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� �. � ��� N-carbamoylglycine� �� ��� PET sensor� �	� ���. N-Carbamoylglycine� ��

��� � !" #	$%� ����� &'( )*+ ,- fluorophore� luminescence intensity� .
/0 
 ,

+ �� 12 ����� �	3 
 ,�. 4	� ����� Ni2+, Cu2+ 5�+ Zn2+�6 7��89" :;<=(

4	$> ?@A( BC$D�. Ni2+ ��� E�� � !� �2� eT mechanism.
� F>GH96, Cu2+ ��

� :;<=� N-carbamoylglycine( IJ$- ?@A( KL+ ,96, Zn2+ ��� MN OP� luminescence

intensity .
� Q9R- �9" STU�. 

���: N-carbamoylglycine, PET sensor, VWV

ABSTRACT. We have used PET chemosensors in the determination of N-carbamoylglycine. When N-carbam-

oylglycine reacts with complex already made by the fluorophore and metal ion, the luminescence intensity can be

changed and this phenomenon can be utilized in quantification. We used three metal ions, Zn2+, Ni2+, Cu2+ and in order

to investigate selectivity an acetic acid was used. Ni2+ ion showed change in the eT mechanism by the anions. Cu2+ ion

showed the ability to distinguish N-carbamoylglycine from an acetic acid and it is noteworthy that Zn2+ ion can change

luminescence sensitively according to concentration.
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MN h	� 
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N-Salicylideneaniline� ����� &'( )*� q%
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���	. N-carbamoylglycine(CG)� TCI(assay 98%)

\®��. N-Salicylideneaniline\]� 4	� salicylaldehyde

- Lancaster(assay 99%)\®�6 aniline� Hayashi

(assay 99%)\®( 4	$D96 ¢£ �\��  �

4	$D�.

��/¯� ZnCl2, CuCl2 · 2H2O, NiCl2 · 6H2O�6 	

Md :;<=(Ac)( p°� �¬ /¯ ¢£ Duksan\

®9" 4	$D96 �ro� ���� 	M" 4	�

�w	 methanol� 30oC�� ±²³´$> 4	$D�.

N-Salicylideneaniline(SA)
�. Salicylaldehyde 2 mol

� aniline 2 mol( methanol ̄  100 ml� µ� ¶ conc

HCl 8 drop( ·K� ¶ �x ��� $s¸y �� �

¹ $D�. 	M� �ro ±²³W /º ¶ ��9"

»�$> �A� +¼� >� ¶ methanol	M�� «

��$D�. ½]/º �A'( 1/  >� ¾¿ ÀK

Á methanol	©9" ;Â$+ ÃÄ- #w( 2Å ¹

Æ$D�. ¯ 96%� 
e" �� [ÇÈ ��( ÉH

�. H NMR(400 MHz, CDCl3) δ 6.9~7.6(m, 9H), 8.9

(s, 1H); LCMS(acetonitrile+H2O) 198.89; FT-IR(KBr)

C=N: 1615 cm−1, ring skeletal stretching: 1588 cm−1,

1571 cm−1.

HCl-MeOH �
 ��. Conc HCl	©� Ê=( µ

_ W�/º ³x� methanol� pË $D�. ¯ 1 M

��� HCl 	©� \]qH96 ¶� fkJ" ��

� 1/2" ÌÍ 	© 3Î� \]$> 4	$D�.

NaOH-MeOH �
 ��. Methanol	©� NaOH

��( µ_ $s¸y �¹ ¶ Ï� 'Ð( ¾Ñ�H�.

�Ò� \]� 	©� ¯ 0.3 M ��� NaOH 	©�

6 ¶� fkJ" ��� 1/2" ÌÍ 	© 3Î� )*

_ 4	$D�.


��	 ��. Proton NMR� Oxford 400 MHz�

4	$D+ FT-IR� Midac� M-1200( 4	$D96

LCMSoÓ�- Micromass� Micromass Platform( 4

	$D�.

pH��� �� ��� ���� � luminescence�

�. iÔ? oVoÓ�- Shimadzu� UV-160A� 4

	$D+ luminescence­��- Shimadzu� RF-5301PC

� 4	$D�. pH­�� gel-filledÕÖ� Aldrich

electrode� K� Suntex SP-701( 4	$D�.

¢× ­��- 1 cm×1 cm Ó¥ cell( 4	$D+ �

�� ­� sample� 250 mlØ methanol	M" \]q

H96 � sample 250 ml�¼� HCl-MeOH 	©�

NaOH-MeOH 	©( 1~2 ̀ ÙØ z_Ú} pH .
�

Q9º �E ÛÜ<Ý( ÉH�. Sample� ·Kq- =,

Þx 	©� �� sample� �� .
- 1% ����. 

�� 
 ��

N-Salicylideneaniline� luminescence��. Salicylidene-

aniline� I]X ßà ��� intramolecular proton

transfer� �� self-isomerization( Q9R- 
�'"

á â}{ ,�. N-Salicylideneaniline� O-H ��� X

Ô? ãä�¸(stretching vibration)� 2700 cm−1 åæ�

� ­�� ��" MN ¯� ��( �s+ ,�. ��

� I]X9" O-HçN ÕÖ� 
c��( è� �é


 ,x ���6, � ��� ê( ë
� ¶ è� proton

transfer� Q9ì ketoÕÖ" ��� 
 ,�.
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�Ñ� I]X �h" luminescence spectra� Q¹

XC �¬ V WV'Ð�- IJq- ßà( STí�.

Luminescence spectra� É( � λexK 337 nmQ �N

Kt �� ��� É( 
 ,H+ luminescence spectra

- 512 nm�� dataæ�$D�. N-Salicylideneaniline�

absorption� luminescenceK �æÝ î� À�� F�

- �� absorption( 12 enolÕÖ� excited state8

Ö�� intramolecular proton transfer� Q9ì ketoÕ

Ö" ��� �E luminescence� Q9Rx ��C �

9" â}ï�.21

Q¹X9" luminescence intensity- pH� ����

.3 
 ,�. 10−4 M ��� N-salicylideneaniline� ̄

pH 4~10 ��� ðñ��- J�¬ .
� F�L ò

-�(Fig. 1). $L) ¯ pH 4��r� ¯ pH 2��ó

L- luminescence intensityK ��g ³K$+ ,�.

5 ô� .
 õ� ��� intensityô� ¯ 2ö" 8÷

$- �9" FC�.

7 �h �iø( KL+ ,- ��xK oi ��

,9% 5 'Ð� luminescence� ¥¦( � 
 ,�.

-NR2, -NO2d ¡� �� x- -NR2+F* ù -NR2
+ +F−

(F=V WV'Ð)d ¡� eT processK K�2 oiK *

ú 8Ö�� xû8Ö" z_L� $ü" luminescence

� ±c/R- �¦� ,�.22 �Ñ� �N 	©� uu

=A9" �
ý proton� N-salicylideneaniline� Ðc

�iK K� 7 �h �iø� ��2 eT processK ±

c$� q_ luminescence intensityK ³K 3 
 ,�.

-OHx� protonation� Ðc�i� �Nd- þ�

luminescence intensity� ±c/R- �¦� ,- �9

" F�+ ÿ� pH��- 'Ð� vy�2 FC�. N-

Salicylideneaniline� -OHx� ��/0 �N luminescence

intensityK ³K��- �� 7·_ � � -OHx- Ð

c�i� 7 �h �iø� Q9R- eT processd-

�¬ b�K ,- �9" �f��. ¯ pH 10 �8�

� F�- ��� intensity³K- �A� E�� ��

C � ¡�.

337 nm��� ëV� oi � O-HçNÕÖ� 
c

��� �� ��� F+ ,�.23 ������ &'(

)* �N � �t��� ëV�- #:L� q6 ��

12 &'( )*x /#$- pH� â 
 ,�. Fig. 2

�� � 
 ,�� Ni2+, Zn2+ ��� pH 6 ����r

� &'( )!- �9" FC�. Cu2+ ��� MN ¤

� coordinative interaction9" pH 3åæ��r� &'

( )*+ ,�.

Zn2+ !� "#. Zn2+��� d10� � �	� �i

I]� KL+ ,_ Q¹XC transition metal ��*

�- �¬ ßà( FC�. Zn2+��� one-electron redox

activity� F�L òx ��� _
 eT mechanism� K

L+ ,L ò�. Q¹X9" ����� fluorophoreo

id &'( ÕA / luminescence� ³K/R- �9"

â}{ ,-^ �\"- Zn2+��� ¡� eT mechanism

( KL+ ,L ò� ����)� luminescence ³K

� b�� FC�.

Fig. 2�� 337 nm�t� pH.
� �¬ ëV� .


� F�q% Zn2+��� N-salicylideneaniline� ¯

pH 6 ��r� &'( ÕA$- �9" STí�. Fig.

3� luminescence intensity.
 5��� F% ¯ pH 6

Fig. 1. pH dependence of the luminescence intensity of N-
salicylideneaniline(10−4 M).

Fig. 2. Absorbance change for complexes with metal ions as
pH changes (1 eq=10−4 M).
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��r� luminescence intensityK ³K$x /#��.

UV/Vis spectra��� 7·_� � �Ñ� intensity³

K� �h- N-salicylideneaniline� Zn2+ ���� &

'� ÕAqx /#$%� Q_S- ���+ �fq

_ Ð 
 ,�. N-salicylideneaniline� �N Zn2+��

�� ��( 1� luminescence intensity³Kõ� MN

�� �� ô� 180ö� 
- ³K� FC�.

Zn2+��� N-salicylideneaniline� &'( ÕA$�

q% 5 luminescenceÛÜ<Ý� 486 nm� ��9"

S�� ��. �- N-Salicylideneaniline )� luminescence

spectraôC 512 nmF� 8�g f �t9" �¸� �

9" Zn2+��� N-salicylideneaniline�� &' ÕA9

" C2 N-salicylideneaniline� intramolecular proton

transferK _}	{ enolÕÖ�� luminescenceK Q_

Sx ��9" �f��. ̄  pH 9 ��� 
_�% data

� «�A� 8�g z_L6 ��� �� ÕA� ¥¦

9" ����.

Fig.  3�� � 
 ,�� N-Salicylideneaniline� Zn2+

�� &')� luminescence intensityF� � !"�

#	3 
 ,- �¬ 
��C N-carbamoylglycine�

	©� ª«3 �N ̄  pH 6~9 ðñ��- 5 intensity

K ±c$- �� F�6, 5 ±cõ� N-salicylideneaniline

� 10ö ��� 2�$- 10−3 M� N-carbamoylglycine

� ª«3 �N pH 8�� 100ö � �¬�. 10−5 M�

�� N-carbamoylglycine� �N�� 5 .
 õ� F

Q ��" 8�g OP� intensity.
� FC�. 5Ñ

S 5���� F�� ¯ pH 9 �¶� �� pH��-

J�¬ Q�A  � luminescence intensityô� uu ¡

:L+ ,96 N-carbamoylglycine� intensity� ¥¦

( Z�L �$- �9" F�+ ,�. �� �� ��

N-carbamoylglycine� 	© �� ª«3
ý intensity

K ±c$- �� :�� �� 5��K �¬�9"

shiftq- �æÝ F�+ �Ñ� �¸9" C2 intensity

À�K �x- �æÝ FC�. ��� Zn2+��� N-

salicylideneaniline� &'� N-carbamoylglycine��2

�"Á eT mechanism� �x- �� :�� fYg

N-carbamoylglycine� ¥¦� Zn2+��� N-salicylideneaniline

� &' ÕA( �� �� pH" �¸/R- b�K ,

- �9" ��3 
 ,�.

��� 4	� 	©�- �¬ `2 
��� ª«$

L ò�9ü" N-carbamoylglycine� �� ?@A >r

- 5��� Sd,L ò�. 5 ?@A >r� â:F

x ñ2 7� 
� �9" :;<=( ?@2 ��$D

�. :;<=� 	© �� ª«3 �� ¸Q� b��

ST�- �9" FC�. :;<=� 7�� ��� N-

carbamoylglycine� 7�� ��" luminescence intensity

� ±c/º�. :;<=� N-carbamoylglycine� ��

KL" Zn2+��� N-salicylideneaniline� &'( ��

�� pH�� ÕAq�ý $- b�K ,- �9" FC�. 

Zn2+��� N-salicylideneaniline� &'� 	© ��

N-carbamoylglycine� ��� â:�-^ 4	� K�

$�. 5ÑS Zn2+��� N-carbamoylglycine� �¬ ̀

2 
� �( IJ$L �$+ ,96 N-carbamoylglycine

� Zn2+��� �2 8�X9" ¤� � !"� #	

3 
  - �9" F�x ��� �\XC Æ�� k

��� �	� �* �9" FC�.

Ni2+ !� "#. Ni2+��� �� � !d y��

&'( �s- �������6 ��� ÕÖ�

supramolecular�A� G� guest" �	q_L+ ,�.

Fig. 2� 337nm�t� pH� �¬ ëV� .
5�

�� F% Ni2+��� ̄  pH 5 ��r� N-salicylideneaniline

� &'( ÕA$- �9" F�+ ,�.

	© � N-salicylideneaniline� �2 Ni2+��( 0.5

��9" $> Ni2+��� 2oi� N-salicylideneaniline

� &'( �é 
 ,- ��( )*% :;<= �-

N-carbamoylglycine� °� &'( �s_ eT process

�  \$- b�K o!g STí� (Fig. 4). N-

Salicylideneaniline� pH 10 åær� ��� luminescence

intensity³K� F�- 
�'��. $L) 5Ñ� ßA

� Ni2+��� 1:2 &'( �s+ ,( �N" �¹�

Fig. 3. pH dependence of the luminescence intensity of
N-salicylideneaniline-Zn2+ mixture with N-carbamoylglycine
(1 eq=10−4 M).
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� b�� K{d pH 10 åæ��r� ��� intensity

±c� � 
 ,�. Ni2+��� luminescence intensity

� negative effect� KL+ ,E�� vI$+22 Ni2+

��( 0.5 ��) µ_G_ 1:2 &'( h�$% J�

¬ intensity±c� F�L ò96 pH 10 �8�� F

�- ��� intensity±c� N-carbamoylglycine�S

:;<=� °� &'( �s+ ,( # W�$L ò-

ßA� FC�. �Ñ� pH 10 �8�� F�- B��

Ni2+��� eT process�  \/R- b�- 	© ��

ª«$- N-carbamoylglycine�S :;<=� ���

7$$> Q_S+ ,96 ��� 7$� 5 .
õ�

�� N-carbamoylglycine� �� ���� 4	3 


,�. $L) :;<=�� IJ�%� �&  x ��

� �\X �	� �* ���.

Cu2+ !� "#. Cu2+��� square-planar &'(

á ÕA$- ������9" Square-planarI]- N-

carbamoylglycine� 
c�� '� K�2 ?@A� �

:� fluorophore�A� MN h�� I]��. Ni2+�

�� ��KL" � !d ¤� &'( ÕA$- ��

������. Fig. 2� N-salicylideneaniline� pH� �

¬ ëV� .
 5��� F% ¯ pH 3 ��r� &'

� ÕA� ��" �fg ¤� coordinative interaction

( F>G+ ,�.

Cu2+��� square-planar &'� ÕA>r- uv/vis

spectra� 12 BC3 
 ,�.16 Cu2+��� salicylideneaniline

� 7�� �´� 
�'� square-planar &'( ÕA

$> W�/0 
 ,- d-d ��� �t� 500 nmåæ

�6 � ���� N-salicylideneaniline� �N- 480 nm

�� �($x" ��$D�. Square-planar &' ÕA

� Cu2+��� ��7K N-salicylideneaniline� 72

0.5 �� ��" X� ��Q �NK h�$�+ O8

3 
 ,-^ Fig. 5- 5Ñ� ��� F>G+ ,�.

5���� STS� Cu2+��� ��K )¹��Q �

K N-salicylideneaniline� Cu2+��� 1:1" ª«3 �

F� � �� 480 nm� ëV�� F>G+ ,�. Ni2+

��� 7�� ¥*� �t�� square-planar &'�

d-d��� Q9º�. 5ÑS ���� J�¬ ëV� ô

( +_ , 
  Hx ��� octahedralI]� ?-�

�+ �f$D�. Cu2+��� square-planar &' ?-

�¦� N-carbamoylglycine� �� ?@A ³K� 8�

g h�$� #	3 
 ,�.

N-Carbamoylglycine� :;<=� ̧ Q� I]� acid

ro( KL+ ,x ��� 7�� ¥¦( � 
 ,(

��+ Zn2+��� Ni2+��( 4	� ����- 5

acid ro)� ¥¦( G_ ��X9" :;<=� I

J� qL ò- data� F>G+ ,H�. $L) Fig. 6

��� � Cu2+��( 4	� �N- N-carbamoylglycine

� :;<=�- �¬ ¥¦( ST�+ ,�. N-

Carbamoylglycine� Ðc�i� 7 �h �iø� MN

Þx�K #:� ����*� &' ÕA( x�$x

_.L) Cu2+��� coordinative interaction� MN ¤

2 Cu2+��� �2�- � !"� #	3 
 ,- �

�� � 
 ,�. 5/ �N N-carbamoylglycine� �

�� � !" 0¸3 
 ,�. ��� N-carbamoylglycine

Fig. 4. pH dependence of the luminescence intensity of N-
salicylideneaniline-Ni2+ mixture with N-carbamoylglycine or
acetic acid (1 eq=10−4 M).

Fig. 5. Absorbance change for complex with Cu2+ ions as pH
changes (1 eq=10−4 M).
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� Cu2+��� 01�2 b�� ,_� :;<=F�

34 h�$� #	3 
 ,�. Fig. 6� luminescence

intensity.
 5��� F% 5Ñ� �¦� STS+ ,

�. :;<=� N-salicylideneaniline� luminescence

intensity5Æ� ¥¦( GL �$+ ,96 N-

carbamoylglycine� :;<=F� 34 N6� intensity

5Æ �%( F�+ ,�. �� N-salicylideneaniline�

luminescence intensity5Æ� N-carbamoylglycine� 1

�� ���¶�� MN ³K$- �9" STS- �

( � � eT process \K :7 Cu2+��� 01�2

b�" F>��. 

 

� �

N-Salicylideneaniline� N-carbamoylglycine� 8-#

	( 3 
 ,( )� #	 x� KL+ ,L ò�. �

��� N-carbamoylglycine� :;<=� �" IJq

- dataK S��% 5�� 4	� ����� AÐ�

�� ���. � ���� N-carbamoylglycine� :;

<=� ����� �� � !"� IJ� 
 ,- �

�- ����� coordinative interaction�%� þ},�.

����� N-salicylideneaniline� &'( �s+ ,

( � :;<= � N-carbamoylglycine� luminescence

intensity.
� Z�- ¥¦� ����� �� 01�

2 b�d eT process \" S8 
 ,�. 5Ñ� ¥

¦� ����� öñ 8Öd 9�� �k� K��.

Zn2+��� N-salicylideneaniline� luminescence intensity

� pH� �� 180ö �89" ³K/R- �� ßA(

KL+ ,�. $L) 5 öñXC A¦ � Zn2+�� i

¼X9" N-carbamoylglycine� :;<=( IJ3 


,()� ¤� coordinative interaction( KL+ ,L

ò�- u� 4	$x� v�� �c��. 5Ý�� v

I$+ Zn2+��( �	� 
�'� jI2� K��

L: ); fluorophore� luminescence� MN ¥¦%

� î�.

Ni2+��� 	© �� ª«$- anion� ¥¦9" eT

processK è�  \� 
 ,- ßà� ,�. Ni2+��

i¼X9"- N-carbamoylglycine� :;<=( IJ

3 
 ,- �%�  + öñXC A¦� <L ò: Æ

�� I]� fluorophore� =�" $� ��. N-

Salicylideneaniline( �	� ���- X�$L òL)

Ni2+��� Q9R- eT process�  \K N-carbamoylglycine

� �2 B�g h�� 
 ,�- u� �� �� ÕÖ

� 
�'�� Kt �� ����9" >Q 
 ,(

�9" FC�.

Cu2+��� coordinative interaction� �¬ ����

� 72 MN ¤2� N-carbamoylglycine� Ðc�iK

MN ̄ � Þx�� KL+ ,E�� vI$+ &' Õ

A( h�$> :;<=F� � S� 01�<"� #

	3 
 ,�ý ��. ��� Cu2+��� f?9"�

:;<=� N-carbamoylglycine( IJ K�� �%(

KL� ��. �� 12 N-carbamoylglycine� Cu2+�

�� �� 01�< b�) KL+�� ����� K

�$�. 5ÑS �\ Æ�� k�� �	� � fluorophore

" N-salicylideneaniline( 4	$- �� @�K ,_

F�6 F� F|� ÕÖK =�3 ���.

� � � �

1. Chen, Y.; Yin, B.; Lin, S.; Hsu, W. Process Biochem-
istry. 1999, 35, 285.

2. Gokhale, D. V.; Bastawde, K. B.; Patil, S. G.; Kalkote,
U. R.; Joshi, R. R.; Joshi, R. A.; Ravindranathan, T.;
Gaikwad, B. G.; Jogdand, V. V. and nene, S. Enzyme
and Microbial Technology. 1996, 18, 353.

3. Lee, C. and Fan, C. Enzyme and Microbial Technology.
1999, 24, 659.

4. Lee, D.; Lee, S. and K, S. Enzyme and Microbial Tech-
nology. 1996, 18, 35.

5. Carol, J. H.; Kirchmann, S.; Stephanie G.; Burton and
Rosemary A. D. Biotechnology letters. 1998, 20, 707.

Fig. 6. pH dependence of the luminescence intensity of
N-salicylideneaniline-Cu2+ mixture with N-carbamoylglycine or
acetic acid (1 eq=10−4 M).



508  �������

Journal of the Korean Chemical Society

6. Kim, G. and Kim, H. Enzyme and Microbial Technol-
ogy. 1995, 17, 63.

7. Garcia, M. J. and Azerad, R. Tetrahedron Asymmetry.
1997, 8, 85.

8. Lee, C. and Lin, K. Enzyme and Microbial Technology.
1996, 19, 623.

9. Luksa, V.; Starkuviene, V.; Starkuviene, B. and Dagys,
R. Applied Biochemistry and Biotechnology. 1997, 62, 219..

10. Fabbrizzi, L. and Poggi, A. Chem. Soc. Rev. 1995, 197.
11. Fabbrizzi, L.; Pallavicini, P.; Pardi, L.; Perotti, A. and

Taglietti, A. J. Chem. Soc. Chem. Commun. 1995, 2439.
12. Fabbrizzi, L. In Chemosensors of ion and molecule rec-

ognition; Desvvergne, J. P. and Czarnik, A. W., Ed.; Klu-
wer Academic Publishers: London, U. K., 1997, p. 84.

13. Fabbrizzi, L.; Licchelli, M.; Pallavicini, P. and Taglietti,
A. J. Am. Chem. Soc. 1996, 35, 1733.

14. Fabbrizzi, L.; Licchelli, M. and Pallavicini, P. Acc.
Chem. Res. 1999, 32, 846.

15. Fabbrizzi, L.; Licchelli, M.; Rospo, C.; Sacchi, D. and
Zema, M. Inorg. Chim. Acta. 2000, 300, 453.

16. Fabbrizzi, L.; Licchelli, M.; Pallavicini, P.; Taglietti, A.
and Sacchi, D. Angew. Chem. Int. Ed. Engl. 1994, 19, 33.

17. Bissell, R. A.; de Silva, A. P.; Gunaratne, H. Q. N.; Lynch,
P. L. M.; Maguire, G. E. M., and Sandanayake, K. R. A.
S. Chem. Soc. Rev. 1992, 187.

18. Takase, A.; Sakagami, S.; Nonaka, K and Koga, T. J.
Raman. Spect. 1993, 34, 447.

19. Hoshino, N.; Inabe, T.; Mitani, T. and Maruyama, Y. Bull.
Chem. Soc. Jpn. 1988, 61, 4207.

20. Ledbetter, J. W.; J, Jr. Phy. Chem. 1977, 81, 54.
21. Becker, R. S. and Richey, W. F. J. Am. Chem. Soc. 1967,

89, 1298.
22. Fabbrizzi, L. In Chemosensors of ion and molecule rec-

ognition; Desvvergne, J. P. and Czarnik, A. W., Ed.;
Kluwer Academic Publishers: London, U. K., 1997, p 80.

23. Cohen, M.D. and Flavian, S. J. Chem. Soc. 1967, 321.


