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*+. +,-. 	�/ $01 N-(4'-benzo-15-crown-5-ether)-anthracene-9-imine
 -2 34 56�� 7"

�� 8*+. ��
�� �� !9� "#): �� 
�56� ;� <�� <'� =�, >?<�4 $

�%&�: PVC: -@A� <�B- 1.0:33.0:66.0 wt% 
C+. D�� E-A� 0.2 wt% KTpClPBF '(

G� H0 Nernstian :I:- J
 3KLM, N O�P Q O�P RS TU0 �� ��
�� 56�


VW X5YC+. Z[ \]^
�0 �� �� 
�� 56�4 logKK+
pot

, NH4
+ = -2.59� K_ 34 `� 8*

+. 
 �a� bcde4 t100=5sec�1 f4 de0 J4 dgF hij � kM, 3_ 
l '()m� 5

6�� hi Z�0 n+o p	- qC+.

ABSTRACT. Newly synthesized 15-Crown-5 derivatives including anthracene were used as neutral car-

riers for ion selective electrodes to determine potassium ion by potentiometry. Among the five neutral carriers

studied in this work, N-(4'-benzo-15-crown-5-ether)-anthracene-9-imine was found to be the best in terms of

selectivity and stability. The optimal composition of ion selective membrane was 1.0, 33.0 and 66.0 wt% for

neutral carrier, PVC and plasticizer, resperctively. Addition of KTpCIPB used as a lipophilic additive improved

the Nernst slope and the selectivity of potassium ion over alkali and alkaline earth metals. Especially, the selec-

tivity of potassium ion over ammonium ion was remarkably good (logKK+
pot

, NH4
+ = -2.59). The response time was

also excellent (t100=5sec) and continuous use of this electrode for three weeks has not changed the selectivity

and analytical characteristics.

� �

�� 
�� 
�56� �a9� "#): �)m

J4 	�/�
 
�56� /r� '(YM k+. �

�
� 56� �a0 �� >s� $� %&�t u

v/rw valinomycin1-3
+. 
F 
(� 
�56�

�a� �x, y"0 z{� |}F ~:)t Na+0

�� 56��( )- −4.0 
l9� l�[logK
K+ Na+,
pot



Journal of the Korean Chemical Society

32 ��������	
���
�

34 56�� -..�, NH4
+, Rb+, Cs+�0 �}1t
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� $ crown ether 	�/�� �x, ��0t mono-

cyclic crown ether�4,5
 J
 �
YC+. ��� 


/r� �� 
�56� �a� '()m ��
��

"# )M� j H, ���
�0 �� 56��,

- −2.0 �� "�
M, N +o 
�0 �

}1� ��� 56�� ���. �)*+. 
 �At

bis(15-crown-5)���F 
�56� /r� '(�9

�� J
 X5YC+. 
 /r4 f4 .|� �w�

�� ��h0 crown ether�h� ��)t macrocyclic

polyether
+. 
 	�/4 � X� 
�� crown ring

� � ?w ¡¢ H�0 crown ring� ¢£8+ ¤

¥ Zn� �
��� monocyclic 	�/0 B} ¤

¦W 2:1� sandwich§ ¨/� §��+.6-8 ©ª1

1:1 ¨/8+ liphophilic� sandwich§ ¨/� §�4

�(«01 membrane phase� Zn� �
�� h�

F VW�9� 8+ ¬4 
� 56�� ��­+M

8MY*+.

� ®� M. Kimura �9
 ��� bis(crown ether)�
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�56� /r� )M o-nitrophenyl octyl ether

F -@A� '(G� H, `4 −3.52��

34 56�� ���C+. N NH4
+0 �}1�


 −2.00� `� ���CM, bcde4

10s "�� B�? ¯o°
C+. T. Shono �100
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����4 {{ +o |} 
�º0 �}1 ���
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Î ¾¿01t anthracene� ��)t 15-crown-5
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©ª AÈ± �a� ��
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��

56�� <')*M, �a� bcde� 2:?w 7

��� <')*+.

� �

��. 
�56� ;� AÈ0 ÒÓ� -@A� '(

± bis(2-ethyl-hexyl)adipate(DOA), bis(2-ethylhexyl)

sebacate(DOS), 2-nitrophenyl octyl ether(NPOE), dioctyl

phenylphosphonate(DOPP),..�� '(� poly(viny-

chloride) (PVC), D�� E-Aw potassium tetrakis

(4-chloro-phenyl)borate(KTpClPB)Ç (Âw tetrahydro-

furan(THF)t Fluka'(Buchs, Switzerland)� AÔ�

'()*+. 15-crown-5 derivativesÇ B�, ¾¿):

�� 
�56� /r� '(± valinomycin4 Fluka

'�AÔ� '()*M, 
�56� /r� 15-crown-

5 derivativest �
���01 ��� /r� '()

*9Õ, � 
<t Fig. 10 ���C+.
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TU� O�PRTU×Ø(«4 ZÙdÚ� ÛÙdÚ

� "A). ´M ��� '()*+. ]� («� A

<0t Millipore'(Bedford, MA, USA)� MILLI-Q

Water System� 
()m A<� Ü
��(Ý18 MΩÞ
cm)F '()*+.

��. Í�:Ø�a4 Orion double junction Ag/

AgCl(Model 90-02)�a� '()*M, m� -. <

�� 
�56� ;� 2¨� Èß�a4 Philips �a

�(IS-561; Glasblaserei Moller, Zurich)F '()*+.

Èß�a� Í�:Ø�a'
01 àv± � �ae�

�� t �� AÈ� áâ:Ç A/Dpã:F 
()m

IBMäã:º� åæç0 è2)*+.

���	
 �� 
�. ¾¿0 '(� 
� 56�

;�a� �h Bé4 PVC 66 mg(33 wt%), -@A

132 mg(66 wt%), Z"
�� 56?9� &c)t 


� 56� /r 2 mg(1 wt%)� êM, D�� E-A

� �#� 0.05ë0.6 wt%9� p	dì-Õ E-)*

+. �� ]� í�� (Âw THF 1 mL0 î� ï

m ð�«� ÊÊ� �P½0 ñm kt glass ring

(i.d.: 24 mm, Fluka, Switzerland)0 �� �§�+.


H '(� (Ât �:$0 Ú 24de "� |ò)

m áàdó+.

���� ��. A<± 
�56� ;4 ô� 5.5

mm� õ§9� öª�� Philips�a�0 2¨dì È

ß�a9� '()*9Õ, Fig. 20 ��� kt í�

÷4 Û&?w �� y"2òF 
()m �� F y

")*+. Èß�a� :Ø�a'
� �� t high

input impedance voltameterF ø} y"Y� 1s e

�9� åæç0 ù  è2)W ±+. Èß �a� �

� :Ø(«9�t 0.1 M KCl� '()*M, úû�}

r� '(Yt üý(«4 0.05 M tris-HCl(pH 7.2)�

'()*+. '(± ×Ø(«4 O�PTU� O�PR

TU� ?�# áS�0 (}dì '()*+. 
�5

6� ;� 56��(selectivity coefficient : )t h

P(« y"!� '()m 
)*+.

�� � ��

�
��� ��� �� ��� �� 
. Î ¾¿0

1t anthraceneòã�F -.M kt benzo-15-crown

-5(B15C5), 15-crown-5 �PM þþ B15C5 ����

Ki j,
pot

Fig. 1. Structures of 15-crown-5 derivatives used in this work.

Fig. 2. Schematic diagrams of potentiometric device (a) and
setting of ion selective electrode (b).
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�56� /r� '()m 
�56� �a� �

�M, 
 �a0 �� O�PTU� O�PRTU� b

cZ�� <')*+. { 
�56� /r�0 �}1

m� -. -@AF '()m bc� Q 56�� B

�)*+. 
H <�Bt 1 wt%(neutral carrier) :

33 wt%(PVC): 66 wt%(plasticizer)� )*+. 
0 �

� bcZ�� <')m Nernstian slope, ô5bcÿ

� Q lÐ��F 
)m Table 1, �PM 56��F


)m Table 20 ���C+. ]� 
�56� /r

�
 ��
�0 �}1 -2 34 56�� 8*+.

-@A� DOAF '(� compound I-based membrane

� bc�4 ��
�0 -2 ��� bc� )M +

o 
��0 �} B�? 34 56�� 8
M k+.

��� ��
�0 �}1 10−5ë10−1 M �.� :I

: `
 43.4 mV/decade� 
�?w `w 59.2 mV/

decade0 J
 �ò. �)M, �a9� AÈ� 2de

� '(
 ���� :I: `
 B�? �P b@)

: H�0 compound I
 �(«0 ¦W (})t í

9� v{±+. ©ª1 
 /r4 $�%&�� '(j

� q+M v{)*+.

Compound II-based membrane4 -@A� DOSF

'(G� H -2 34 bc�� 8*9�, ��
�0

�� :I: `
 38.7 mV/decade� 
�?w `


VW �ò. ��� O � kC+. N� +o 
��

0 �� 56�� `
 ���. �)*+.

Compound IV-based membrane0 �}1t /r�

�- M� l²� ="
 K�ª «� l²� Ë¼)

M k�1 <�BÇ -@AF +�)W p	dì -Õ

bc�� y"} 8µ9�, :I:Ç 56� ]� ISE

� '(): �� "�� `� ���C+.

�PM compound V-based membrane0 �}1t

-@A� DOAF '()*� H0 B�? 34 bc

�� ���C+. :I:� `
 49.0 mV/decade� �

� membrane8+ 34 `� 8*9�, úû��- y

" j H	+ <T
 á-)M k�� O � kC+.


t $�%&�� '(± /r� �(«0 �� (}

�- Âx V: H�9� v{±+.


l� ¾¿=�F 8¸, compound III-based mem-

brane� �x0t x5 :I: `
 56.5 mV/decade

� 
�?w `0 ��)m +o ;8+ ��� í9

� ���+. N� Table 20 ��­ í�� 56��

� B�} 8µ� �x0� +o ;0 B} y"�

]� 
�º0 �} ³l± `� 8*+. 
H 56�

4 K+>NH4
+>Na+>Li+>Mg2+>Ca2+� 
1� ���+.

�PM y"H	+ úû��� á-�
 qt í9�

8K �(«l01 �¶ "� lipophilic)+M m�.

�� -@AÇ <�BF +�)W p	dÑM, D��

E-AF '()m bc�� BÏ� 56� Q �a�

7"�� á-dÑM� K�Ç ÷4 8+ À�?w ¾

¿� ¡)*+.

!"
 ��� �� �� 
. -@A� ºS0 ©o

��
�0 �� bcZ�� OK8: �}1, -@A

F bis(2-ethylhexyl)adipate(DOA), bis(2-ethylhexyl)

sebacate(DOS), 2-nitro phenyl octyl ether(o-NPOE) �

PM dioctyl phenylphosphonate(DOPP)� p	d�+.


H �a� <�Bt 1.0 wt%(neutral carrier) : 33.0

wt%(PVC) : 66.0 wt%(plasticizer)� )*9Õ, ��


�� ��0 ©o ��p	F y")m Fig. 30 ��

Table 1. Nernstian slope, linear range and relation coefficient for the various neutral carriers used in this work

Neutral carrier Plasticizer Nernstian slope (mV/decade) Linear range (pK+) Relation coefficient

Compound  I DOA 43.4 5-1 0.9972
Compound  II DOS 38.7 5-1 0.9942
Compound  III DOA 56.5 5-1 0.9997
Compound  IV DOS 16.2 3-1 0.9672
Compound  V DOA 49.0 5-1 0.9972

Table 2. Selectivity coefficient of the compound III-based
membrane electrodes to alkali and alkaline earth metal ions

Neutral carriers
Selectivity coefficient 

Na+ Li+ NH4
+ Mg2+ Ca2+

Compound −1.69 −1.85 −1.16 −2.82 −2.28
Compound −1.13 −2.11 −1.79 −2.61 −2.44
Compound −2.15 −3.69 −2.12 −3.84 −4.20
Compound −0.22 −0.35 −0.30 −0.47 −0.43
Compound −1.19 −2.08 −1.25 −2.78 −2.44

Klog
K+ M,

pot



����� ���� 15-Crown-5 ���� ����  !"# �$% &'��( )*+, -. 35

2001, Vol. 45, No. 1

�C+. N 
 ��01 Nernstian :I:, ô5bcÿ�

Q ô5� lÐ��F 
)m Table 30 ���C+.

Table 301 8t úÇ ÷
, -@A� DOSF '(

� ;� :I: `
 53.3 mV/decade� B�? 34

`� 8*9�, DOAF '(� ;
 Nernst :I:0

-2 ö Ûò)M lÐ��� �d 34 `� ���

C+. DOSÇ DOA� 
<- B�? �'� í9� 8

K -@A�t C�§� 
<F �t í
 compound

III0 ?�� -@A� 8m�+. ��� o-NPOEÇ

DOPPF -@A� '(� ;0 �}1t Table 301

8t úÇ ÷
 �4 :I: `� �t í9� ��

� ?�� -@A- � � q�� O � k+.

�
 ���� #$%&. $�%&�� �#
 ;�

bc�0 �òt �³� OK8: �}1 $�%&�

w complound III� �#� 0.5, 1.0, 1.5, 2.0 wt%�

p	dì 4X� ;� AÈ)*+. 
H ..�w PVC

� �#4 33.0 wt%� Û")W )M 
0 ©o -@

A, DOA� �#4 $�%&�Ç PVC� �#� A�

í9� )*+. 
H� ;/r �#p	0 ©o m�;

� ��
� ��0 ©o ��bc� Fig. 40 ���

CM, 
 ��01 Nernstian :I:, ô5bcÿ� Q

ô5� lÐ��F 
)m Table 40 ���C+.

Table 401 O � kt úÇ ÷
 $�%&��

�#
 2.0 wt%w ;� �x0t ô5�4 �¶ "�

��).� :I:� `
 25.8 mV/decade� K_ È

W ���M, � Í� ;0 �}1t B�? BÁ�

`� 8*9� -2 ¬4 :I: `� 8w 1 wt%F

>?� �#9� =")*+.

!"
 ' PVC� #$%&. -@A Q PVC� �

#
 ;� bc�0 �òt �³� OK8: �}1

Table 3. Nernstian slope, linear range and relation coefficient
for the different plasticizers used in the compound III-based
membrane electrode

Plasticizer
Nernstian slope 
(mV/decade)

Linear range
(pK+) 

Relation
coefficient

DOS 53.3 5-1 0.9998
o-NPOE 41.7 4-1 0.9986
DOA 56.5 5-1 0.9997
DOPP 27.4 3-1 0.9682

Fig. 3. Pontential versus concentration of K+ ion for the dif-
ferent plasticizers used in the compound III-based membrane
electrode: The background electrolyte was 0.05 M Tris-HCl,
pH 7.2(a, DOS; b, o-NPOE; c, DOA; d, DOPP).

Fig. 4. Potential versus concentration of K+ ion for the dif-
ferent neutral carriers used in the compound III-based mem-
brane electrodes: The background electrolyte was 0.05 M
Tris-HCl, pH 7.2; Composition: compound III : PVC : plas-
ticizer =x : 33 : 67-x (wt%).

Table 4. Nernstian slope, linear range and relation coefficient
for the different neutral carrier contents used in the compound
III-based membrane electrodea

Contents of neutral 
carrier (wt%)

Nernstian slope
(mV/decade)

Linear range
(pK+) 

Relation 
coefficient

 0.5 52.9 5-1 0.9999
 1.0 56.5 5-1 0.9999
 1.5 55.2 5-1 0.9999
 2.0 25.8 5-1 0.9999

a: Compound III: PVC: plasticizer = x : 33 : 67-x (wt%).
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$�%&�w compound III� �#4 1.0 wt%� Û"

)W )M -@AÇ PVC� �#� l�?9� p	d

ì 3X� ;� AÈ)*+. 
H� ;/r �#p	0

©o m�;� ��bcZ�� <')m >� :I:

`� ô5bcÿ�F 
)m Table 50 ���C+.

Table 501 8t úÇ ÷
 ]� ;��  
-

Âx V.t ´.�, <�B01 PVC-  .)t �

#
 J4 �x0t ;� èu
 á-)m úû��

`
 <T ¬W ���M :I:� 50.0 mV/decade 


)� Nernst :I:0 �ò. ��� 8*+. ©ª1

PVCÇ -@A� �#� {{ 33.0, 66 wt%� )*+.

()
 *!
� #$� �� ����. D�� E-

AF ;�h0 E-)*� H ;� bc�, 56� �

PM �a� 7"�0 �òt �³� OK8: �}1

+�� ÷4 ¾¿� )*+. �, D�� E-Aw

KTpClPB� �#� 0.05ë0.6 wt% �. +�)W p

	d�+. 
H $�%&�� �#4 Û")W )M -

@AÇ PVC� �#� l�?9� p	dì 6X� ;

� AÈ)*+. D�� E-A �#p	0 ©o m�;

� ��bc� y")m >� :I: `, ô5bcÿ�

Q lÐ��F 
)m Table 6 ���C+.

Table 601 8t úÇ ÷
 KTpClPB� �#
 0.05-

0.3 wt% '
01t ��h Nernstian :I: `


54.0 mV
l9� B�? ¥  
- q9�, 
 $01

�#
 0.2 wt% Û Ht 57.5 mV/decade� -2 34

:I: `� ���C+. ��� �#
 0.3 wt% 8+

J4 �x0t úû��- ¬K.M :I:, ô5ÿ�

- 3. ��� O � kC+. ©ª1 D�� E-A

- Û"# 
l E-Y¸ �� J4 �
� �P-

v�Y� :I:� 56�� b@dÑt í9� v{

±+.

D�� E-AF E-�0 ©ª +o O�P Q O

�PRTU0 �� 56� X5� m�F OK8: �

)m +�� ÷4 ¾¿� �-)*+. �, >M� ��

bcZ�� 8
t 0.2 wt%� KTpClPBF ��)t

�a� AÈ)*+. m� -. O�P Q O�PRTU

�� ��bcZ�� y")m Fig. 50 ���C9Õ,

N 
 �a� +o O�P, O�PRTU0 �� 56

�� `� 
)m Table 70 ���C+. 
 Table0

t 
 �a� 56�� 8+ "�[ �w): �)m

>M� 56�� 8
t valinomycin� $�%&��


(� �a� ÷4 |!9� AÈ)m ÷4 
�0

�� 56��F 
)m �  ���C+. 
 Table0

1 O � k!
 +o 
�º0 �}1 ]� 56�


 ³lYCM, Z[ NH4
+0 �}1t � `
 −2.54

Table 5. Nernstian slope, linear range and relation coefficient
for the different compositions of DOA, PVC and neutral car-
rier used in the compound III-based membrane electrodea

Contents of DOA 
(x=wt%)

Nernstian slope 
(mV/decade)

Linear range
(pK+) 

Relation 
coefficient

 x=33 56.5 5-1 0.9997
 x=31 54.7 5-1 0.9999
 x=35 49.7 5-1 0.9998

a: Compound III: PVC: plasticizer = 1 : x : 99-x(wt%).

Table 6. Nernstian slope, linear range and relation coefficient
for the different KTpClPB contents used in the compound III-
based membrane electrodea

Contents of 
lipophilic additive
(wt% of KTpClPB)

Nernstian slope
(mV/decade)

Linear range
(pK+) 

Relation 
coefficient

 0.05 55.0 5-1 0.9999
 0.1 54.4 5-1 0.9999
 0.2 57.5 5-1 0.9999
 0.3 54.2 5-1 0.9999
 0.4 47.2 5-1 0.9923
 0.6 41.1 4-1 0.9827

a: Compound III: PVC: plasticizer: KTpClPB=1.0 : 33.0-x/2 :
66-x/2 : x(wt%)

Fig. 5. Potential versus concentration of KTpClPB used in
the compound III-based membrane electrode for the different
alkali and alkaline earth metal ions: The background elec-
trolyte was 0.05 M Tris-HCl, pH 7.2.
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Table 7. Selectivity coefficients to alkali and alkaline earth metal ions for compound III-based membrane electrode and valinomycin
based membrane electrodes

Neutral carriers Na+ Li+ NH4
+ Rb+ Cs+ Mg2+ Ca2+

Selectivity coefficient
(log

Compound III −2.27 −3.95 −2.59 −1.00 −2.00 −4.08 −4.45

Valinomycin −4.29 −4.71 −1.82 −0.41 −0.38 −3.91 −2.82K
K+ M,

pot

Fig. 6. Pontential versus response time to potassium ion for
the compound III-based membrane electrode: The background
electrolyte was 0.05 M Tris-HCl, pH 7.2.
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