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� �.  �� �� �� ���� ���� Tb(III)�L-dopa (L-3,4-dihydroxyphenyl alanine) ��

�� � !"# $%&'() ��* +� L-dopa# %,�- ��. ��� �/�01. 2345, pH,

67 ���89� :;, Tb(III) ��� <=, 67 ���89( >�? Lu(III) ��� <= @ � 45�

� !". �A BC� 7>�01. 67 ���89(D Lu(III) ��� E8�0� F Tb(III) ��� �

 !"8 GHI �8&� JK�0L, L-dopa� M AN# O  � PQ1. 67 ���89# E8�R

ST� �U. L-dopa M%V:� W:�XYZ- 2345, pH @ Tb(III) ��� <=8 [[ 300 nm, 8.0

@ 1.0×10-4 M0� F, 5.0×10-7 M~1.0×10-4 M01. � 7\.D� M AN- 4.0×10-8 M01. 67 ��

�89# E8�0� �U.- 2345, pH, Tb(]) ��� <=, 67 ���89( >�? Lu(]) ��

� <= @ � 45� [[ 300 nm, 8.5, 1.0×10-5 M, 1.0×10-5 M @ 545 nm0� F, W:�XYZ8

1.0×10-8 M~2.0×10-4 M0L � F� M AN- 1.0×10-9 M01.

ABSTRACT. Methods to determine L-dopa(L-3,4-dihydroxyphenylalanine) in aqueous solution by spec-

trofluorimetry based upon the ligand sensitized luminescence of Tb(III) ion L-dopa complex have been studied.

Tb(III) ion and Lu(III) ion were used as ligand sensitized fluorescencer and co-fluorescence enhancer, respec-

tively. The effects of excitation wavelength, pH, concentration of Tb(III) ion, concentration of Lu(III) ion and

emission wavelength on the fluorescence intensity were investigated. The fluorescence intensity of the Tb(III)

ion L-dopa complex was further increased with addition of Lu(III) ion. The calibration curve for L-dopa was

linear over the range from 5.0×10-7 M to 1.0×10-4 M and the detection limit was 4.0×10-8 M under the optimal

experimental conditions of 300 nm, 8.0, 1.0×10-4 M and 545 nm for excitation wavelength, pH, concentration

of Tb(III) ion and emission wavelength, respectively. When Lu(III) ion was added to Tb(III) ion L-dopa com-

plex, the concentration range of linear response and detection limit were 1.0×10-8 M to 2.0×10-4 M and 1.0×10-9

M, respectively under the optimal experimental conditions of 300 nm, 8.5, 1.0×10-5 M, 1.0×10-5 M, 545 nm for

excitation wavelength, pH, concentration of Tb(III) ion, concentration of Lu(III) ion and emission wavelength,

respectively. 
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��L P's, � F 61 � �=# ®" Z��

�=�	 ��� >��"= A1.2-6 D. Pecanac ¤�

L-dopā  Cu(II) ��� �n.D UV ~����'(

) �n� 7i @ °�±�# /�� ²9 >��L

P- �³´ +� L-dopa# %,�01.1 Badawy ¤

� 2,4,6-trinitrobenzensulfonic acid(TNBS)# >�A

��:;i kµ'() kZ¶�� ���� L-dopa,

carbidopa, methyldopa ¤� %,�0's,7 Zhu ¤�

·!J k"���� ���� dopamine, dopa, epin-

ephrine, norepinephrine ¤� [ catecholamine� �

��L Tb(III)-catechol-EDTA� �n� �i�� �

� �� �� ���� ���� }¸x£ +� [

no� %,A ¹�# 6L�01.8

�� �� �� ���� � ~�º� 8» p

¼A �" ��¯ ½¾� ��� �n� �ix¿'

() À� Á�q, Â Stoke ��, Ã �Ä� 8R-

��� ®- ���1.9 ½¾� �n� �8? ��!

"- ��� 23±Å(ef ½¾� ��� � Æ

Z(� .ÇRk�. "�A1. .ÇRk� �%.D-

ÈH � ~�º� 8» �" ��� a�É±Å

.ÇRÆZ >�.D ~�(S0ÊS1)8 ���s, ~�?

.ÇR- ��� Ë+É±Å .ÇRÆZ( Nk�

(S1ÊT1)?1. ª j. Ë+É±Å .ÇRÆZ.D ½¾

� ��� Ì�	? 4f ÍÄ .ÇRÆZ( .ÇR8

k�m-Î, �ÏA .ÇRk�8 Ðºp'( ���"
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	�" Z�� ±Þ9¯ uß�*� >��"= A1.9

�*. 67 ���à9( La, Lu, Gd @ Y ¤�

á}8 ��� F. ½¾� á}(Tb, Eu, Sm, Dy)�

��!"8 �8�- �U8 P1. 67 ���à9.

�A ��!"� �8- .ÇRâÚ ��� �n(e
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äåÔxw ¤� ½¾� á}¯ �n� �i� F.

�æ G±� JKmQ1.10 67 ���89# ��A

ç(D, Jenkins ¤� ��( dipicolinic acid (2,6-

pyridine dicarboxylic acid)# >��L 67 ���8

9( Y(III) ��� >��� Eu(III)̄  Tb(III) ���

%,�01.11 Zhu ¤� 67 ���89(D La(III)

��� >��� Tb(III)-phenyl salicylate �n� �

�!"8 �8&� 6L�0L,12 Xu ¤� Tb(III), Eu

(III), Dy(III), Sm(III) ��2� ��( pivaloyltri-

fluoroacetone� >�A �n.D 67 ���89(

Y(III) ��� >�A è P1.13

é �/.D- �����'( ½¾� á} +� �
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TbCl3î6H2O(99.9%)̄  67 ���89( >�?

Gd2O3(99.9%), Lu2O3(99.9%), La2O3(99.9%), Y2O3

(99.9%)- Aldrich(Milwaukee, WI, USA)>(ef /

ï�01. ²ð. >�A 1.0× 10-2 M Tb(III) H5�

*� �%,� TbCl3 6H2O# ñ���. ò� ¡2

Q's, 67 ���89( >�? �� �*� »A

ów. ò� ô� �*� õ FöR 80oC %=.D

8�x� j, ÷øD 1.0× 10-2 M( ¡2Q1. L-dopa

- ñ���. ò� 5 × 10-3 M( ¡2QL, pH 7�

� Zb 10% HMA(hexamethylenetetramine)-HCl ù

ú�*� >��01. ²ð. >�A L-dopā  HMA

- [[ Aldrich (Milwaukee, WI, USA)>¯ Fluka

(Switzerland)>.D /ï�01. �û�- Millipore>
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(Bedford, MA, USA)� Mill1-Q water system� �

�b ®� ñ���# >��0's, ·ü �*� ²ð

Wk. p¼A <=( ýøD >��01. 

��

é ²ð.D >�A ����N- Spex>(Edison,

NJ, USA).D 9g? Model FL111 Spectrofluoro-

meter�1. �á� 450 W Xe Lamp�s "ÆM "

( silicon diode, x£� ��� $%�- M "(-

Hamamatsu>(Bridgewater, NJ, USA)� Model R928

PMT# [[ >��0's, x£ $%x "ÆM ".

- 400 V, PMT.- 900 V� kþ� ÿ�=� �0

1. 23 a�	5�¯ �  a�	5�� ï/¯  /

���q- 0.5 mm0L, $%� �� ß� >�� �

ÄA 1 cm ëB ß� >��0's, ï>�� 90=

[=.D � !"# $%�01. 

�� ��

Tb(III). L-dopa �n� 2�±Å y	
�� � 

y	
�� $%�" Zb >�A �*� 1�� �

¡2Q1. ÈH 10 mL e¬��y§. 5.0× 10-4 M�

L-dopa 1 mL# �L, ��A <=� Tb(III) �� �

Æ�*� �� j, pH 8.0� HMA-HCl ùú �*�

1 mL �L, ñ���( �:öR ��D � �2� Æ

1. � �*� 1 cm× 1 cm ëB ß. �L, 2345

� � 45� è�� 8�D y	
�� ®Q1. "�

Ð�# Ý}	�" ZbD 1Ø �*� >�� F-

5% ow �*� ñ���( �Ï � �� âQ1. 6

7�� Ð�. �A ��� �8# �t6" ZA ²

ð.D- 1�� � �*� >��1. ÈH 10 mL

e¬��y§. 5.0× 10-4 M� L-dopa 1 mL# �L,

��A <=� Tb(III) �� �Æ�* 1 mL̄  ��A

<=� 67�� �� �Æ�* 1 mL# �L, pH

8.5� HMA-HCl ùú�*� 1 mL �� j. ñ��

�( �:öR ��D � �2� Æ1.

� � ��

���� �	
�� � �	
�. ½¾� ���

�n� �i�� ��� � F, �� y	
��" 6

1- á� y	
�� ì��   Ó� !ä(� :2

( �"�» �  y	
�� �#�- �'( ���

P1.14 Tb(III) ��� Ýp 2345� :;�" Z�

� Tb(III) ��� 2�±Å y	
�� $%�01.

� 45� 545 nm( L%�L $%A 1.0× 10-3 M

� Tb(III) �� �*� 2�±Å y	
�� Fig. 1.

�#�Q1. � y	
� Á2 +� ��� 369 nm(

) 2$Ú �� ®� �  y	
�� Fig. 2. �#

�Q1.

Tb(III). L-Dopa �n� Ýp 2345� :;�"

ZbD- Tb(III)−L-dopa �n� 2�±Å y	
��

$%�01. 5.0× 10-5 M� L-dopa �*. 1.0× 10-5

Fig. 1. Excitation spectrum of Tb(III) ion in aqueous solu-
tion:[Tb(III)], 1.0 × 10-3 M; λem, 545 nm.

Fig. 2. Emission spectrum of Tb(III) ion in aqueous solu-
tion: [Tb(III)], 1.0 × 10-3 M; λex, 369 nm.
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M� Tb(III) �� �*� E8A j, pH# 8.0'(

7�A �*� 2�±Å y	
�� Fig. 3. �#�

Q1. Fig. 3.D- Tb(III) ��� <=8 Fig. 1.D

� �U61 100%� ýø&'¢( Fig. 1.D ' �

P- Ó� ¬�§2� ' �  R¡, 293 nm eÑ.

D ((� ) ¬�§# ' � P1. Fig. 3� 293

nm eÑ.D �#* ¬�§- L-dopa# E8�0�

F. �#�L, L-dopa �*� ~� y	
�.D=

� 45.D ) ~� ¬�§# JK�0'¢( � ¬

�§- L-dopa� ¬�§+� � � P1. 280 nm.D

320 nm� YZ.D Tb(III)−L-dopa �n� 2�±Å

y	
�� 2345� ¸	x, 8�D $%�0� F,

85 ) � !"# 6� Æ 2345� 300 nm01. 

Tb(III)-L-dopa �n� Ýp 2345� 300 nm.D

Tb(III)−L-dopa �n� Ý�� �  !"# �#�-

� 45� �t6" Z�� Tb(III)−L-dopa �n�

�  y	
�� $%�� Fig. 4(a). �#�Q1.

Fig. 4(a)- Tb(III) ��� �  y	
�(Fig. 2)�

!"¡ 1# -, ¬�§ 45� Z�- ���01. �

�'(ef Tb(III)−L-dopa �n� �  y	
��

Tb(III) ��� k�k�. �A �+� � � P1.

Tb(III)−L-dopa �n� �  y	
�.D 488 nm̄

545 nm.D� ¬�§- [[ Tb(III) ��� 5D4Ê
7F6̄  5D4Ê

7F5 k�. �A ��1.14 Fig. 4(a).D

' � P.� Tb(III) ��� <=8 Fig. 2.D� �

U61 100% ý�&�.= //�L Tb(III)−L-dopa

�n� � Á� !"- 0I� �8�01. 1�D,

Tb(III)−L-dopa �n� ��� Tb(III) ��� W
p

23. �A ¹�8 t2� �� �� �� ��

F���L 3a?1.

Tb(III) ��� ��!". �A 67 ���89(

>�A Lu(III) ��� BC� 7>�" Z�� Tb(III)−
L-dopa−Lu(III) system� Ýp 2345� � 45�

:;A j, Tb(III)−L-dopa−Lu(III) system� 2�±Å

y	
�� �  y	
�� [[ $%�01. 5.0×
10-5 M� L-dopa �*. 1.0× 10-5 M� Tb(III) �

� �*� 1.0× 10-5 M� Lu(III) �� �*� E8A

j, pH# 8.5( 7�A Tb(III)−L-dopa−Lu(III) system

�*� �  y	
�� Fig. 4(b). �#�Q1. �

ª4.D ' � P.� Tb(III)−L-dopa �n. Lu(III)

��� E8&'() Tb(III) ��� ��!"- ³

10% %= �8�0's, Lu(III) ��� �� ¬�§

- �#�R ST1.

pH� ��. Tb(III) ��� L-dopa� �n �i.

�A �� �� �� ��� ���� L-dopa# %

,�" ZA x£�*� Ýp pH# :;�" Z��

�* pH8 ��!". u�- BC� 7>�01.

Fig. 3. Excitation spectrum of Tb(III)−L-dopa complex in
aqueous solution:[L-dopa], 5.0× 10-5 M; [Tb(III)], 1.0 × 10-5

M; pH, 8.0; λem, 545 nm.

Fig. 4. Emission spectra of Tb(III)−L-dopa complex(a) and
Tb(III)−L-dopa−Lu system(b) in aqueous solutions: (a) [Tb
(III)], 1.0 × 10-5 M; [L-dopa], 5.0× 10-5 M; pH, 8.0; λex, 300
nm; (b) [Tb(III)], 1.0× 10-5 M; [L-dopa], 5.0× 10-5 M;
[Lu(III)], 1.0 × 10-5 M; pH, 8.5; λex, 300 nm.
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Tb(III) ��� L-dopa� <=# [[ 1.0× 10-5 M�

5.0× 10-5 M( L%xêL, �*� pH# 6.5.D 8.9

öR ¸	x, 8�D 545 nm.D� �� !"# $

%�� ª ¹�# Fig. 5. �#�Q1. � ª4'(

ef � � P.� pH8 �8&. 1� 545 nm.D

� ��!"- 5�D pH 8.0 Ñ6.D 85 Â !"

# �#�L, ª �j.- �}�01. Lu(III) ���

E8�0� F. �*� pH8 ��!". u�- B

C� 7>A ¹�= Fig. 5̄  �>�0'� Ý� ��

!"# �#�- pH8 8.5 Ñ6( 77 ���01.

Tb(III)  �� ��� ��. Tb(III)−L-dopa �n�

��!". u�- Tb(III) �� <=� BC� 7>�

" Z�� L-dopa� <=¯ pH# [[ 5.0× 10-6 M

� 8.0'( L%xêL, Tb(III) ��� <=# 1.0×
10-7 M.D 1.0× 10-4 MöR ¸	x, 8�D � 

y	
�� $%�01. Tb(III) ��� <= ¸	.

1Ø ��!"� ¸	# Fig. 6(a). �#�Q1. Fig.

6(a).D ' � P.� Tb(III) ��� <=8 �8&

. 1� ��!"8 �8�01.

Tb(III)−L-dopa−Lu(III) system.D- L-dopa� <

=, Lu(III) ��� <= @ pH# [[ 5.0× 10-6 M

� 1.0× 10-5M @ 8.5( L%xêL, Tb(III) ���

<=# 1.0× 10-7 M.D 1.0× 10-4MöR ¸	x, 8

�D �  y	
�� $%�� Fig. 6(b). Tb(III)

��� <= ¸	. 1Ø ��!"� ¸	# �#�Q

1. � ª4.D ' � P.� Tb(III) ��� <=8

1.0× 10-5 M.D Ý� ��!"# �#�QL, � <

=61 »� F.- 0I� ��!"8 �}�01. 

Lu(III)  �� ��� ��. Tb(III)−L-dopa−Lu(III)

system.D Ý�� ��!"# 8- Lu(III) ��� <

=# /�" Zb 1�� � ²ð�01. ÈH L-

dopa� <=, Tb(III) ��� <= @ pH# [[ 5.0×
10-6 M� 1.0× 10-5 M @ 8.5( L%xêL, Lu(III)

��� <=# 1.0× 10-7 M.D 1.0× 10-4 MöR ¸

	x, 8�D �  y	
�� $%�01. Fig. 7.

Lu(III) ��� <= ¸	. 1Ø ��!"� ¸	#

�#�Q-Î, Lu(III) ��� <=8 1.0× 10-3 M�

±.D ��!"8 �8&� ' � P1. � ¹�.D

Lu(III) ��'(ef .ÇRÙÚ �n(� .ÇRk�

8 ��9� � � P1.10,11 Lu(III) ��� <=8

1.0× 10-5 M� F Ý�� ��!"# �#�Q1.

L-dopa� ����. Tb(III)−L-dopa �n� Tb(III)−
L-dopa−Lu(III) system.D �����'( L-dopa#

%,� F� M%V:� /�" Z�� :.D 7>A

Ýp ²ð7\.D L-dopa <=# ¸	xê�D ��

!"# $%�01. Tb(III)−L-dopa �n.D pH-

Fig. 5. Effect of pH on fluorescence intensity of the Tb(III)−
L-dopa complex in aqueous solution: [Tb(III)], 1.0× 10-5 M;
[L-dopa], 5.0× 10-5 M; λex, 300 nm; λem, 545 nm.

Fig. 6. Effects of Tb(III) ion concentration on fluorescence
intensity of Tb(III)−L-dopa complex(a) and Tb(III)−L-dopa−
Lu system(b) in aqueous solutions: λex, 300 nm; λem, 545
nm; (a) [L-dopa], 5.0× 10-6 M; pH, 8.0; (b) [L-dopa], 5.0×
10-6 M; [Lu(III)], 1.0 × 10-5 M; pH, 8.5.



Journal of the Korean Chemical Society

546 �������

8.0'( L%xêL, Tb(III) ��� <=8 1.0× 10-4

M� F, L-dopa� <=# 5.0× 10-7 M.D 5.0× 10-4

MöR ¸	x, 8�D ��!"# $%�01(Fig.

8a). Tb(III)−L-dopa−Lu(III) system.D- pH# 8.5,

Tb(III) ��� <= @ Lu(III) ��� <=# [[

1.0× 10-5 M� 1.0× 10-5 M( L%xêL, L-dopa#

1.0× 10-8 M.D 5.0× 10-4 MöR ¸	x, 8�D

�*� ��!"# $%�01(Fig. 8b). Tb(III)−L-

dopa �*� M%V:.D W:i� i;�- YZ-

5.0× 10-7 M~1.0× 10-4 M�Q's M AN- 4.0×
10-8 M�QL, W:� ±JN�- 0.9972401. Tb

(III) −L-dopa−Lu(III) system� M%V:.D W:i�

i;�- YZ- 1.0× 10-8 M~2.0× 10-4 M�Q's,

M AN- 1.0× 10-9 M�QL, W:� ±JN�-

0.9986101. M AN# /� F� _Û � <�q-

3'( �01.

� =�� 1997>= A?�@»A�a� �/q

(KRF-97-001-D00220). ��� RámQ's �.

�>�;21.
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Fig. 7. Effect of Lu(III) ion concentration on fluorescence
intensity of Tb(III)−L-dopa−Lu system in aqueous solution:
[L-dopa], 5.0× 10-6 M; [Tb(III)], 1.0 × 10-5 M; pH, 8.5; λex,
300 nm; λem, 545 nm.

Fig. 8. Calibration curves for L-dopa in aqueous solutions:
λex, 300 nm; λem, 545 nm; (a) [Tb(III)], 1.0× 10-4 M; pH, 8.0;
(b) [Tb(III)], 1.0 × 10-5 M; [Lu(III)], 1.0 × 10-5 M; pH, 8.5.


