.7 M, k: 5.3 M, l: 6.0 M. 
 

           
 2  dichloromethane, acetonitrile  

 acetonitrile          
   acetonitrile 

  
 

5.2 

   
 2   

 acetonitrile:   80:20, v/v  
   (Ba2+)  (Ca2+)  

(Cd2+)         (Co2+)  (Cu2+)  (K+) 



40 
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 40  2 (0.5 M)  80:20,   v/v     

 acetonitrile:    ( ex =  458 nm )                
 

  2 

      
   2 

  Ba2+,    Ca2+, Cd2+, Co2+,  Cu2+,   K+,   Mn2+,  Na+,  Ni2+,    Pb2+  Zn2+           
                 

 5%     2 
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dddddddd5.3 

  

 2                   
acetonitrile:   80:20, v/v  

   Ba2+ , Ca2+, Cd2+, Co2+,  Cu2+,  K+,  Mn2+, Na+, Ni2+ , Pb2+  Zn2+ 
 41 
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2+Hg(II)+Cu(II)

2+Hg(II)+K(I)

2+Hg(II)+Mn(II)

2+Hg(II)+Na(I)

2+Hg(II)+Ni(II)

2+Hg(II)+Pb(II)

2+Hg(II)+Zn(II)

I f/
I 0

 
 41  2 (0.5 M)      80:20, v/v  

 acetonitrile:   [Hg2+] = 0.5 M    [Mn+] = 5 M                 
 50 M ( ex = 458 nm )                 

 
 2 

  
Hg2+  0.5 M    Ba2+, Cd2+,Co2+, Cu2+, 
Mn2+, Ni2+,  Pb2+, Zn2+   5 M (10 )    
Ca2+, K+, Na+  50 M (100 )     

 5%  



42 

 
6.   

   

   2    
 acetonitrile:   80:20, v/v 

 UV-visible spectrophotometer  42 
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 42 UV-Visible spectra  2 (1.3 M)  80:20 v/v  acetonitrile:   

   a: 0 M,           
b: 1.0 M, c: 2.3 M, d: 5.0 M, e: 11.6 M 
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 43  2  acetonitril:  (80:20, v/v) 
 a: 0 M , b: 0.1 M, c: 0.3 M, d: 0.7 M,     

               e: 1.7 M, f: 6.0 M  
 

 UV-Vis  2 
   
( max)  460 nm  max    530 nm      

 spin orbit coupling  1 
  

   Ba2+  
Ca2+  Cd2+ Co2+  Cu2+  K+  Mn2+  Na+  Ni2+  Pb2+  Zn2+  

 
 
7. Detection Limit  

 3   ( M ) ,  l o g     
  Re la t ive  Va lue  2                

 

Concentration of Hg2+( M) log Concentration of Hg2+ Relative Value 

0.13 -6.88 0.05 
0.20 -6.70 0.11 
0.26 -6.57 0.16 
0.33 -6.48 0.18 
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 44  log   

            Relative Value   2 
 y  x = -7.00 

 detection limit = 1.00 x 10-7 M  20 ppb 
 
8.  

 4  (ppb), Fluorescence Intensity  
                 Relative Value  2 

 

Concentration of Hg2+(ppb) Relative Value 

13.44 0.02 
26.68 0.05 
40.12 0.11 
53.56 
66.19 
100.30 

0.16 
0.18 
0.27 

134.40 0.42 
166.49 0.47 
200.59 0.53 
234.69 0.62 
266.78 0.66 
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y = 0.0027x
R2 = 0.9875
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 45  Relative Value    

                26- 267 ppb  2 
 

9. Association constant (Kasso) 

 

 
 

 46 Curve Fiting  2  n=2  
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  Kasso  4.36 x 1012 M-2 
 2  1:2   acetonitrile:  

 80:20, v/v   
 

10. Quantum Yield  
 

y = 37312x + 354.75
R2 = 0.9561
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 47  Gradx  2   [2]= a: 0.19 M , b: 0.24 M,         
               c: 0.49 M, d: 0.73 M, e: 1.23 M 
 

 

             

Qx = Qstd

Gradx
Gradstd

x

std
   (1) 
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umarin 153  acetonitrile  reference compound) 

5  
) 

x = 0.87 (37312/595405) 

 Qstd  = 0.87 (  co
 Gradx  = 37312 
 Gradstd    = 59540
 nx = nstd (

 
         Q
             = 0.054 

 Quantum Yield  2  0.054 
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 2  2-(3-(2-aminoethylthio)propylthio)ethanamine 

 2  Kassoc  4.36 x 1012 M-2        

 sensitivity 

 0.054 

-

1)
 7-nitrobenzo-2-oxa-1,3-diazolyl  

26.0%  

2)
 1:2  acetonitrile:   80:20, v/v   

3)  
 26-267 ppb   detection limit  

 1.00 x 10-7 M  20  ppb     detection limit 
 1  

4)
 

5) Quantum Yield  2 

6)  2 
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 3 

 
 3 

2-(3-(2-aminoethylthio)propylthio) 
ethanamine  2-bromo-N-(pyren-1-yl)acetamide  

    ON-OFF fluorescence -
 excimer   pyrene 

 3  sensitivity 
27   

monomer emission 28 

 excimer emission 
7  3 

 nucleophilic substitution  2-bromoacetyl bromide                  
1-Aminopyrene   nucleophilic 
substitution  2-(3-(2-aminoethylthio)propylthio)ethanamine        

 3  3  sensitivity           
  

 

SS

NHHN

HN

O

NH

O

 
 

 48 Sensor 3 

49



50 

1. Preparation of 2-(3-(2-aminoethylthio)propylthio)ethanamine  
 

-Cl+H3N SH Br Br H2N
S S

NH2

1) NaOMe/MeOH
      10 h, 40 0C

+
2) aq. NaOH
    10 h, rt

 49 Scheme 5 
 

 2-(3-(2-aminoethylthio)propylthio)ethanamine 
 1 

 
2. Preparation of 2-bromo-N-(pyren-1-yl)acetamide 

 

+ Br
Br

O

NEt3

CH2Cl2

H
N

O
BrNH2

 
 50 Scheme 6  

 
 1-aminopyrene (0.20 g, 1 mmol)  triethylamine (0.2 ml, 1.45 mmol) 

 20 ml  dry dichlorometane 
 argon   Bromoacethylbromide    (0.12 ml, 1.45 mmol) 

 12   
 387 mg ,  78 %   

 
3. Preparation of sensor 3 

K2CO3

THF

SS

NHHN
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O

NH

O

H
N

O
Br

S SH2N NH2

 
 51 Scheme 7                     
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 2-(3-(2-aminoethylthio)propylthio) ethanamine (0.035 g, 0.18 mmol)  
K2CO3 (0.032 g, 0.23 mmol)   3 ml  dry THF 

  30  argon   2-bromo-N-(pyren-1-
yl)acetamide (0.12 g, 0.35 mmol)  refluxed  24  

 
  preparative thin layer chromatography 

 (5% methanol in dichlorometane)  69 mg , 
 54 %. Rf = 0.5  

 
4. NMR of 2-bromo-N-(pyren-1-yl)acetamide 

 

H
N

O
Br

1

2
34

5

6

8
7

9
10

 
 52  2-bromo-N-(pyren-1-yl)acetamide 

 
 2-bromo-N-(pyren-1-yl)acetamide 

 1H NMR (300 MHz, CDCl3)  4.30 (s, 2H), 8.03-8.25 (m, 8H), 8.45 
(d, J = 8.1 Hz, H), 8.96 (s, H); 13C NMR (75 MHz, CDCl3)  30.2 (CH2), 119.7 (CH),      
121.7 (CH), 123.7 (C), 124.5(C), 125.2 (CH), 125.3 (CH), 125.7 (CH), 126.3 (CH),  127.2 
(2CH), 128.5 (CH), 129.2 (C), 129.6 (C),  128.7 (C),130.7 (C),131.3 (C), 164.0 (C). HR-ESI 
MS calculated for C18H12BrNO (M+Na)+ = 360.00 m/z, found 360.0034. 

 1H NMR 
 1   = 

4.30  singlet 13C NMR  13C DEPT-
135 NMR  (  = 30.2) 

 CH2  2   HR-ESI 
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5. NMR of sensor 3 

1
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7
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4 4
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7 8

99
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 53  3 

 3 -
 1H NMR (300 MHz, CDCl3)  1.71 -1.76 (m, 4H), 2.51 (t, J = 6.9 Hz, 4H), 2.56     (t, 

J = 5.7 Hz, 4H), 2.83 (t, J = 5.7 Hz, 4H), 3.50 (s,4H), 7.86-8.15 (m,16H), 8.69 (d, J = 8.4 
Hz , 2H);13C NMR (75 MHz, CDCl3)  29.1 (CH2),  30.8 (CH2),  32.7 (CH2),  48.7 (CH2),  
52.8 (CH2), 120.1 (CH), 121.9 (C), 124.8 (CH), 125.3 (CH), 125.4 (CH),  126.1 (CH),  
126.4 (CH),  126.7 (C),  127.4 (CH), 127.6 (CH), 127.9 (C), 128.4 (C), 128.7 (C), 130.6 
(C), 130.7 (C), 131.4 (C), 170.0 (C). HR-ESI MS calculated for C43H40N4O2S2 
(M+H++CH3CO2H)+ = 769.29 m/z, found 770.2960 m/z 

 1H NMR  coupling  
 = 1.71-1.76  1  

 2  coupling  1  triplet 
 2.56  3  coupling  4 

(  J  J = 5.7 Hz)  5  3.50 
 singlet  pyrene  7.86-8.15  multiplet 

 8.69  6 (  
chemical shift )  coupling  7   
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6. Fluorescence measurements 

 3  
Perkin Elmer Luminescence Spectrometer   excitation 
wavelength ( ex) = 347 nm  3 

 0.46 M ,   
  

 
7.   

     3 

 3  
  

  
 
7.1 

 3  

Fluorescence emission  excitation spectra    
 3  Perkin Elmer Luminescence Spectrometer                 

1) dichloromethane    2) methanol  3) acetonitrile 4) dioxane 5) tetrahydrofuran      
    emission spectra   excitation 

wavelength ( ex)  347 nm  3      
4.12 M  53.   
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 54  3  

             tetrahydrofuran,   dioxane, acetonitrile, methanol  dichloromethane 
 

 3 
  tetrahydrofuran  dioxane  

 monomer emission   
pyrene   387  408 nm 

 acetonitrile, methanol  dichloromethane 
 fluorescence spectra  excimer  481 nm   

. 
7.2 

  

Fluorescence emission  excitation spectra  
 3 ,   Perkin 

Elmer Luminescence Spectrometer  Hg2+, Ag+, Ca2+, 
Cd2+, Co2+, Cu2+, Fe3+, K+, Mn2+, Na+, Ni2+, Pb2+  Zn2+ 

 3   
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 55  ( ex = 347 nm)  3 (0.46 M)  

               Hg2+, Ag+, Ca2+, Cd2+, Co2+, Cu2+, Fe3+, K+, Mn2+, Na+, Ni2+,   
                  Pb2+  Zn2+ (0.23 M)  80:20, v/v  acetonitrile:  
 

 54  0.5 
  

excimer emission  481 nm  3  sensitivity  
Hg2+  sensitivity  Cu2+  

 
dddddddd7.3          

 3   

 acetonitrile 

  fluorescence 
emission   3   sensitivity        

 3       
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3 only

 
 56  (481 nm)  3 (0.14 )   

 acetonitrile  Hg2+                   
               Cu2+(  ex = 347 nm) 

          
 fluorescence emission    
 20 %    emission intensity 

 acetonitrile    
excimer emission intensity   20 equivalents 

 Hg2+  Cu2+  excimer emission 
intensity  acetonitrile 

 acetonitrile:   80:20, v/v 
 3 

 80:20, v/v  acetonitrile:   
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7.4  

 3 
  emission spectra   

excitation wavelength ( ex)  347 nm   3 
 0.46 M   

 
 57  ( ex = 347 nm)  3 (0.46 M)   

                 acetonitrile:  (80:20, v/v)          
                 a: 0 M, b: 0.03 M, c: 0.07 M, d: 0.10 M, e: 0.17 M, f: 0.30 M, g: 0.36 M 
 

 3  acetonitrile:  
 

 ON-OFF fluorescence 
signal 

  0.8 
 excimer emission  70%  
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7.5  

 3 
  emission spectra  

 excitation wavelength ( ex)  347 nm 
  3  0.46 M   

 

 
 58  ( ex = 347 nm)  3 (0.46 M)   

                 acetonitrile:  (80:20, v/v)    
                 a: 0 M, b: 0.02 M, c: 0.03 M, d: 0.07 M, e: 0.10 M, f: 0.17 M, g: 0.23 M 
 

 
 3  acetonitrile              

 
 ON-OFF 

fluorescence signal  0.5 
 excimer emission  51%  
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7.6         

 3 

 ligand  Hg2+  Cu2+  
electrostatic interactions  sulfur  nitrogen atoms  ligand 

  excimer emission  pyrene fluorophores   
 ligand  pyrene  2 

 conformation  3  folded  opened 
conformations  intensity  excimer emission7 
 

Cu2+

Hg2+

S

S

H
N

H
N

H
N

O

NH

O

Excimer

Open wing

Open wing

Pyrene

Pyrene

Hg2+

Hg2+

Hg2+

Pyrene

Pyrene

Cu2+

Cu2+

 
 59  3  
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7.7 

   
 3  acetoniitrile

 80:20, v/v   
 (Ag+)  (Ba2+)  (Ca2+)  (Cd2+) 

 (Co2+)  (Cu2+)  (Na+)   (Ni2+)  
 (Pb2+)  (Zn2+)  (Fe3+)  29 

0.0

0.2

0.4

0.6

0.8

1.0

0.0 0.1 0.2 0.3 0.4

Ion Concentration ( M)

N
or

m
or

liz
ed

 F
lu

or
es

ce
nc

e 
In

te
ns

ity Hg(II)
Ag(I)
Ca(II)
Cd(II)
Co(II)
Cu(II)
Fe(III)
K(II)
Mn(II)
Na(I)
Ni(II)
Pb(II)
Zn(II)

 

 60  3 (0.46 M)  80:20, v/v  
            acetonitrile:    ( ex = 347 nm )  
 

  3 

 
 

  3   
Ba2+, Ca2+, Cd2+, Co2+, Cu2+, Fe3+,  Ag+, Na+, Ni2+,  Pb2+  Zn2+ 
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  ON-OFF fluorescence signal  

 

8. Detection Limit  

8.1 Detection Limit  Hg2+ 
 5   ( M ) ,  l o g   

  Relative Value  3                

 
Concentration of Hg2+( M) log Concentration of Hg2+ Relative Value 

0.016 -7.78 0.04 
0.03 -7.48 0.17 
0.05 -7.30 0.27 
0.07 -7.18 0.51 
0.10 -7.00 0.75 
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 61  log  Relative  

               Value  3 
 

 y  x = -7.83 
 detection limit = 1.48 x 10-8 M  2.97 ppb 

 
8.2 Detection Limit  Cu2+ 

 6  (μM),  log   
                  Relative Value  3 
 

Concentration of Cu2+( M) log Concentration of Cu2+ Relative Value 

0.016 -7.78 0.15 
0.03 -7.48 0.20 
0.07 -7.18 0.43 
0.10 -7.00 0.63 
0.17 -6.78 0.96 
0.23 -6.63 1.00 
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 62  log  Relative  

               Value  3 
 

 y  x = -7.64 
 detection limit = 2.29 x 10 -8 M  4.59 ppb 

 

9.  

9.1  3  Hg2+   
 7  (ppb), Fluorescence Intensity 

                 Relative Value  3 
 

Concentration of Hg2+(ppb) Relative Value 

3.34 0.04 
10.03 0.17 
13.37 0.27 
20.06 0.51 
26.75 0.75 
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y = 0.0255x
R2 = 0.9542
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 63  Relative Value   

                3-26 ppb  3 
 

9.2  3  Cu2+   
 8  (ppb), Fluorescence  

             Intensity  Relative Value  3 
 

Concentration of Cu2+(ppb) Relative Value 

2.10 0.20 
4.194 0.43 
6.29 0.63 

10.49 0.96 
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y = 0.0946x
R2 = 0.9945
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 64  Relative Value   

                2-10 ppb  3 
 
10. Association constant (Kasso) 

10.1 Association constant  Hg2+ 

 

 

 65 Curve Fiting  3  n=3  
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  Kassoc  2.57 x 1021 M-3 
 3  1:3   acetonitrile:  

 80:20, v/v   
 
10.2 Association constant  Cu2+ 

 

 
 66 Curve Fiting  3  n=2  

 

 Kassoc  2.72 x 1014 M-2      
 3  1:2   acetonitrile:        

80:20, v/v 
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1)  3  2-(3-(2-aminoethyl thio)propylthio)ethanamine 
 2-bromo-N-(pyren-1-yl)acetamide 2   54.0%  

2)  3  Kassoc  5.73 x 1020  M-3 
 1:3  Kassoc       2.72 x 

1014   M- 1:2   
acetonitrile:   80:20, v/v 

3)  3 
 3- 26 ppb  

 3        
2-10 ppb  detection limit  1.48 x10-8 M 

 2.97 ppb   detection limit          
2.29 x10-8 M  1.44 ppb 

4)  3 -
    

 

5)  sensitivity 
 

 

 



 7 

       
 

 3 
  2-(3-(2-aminoethylthio)propylthio)ethanamine  

7-nitrobenzo-2-oxa-1,3-diazolyl  2-bromo-N-(pyrene-1-yl)acetamide 
 

2  sensitivity  1 

  3  sensitivity  1 
  

 
      -      1  2   
             

- Detection Limit  3 
 

-
 

-
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LIST OF AVBBREVIATIONS 

 aq.     aqueous 
 13C NMR    carbon 13 nuclear magnetic resonance                  
                                                              spectroscopy 
 0C    degree Celsius 
 d    doublet (NMR spectroscopy) 
 EtOH    ethanol 
 ex    excitation 
 em    emission 

g    gram   
h    hour 
1H NMR   hydrogen nuclear magnetic resonance  
                                                 spectroscopy 
HR-MS    high resolution mass spectrometry 
Hz    Hertz 
K2CO3    potassium carbonate 
MeOH    methanol   
m    multiplet (NMR spectroscopy) 
ml    milliliter 
mmol    millimole 

M    micro molar 
MW    molecular weight 
m/z    mass of charge ratio (mass spectroscopy) 
NaOMe   sodium methoxide 
NaOH    sodium hydroxide 
Na2SO4 anh.   sodium sulfate anhydrous 
NEt3    triethylamine 
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r. t.     roomtemperature    
 s    singlet (NMR spectroscopy)   
 t    triplet (NMR spectroscopy) 

v/v    volume by volume 
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NH 2

 67 1H NMR  2-(3-(2-aminoethylthio)propylthio)ethanamine 

 76



H 2N
S S

NH 2

 68 13C NMR  2-(3-(2-aminoethylthio)propylthio)ethanamine 

 77



H 2N
S S

NH 2

 69 HR-ESI MS calculated for 2-(3-(2-aminoethylthio)propylthio)ethanamine C7H19N2S2 (M+H)+ = 195.10 m/z, found 195.1066 m/z  

 

 

 

 

 

 

 

 78



N
O

N
NO2

HN
S S

NH2

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 70 1H NMR  1 

 79



N
O

N
NO2

HN
S S

NH2

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 71 13C NMR  1 
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 72 13C DEPT-135 NMR  1 
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 73 1H NMR  2 

 82



 

S S

HN NH

N
O

N

NO2

N
O

N

NO2

 74 13C NMR  2
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 75 13C DEPT-135 NMR  2

 

 84



S S

HN NH

N
O

N

NO2

N
O

N

NO2

 76  HR-ESI MS calculated for C19H20N8O6S2Na (M+Na)+ = 543.08 m/z, found   543.0712 m/z. 
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Br

 77 1H NMR  2-bromo-N-(pyren-1-yl)acetamide 
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Br

 78 13C NMR  2-bromo-N-(pyren-1-yl)acetamide  
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N

O
Br

 79 13C DEPT-135 NMR  2-bromo-N-(pyren-1-yl)acetamide

 88



H
N

O
Br

 80  HR-ESI MS calculated for C18H12BrNNaO (M+Na)+ = 360.00 m/z, found 360.0034 m/z 
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 93

 84 HR-ESI MS calculated for C43H40N4O2S2 (M+H++CH3CO2H)+ = 769.29 m/z, found 770.2960 m/z 
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 1   

 9  ( ex= 458 nm)  
 1  acetonitrile:  (70:30, v/v)               

 

Normalized Fluorescence Intensity of M n+ [Mn+] 

M) 
Hg2+ Ag+ Ca2+ Cd2+ Co2+ Cu2+ Fe3+ Na+ Ni2+ Pb2+ Zn2+ Ba2+ 

0.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 
0.17 0.97            
0.33 0.91 0.94 1.00 0.98 0.97 0.99 1.01 1.00 1.03 1.00 0.98 1.00 
0.50 0.86            
0.67 0.78 0.94 0.99 0.99 0.98 0.94 1.00 0.97 1.00 0.98 0.96 0.98 
0.83 0.76            
1.00 0.69 0.94 1.00 0.96 0.96 0.97 0.99 0.96 1.00 0.98 0.97 0.97 
1.17 0.66            
1.33 0.61 0.95 0.99 0.97 0.96 0.97 1.00 0.96 1.01 0.96 0.93 0.96 
1.67 0.53 0.95 0.99 0.97 0.96 0.93 1.00 0.96 1.01 0.98 0.95 0.99 
2.00 0.49 0.94 1.01 0.98 0.92 0.96 0.98 0.97 1.00 0.98 0.94 0.96 
2.33 0.45 0.94 1.01 0.96 0.95 0.94 1.00 0.93 1.02 0.97 0.95 0.97 
2.67 0.43            
3.00 0.41 0.95 0.98 1.00 0.96 0.93 0.99 0.97 0.99 0.97 0.93 0.98 
3.67 0.39 0.94 1.01 0.96 0.96 0.93 1.00 0.96 1.01 0.95 0.95 0.96 
4.33 0.37 0.94 1.00 0.97 0.95 0.94 0.99 0.96 1.01 0.97 0.93 0.97 
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 10  If/I0  1  acetonitrile:  (70:30, v/v)  
 

1 + Hg2++Mn 
1 1+Hg2+ 

Ag+ Ca2+ Cd2+ Co2+ Cu2+ Ba2+ Pb2+ Na2+ Ni2+ Zn2+ Fe3+ 

1 0.72 0.72 0.75 0.76 0.74 0.74 0.72 0.73 0.74 0.72 0.75 0.74 
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 2   

 11  ( ex= 458 nm)  
 2  acetonitrile:  (80:30, v/v)                

 

Normalized Fluorescence Intensity of M n [Mn+] 

M) 

Hg2+ Ba2+ Ca2+ Cd2+ Co2+ Cu2+ K+ Mn2+ Na+ Ni2+ Pb2+ Zn2+ 

0.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 
0.07 0.99            
0.13 0.97            
0.17  0.99 0.99 0.99 0.99 0.99 0.99 0.99 0.99 1.00 0.99 1.00 
0.20 0.94            
0.27 0.91            
0.33 0.90 0.99 0.99 0.99 0.99 0.98 0.99 0.99 0.99 1.00 0.99 1.00 
0.50 0.84 0.98 0.99 0.99 0.99 0.98 0.99 0.99 0.98 0.99 0.99 1.00 
0.67 0.75 0.98 0.98 0.98 0.99 0.97 0.99 0.99 0.98 0.99 0.99 0.99 
0.83 0.71 0.98 0.99 0.98 0.98 0.97 0.99 0.99 0.98 0.99 0.98 0.99 
1.00 0.66 0.98 0.98 0.98 0.98 0.97 0.99 0.99 0.98 0.98 0.98 0.99 
1.17 0.62            
1.33 0.59 0.97 0.98 0.98 0.97 0.97 0.98 0.97 0.97 0.99 0.98 0.99 
1.67 0.52 0.96 0.97 0.97 0.97 0.95 0.98 0.97 0.96 0.98 0.98 0.98 
2.00 0.47 0.95 0.96 0.97 0.96 0.96 0.97 0.97 0.95 0.97 0.98 0.97 
2.33 0.43 0.95 0.95 0.96 0.96 0.95 0.97 0.97 0.95 0.97 0.97 0.97 
2.67 0.38            
3.00 0.39 0.95 0.96 0.95 0.96 0.95 0.97 0.96 0.95 0.97 0.98 0.97 
3.33 0.38            
3.67  0.95 0.96 0.96 0.96 0.95 0.97 0.96 0.95 0.97 0.98 0.98 
4.00 0.35            
4.33  0.95 0.96 0.96 0.96 0.96 0.97 0.96 0.95 0.97 0.99 0.97 
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 12  If/I0  2  acetonitrile:  (80:20, v/v)  
 

2 + Hg2++Mn 
2 2 +Hg2+ 

Ba2+ Ca2+ Cd2+ Co2+ Cu2+ K1+ Mn2+ Na1+ Ni2+ Pb2+ Zn2+ 

1 0.79 0.80 0.81 0.83 0.88 0.83 0.83 0.81 0.85 0.85 0.85 0.79 
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 3   

 13  Fluorescence Intensity  3  
                    
                   3
 

Fluorescence Intensity 
% of water 

3 only 3(1eq)+Cu2+(20eq) 3(1eq)+Hg2+(20eq) 

0 86.5 95 92.68 
10 127.7 133 46.5 
20 107.4 117 26.4 
30 63 78 29.9 
40 35.4 76 21 
50 46.5 62 19.5 
60 53.2 58 18.3 
70 28 48 13.9 
80 12.6 16 8.5 
90 5.7 11 5.2 

100 7.2 7 4.45 
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 14  ( ex= 347 nm)  
                   3  acetonitrile:  (80:30, v/v)  
 

Normalized Fluorescence Intensity of M n [Mn+] 

M) Hg2+ Ag+ Ca2+ Cd2+ Co2+ Cu2+ Fe3+ K+ Mn2+ Na+ Ni2+ Pb2+ Zn2+ 

0.00 163 161 164 164 161 165 160 166 164 165 163 166 166 
0.16 158 159 161 158 160 152 157 161 164 159 165 159 167 
0.33 149 158 159 158 156 148 154 160 163 158 161 158 161 
0.50 143             
0.66 132 155 158 158 155 129 148 155 162 157 159 152 159 
1.00 104 153 154 155 154 112 146 155 158 153 153 151 158 
1.33 76.3             
1.66 68.4 157 155 154 153 84 147 156 155 153 156 153 158 
2.00 59.4             
2.33 58.9 152 157 153 151 80 145 154 155 154 152 148 154 
3.00 51.4             
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 Association constant (Kasso) 

  Microsoft Office Excel 
(1)  , Intensity   k = 1000  Ical               

 

 
 

 84  Kasso  1 
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(2)  Iobs-Ical 

 
 

 85  Kasso  2 
 
 (3)  SUM  

 
 

 86  Kasso  3 
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(4)  I/I0(obs)  

           
 

 87  Kasso  4 
 

 I/I0(cal) (5) 

 
 

 88  Kasso  5 
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 (6) Click  SUM  2> >  

 
 

 89  Kasso  6 
 
(7)  “ ” = 0 , “ ” click  k=1000  Click  
     “ ”                                         

 
 

 90  Kasso  7 
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(8) Click  “ ”  k  

 
 

 91  Kasso  8 
 
(9)    I/I (obs)  I/I (cal) 

 
 

 92  Kasso  9 
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    k  
  

   n  Ical  
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     4  1   
      73000 
  

 
2550        
             
2550     
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