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0

O OH

Rhodamine B
1.6 g(3.3 mmol) 1 0.83 g(4.95 mmol) 5 40 mL 100 mL
) 4 h, , - ) )
D2 1.1 g( 55%0) .

D2, '"H-NMR (400 MHz, CDCl,), &y (ppm): 12.05(s, 1H, OH), 8.89(s, 1H, N=CH), 8.05 (d,
1H, J=9.2 Hz, C;H,), 8.02 (d, 2H, J=8 Hz, C;H,), 7.55 (m, 2H, J=8.8 Hz, C;H,). 7.19 (d,
1H, J=7.2 Hz, C,H,), 6.95(d, 1H, J=9.2 Hz, C;H,), 6.49 (m, 4H, J=38. 8 Hz, xanthene-H), 6.
28 (d, 2H, J=8. 8 Hz xanthene-H), 3. 34 (q, 8H, /=8 Hz, CH,), 1.16 (t, 12H, J=8 Hz, CH;); "
NMR (100 MHz, CDCl;) , 8c(ppm) : 164,56, 164,00, 153. 34, 151, 22, 149. 26, 148. 09, 140. 02, 134. 06,
128. 81, 128.76, 128.01, 127.13, 126. 37, 124. 20, 123. 61, 118. 38, 117. 80, 108. 25, 104. 53, 97. 96, 66.

22, 44.38, 26.92, 12.59, Q-TOF MS. [M+H]" . 606. 2742, : 606. 2716,
2.3
1X107° mol/L DMSO .
30 HIJ . 3 mIJ 0 ’
1X107° mol/L, . s
3%,
3
3.1
[16,17] s DZ B s

o ’ 9 o

3.2 D2 Cot
Cu?", Ca*t, K7, Mn*", Ni**, Zn*", Hg’", Na", Mg*t, Ba’", Ag"., Pb*", Cr'", Fe*"

Fe*™ , 1X107° mol/L, 2X107° mol/L. HEPES-CH,CN(1:1, V/V,
0.1 mol/LL NaNO,, pH=7.4) D2(1X107° mol/L) Cu** .
, . 1X107° mol/L Cu*" ,Cu®*"
, , 9565 nm

 lay; ) Cu*" , 576 nm

, 2.7 o ,

, D2 Cu’" (. 1b), , ,
Cu*™" .

3.3 D2 Cut
1X107° mol/L D2 2X10° mol/LL HEPES-CH,CN(1:1, V/V, 0.1 mol/L. NaNO,, pH=7.
4) ,  Cu* . , Cu* ,565 nm
. 1X10"° mol/L Cu** , ¢ 2a), , 576
nm Cu*" 0.5X107°~1X10"" mol/L C 2b),
1X107° mol/L Cu*" 2.7
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1 25°C (1X107° mol/L) 2X10"° mol/LL HEPES-CH;CN(1:1, V/V, 0.1

mol/L NaNO;, pH=7.4) 1X107° mol/L D2 (a) (b) . (b
Cu®"

Fig. 1 Absorption spectra (a) and fluorescence spectra (b) of Rodamin B derivative, D2 (110 ° mol/L)
respond to different metal ions (1>X10° mol/L) in 2X10° mol/L 4-2(-hydroxyerhyl) piperazine-1-erhane-
sulfonic acid(HEPES)-CH; CN(1:1, V/V, 0.1 mol/L NaNOs; , pH=7. 4)aqueous solution at 25 ‘C. Black
bars represent the addition of various ions to D2 solution. Red bars represent the addition of Cu*™ to the a-
bove solution, respectively
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2 2X10"° mol/LL CH;CN-HEPES(1:1, V/V 0.1 mol/LL NaNO,., pH=7. 4) D2(1 X
107" mol/L)  Cu*" (5~15 pmol/L) (a) 576 nm (b) s Ae =050 nm,25 C
Fig. 2 Titration test of Cu’" (5~15 mol/L) to D2 in 2X10° mol/L CH; CN-HEPES(1:1, V/V , 0.1
mol/L NaNO;, pH=7. 4) aqueous solution. Absorption (a) and fluorescence spectra intensity at A =576
nm (b) A, =550 nm at 25 C

D2 Cu*" . D2 Cu** , Cu**
1.29X10 " mol/LF (  3), D2 Cu*" .
3.4 pH
2X107° mol/LL HEPES-CH,CN(1:1, V/V, 0.1 mol/LL NaNO;, pH=7.4) ,
. 1 mol/L HCl NaOH , D2 pH .
Sigmoidal , pK,=3.04, D2 pH Cu** .
3.5 D2 Cu*

Cu*" , Cu*™ D2 . D2 Cu*" 9:1,8:2, 7:
3,6:4,5:5,4:6,3:7,2:8,1:9 2X107° mol/L. HEPES-CH,CN(1:1, V/V, 0.1 mol/L
NaNO, , pH=7.4) , 565 nm ) . Job'splot 5

, D2 Cu*" 1:1 , , D2 Cutt 1:1,
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Fig. 3 Detection limit of D2¢0. 1 pmol/L)to Cu®*" at Ay of

576 nm by absorption spectra

Cu** 1:1 .
D2 Cu*™ « 6, D2
b o
Cu** , Cu't D2 ,
Cu2+ .
24r
22+
20F
1.8F
1.6F
E
£ o4}
= 1.2r
1.0+
0.8F
0.6
0-4- i 1 1 I} 1 1 1 1 1 J
1:9 28 37 46 55 64 7.3 82 91
D2:Cu*
5 D2 Job'splot ., D2 Cu" 1:1
Fig. 5 Job's plot of D2. Tt shows 1: 1 stoichiometry
between D2 and Cu® "

’ [15]7

Cu*’ . e .D2
Cu2+ .
7 .
3.6 D2 cu*t
D2(1X10"* mol/L)
Cu2+ B Cu2+
2 mg/L
( &, ) D2

A565 nm

Fig. 4 pH titration curve of D2

1X107° mol/L Cu*",
EDTA, ) o D2
; EDTA
b o 9
2.0
18
1.0
051
0.0p
6 D2 Cu?t . Cu?*
EDTA,D2 565 nm
Fig. 6  Reversibility of Cu*" binding to D2. Absorption

intensity changes at 565 nm of D2 upon addition of 1 equiv

Cu’" before and after treatment of excess EDTA

(a). 1X107° mol/L D2;(b). a 1X107° mol/L
Cu*t 5 (o). b EDTA ; (d). c 1X107°
mol/L Cu?™ ;(e). d EDTA; (D. e 1X
107% mol/L Cu?" ;(g). f EDTA, (a). present of

1X107° mol/L D2; (b). addition of 1 equiv Cu?* to 1; (¢). ad-
dition of excess EDTA to b; (d). addition of lequiv Cu?" to c;
(e). addition of excess EDTA to d; (f). addition of lequiv Cu®"
to e; (g). addition of excess EDTA to f.

2+
5 CU ’

~ 2t
Cu .
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7 D2 Cut

Fig. 7 Reversible complexation mechanism of Cu*" binding to D2

4
Cu2+
D2z,
Cu2+ s s
. D2 Cu*"
(1X107° mol/L). D2 pK, T § & 5 & & = syl
R Cu*t 8 D2 mg/L Cu*™
i Fig. 8 Test papers soaked with D2 to detect mg/L Cu*"
in water for visual detection
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A Sensitive Probe for Determination of Cu’™ With

Optical Detection in Aqueous Solution

HU Ming-Ming, FAN Jiang-Li* , LI Hong-Lin, PAHIRDIN. ZIYAUDUNA, PENG Xiao-Jun
' (State Key Laboratory of Fine Chemicals, Dalian University of Technology , Dalian 116024)

Abstract A novel Rodamine B derivative D2 was designed and synthesized as a specific probe for Cu*". D2
itself has no color and weak fluorescence in 2 X 10™° mol/L 4-(2-hydroxyerhyl) piperazine-1-erhanesulfonic
acid(HEPES)-CH;CN(1:1, V/V, 0.1 mol/L NaNO,, pH=7. 4) solution; after added Cu*" , the solution
turned into pink color quickly, as well as 2. 7-fold fluorescence enhancement, while other common metal ions
were not responding. The UV detection limit was 1. 29X 10~ " mol/L. The color change reduced by 1X10~°
mol/L Cu*" still can be seen by naked eyes. D2 can be loaded as test paper for detecting Cu*" with mg/L lev-
el in water solution. This method has potential application for detection of Cu*" in the actual environment
with rapid real-time analysis.

Keywords Rhodamin B; Copper ion; Reversibility; Probe
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