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ABSTRACT. Poly(vinyl chioride}(PVC) membrane electrodes based on the lipophilic neutral carrier,
dibenzo-18-crown-6(DB18C6) and benzo-15-crown-5 (B15C5) as the active sensors for T1™ ion have been
prepared and tested in different content of the potassium tetrakis (4-chlorophenyl) borate (KTCIPB)
as lipophilic salt. Dioctyl adipate (DOA), 2-nitrophenyl phenyl ether (NPPE) and o-nitrophenyl actyl ether
(NPOE) were used as plasticizing solvent mediators. Electrodes exhibited good linear responses of 40~55
mV decade™! for TI" ion within the concentration ranges 107'~10"°M TINO;. Selectivity coefficients
of interfering ions (alkali metal, alkaline earth metal and some transition metal ions) for T1"-ISE were
determined by separate solution method and were sufficiently small for most of them. These crown
ether type ion-selective electrodes are suitable for use with aqueous solution at pH>3.
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Table 1. Composition of PVC membranes and response characteristics of various types of TI-ISEs

Electrode Membrane mass composition/mg Slopes Linear region
type Plasticizer PVC  Neutral carrier KTCIBP (mV/decade) on
1 DOA (186.2) 84.1 B15C5 (14.2) - 51.5 107'~107*
2 DOA (183.2) 84.1 B15C5 (14.1) 2.84 54.0 107 1~107*
3 DOA (170.6) 84.1 B15C5 (14.0) 14.2 555 1071~107°
4 DOA (169.9) 84.3 B15C5 (14.0) 184 529 1071~10"¢
5 DOA (170.1) 84.1 DB18C6 (14.2) 14.1 48.5 107'~10"*
6 NPPE (350.8) 179.8 B15C5 ( 8.5) 2.55 483 1072~107°
7 NPOE (184.6) 846 B15C5 (14.0) 14.3 482 107'~107°
8 NPOE (181.4) 84.6 DB18C6 (14.0) 139 40.0 1071~107°
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Fig. 1. Effect of KTCIPB (mole% relative to the car-
rier concentration) on the potential responses for type
1-4 of TI*-ISEs. type 1 (@), type 2 (@), type 3 (O)
and type 4 (O0).
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Table 2. Selectivity coefficients (£ ,) for type 6, 7
and 8 of TI*-ISEs

, k') \ (separate solution method)

Electrode 6 Electrode 7 Electrode 8

Na* 32X107? 1.2X10°? 2.3X1072
K- 1.2X10°? 8.7X1073 59X107!
Ag* 2.72 3.1x107! 69Xx107!
Mg?* 20X1073 14X107° 1.8X107*
Ca®* 14X10°* 7.2X10°% 14%x10°¢
Sr2t 1.7X1073 22xX1073 2.8X10"*
Co?* 47%X1073 44X1075 2.6X107¢
Ni?* 62X10°5 6.6X10°5 2.2x107¢
Cu®* 16x107* 3.3x1075 19%10°4
Zn®* 15x10°* 28X107° 6.1xX10"°
Cd** 56X107% 28%107° 1.8X10°4
Pb?* 2.1x1073 56%X10°? 35x107?
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Fig. 2. Selectivity coefficients (logh’f ) for type 6,
7 and 8 of TI"-ISEs based on neutral carrier, B15C5
and DB18C6 and with lipophilic salts, KTCIBP.
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Table 3. Selectivity coefficients (#7,,) for type 1, 2, 3, 4 and 5 of TI*-ISEs

¥\ (separate solution method)

Electrode type

Na* Pp?* Cu?* Niz* Ca**

1 8.7X107! 14X10°? 86x107° 37x10°* 33x%10°3

2 1.0x107! 85X10°* 23X107* 12x10°* 19X10~*

3 76X1072 32x107* 1.3x1071 7.6X1075 1.3x107*

4 1.3X107! 1.1X1072 34Xx107 40x1073 20x1073

5 1.8 107! 59x1073 31x107* 26X107* 2.1X107*

Enr
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Fig. 3. Effect of KTCIPB (mole% relative to the car-
rier concentration) on the selectivity coefficients (log-
k7o) of TIT-ISEs. Na* (00), Pb?* (@), Cu** (&), N~
(O), C&** (a).
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Fig. 4. Effect of pH on the potential responses of
B15C5/NPOE membrane electrode (type 6) for diffe-
rent TINO; concentrations. HC1 and KOH used to
change the pH value.

THHA 9} o] 20] o] R 2AE Y hAE Aol |
Wi ola Alrjo]l&x} o} whsfo] o] A3 A
Puk-gof ols) Adefrde] AR} DB18CH= 112
9] =77} B15C5 B]3led TI* o] o Qgtw
717} vl=g Agtel Kt o] &el dizle] w]sgl
4L 7o 2 A A wEENr) 9les o
aitt.

B15C5/DOAA <] 4 KTCIPBe) Fx& #
3HAA AA7] 2t d3(electrode 1-4)9) TI* o)
Lol 3} o} ulsfo]&(Na®, Pb?*, Cu?*, Nit*
7 Cd?*)e] AdeASE Table 33} Fig 3o ¥t
2E o]2e] g & dshe] o] ddA4s+= DB
18C62} BI5C5 F B7= BFA of-g £4A4=2
A stedth Nat <Pb?t <Cu?t <NiZ*<Cd?*. =3t
KTCIPBS] 5= T4k 5= thg mole%
H}7} 50%9] =} HI(electrode oAl A=
71 & gE Bk

4 ez



778 SR - AR - PR - BLE - £W

9t 2o Aol A TI*-ISE2] AdeAl+= DOAA
o4 xc} NPPEL} NPOEAH <A Ze 3He B
=dl(Table 29} 3), ol o £oio F4dA47) <
o) ZEe Y se 3A 7|dshe oz B
oz},

Abagele] FepoldlEs a0l dia A
Fahgo] glgol ez gk A o] pH &
2 87 98k Electrode I(Table 1)ol 84
€ 107'M, 1072 M 2 1073M TINO,Z 3tx, HCIZ
KOH &4 pHE W3A# TI"-ISE) 784
& Fig. 4o} Adch 349 107'M TINO,ol A
b 9l pH<3ell 4 Wslgle] aby sl o} 1M}
3o pHellAe Zeleoel2e] ozt Hr7pubge
2 AR welans) gloem ¥4 oot &
A2 H* o]&2] wWaiavze F7islyct

4 £

1 AfAGE 9 2o TI*-ISE 2H¢Ade ¢
A @2 o wia AMoew vehihe FRHESAE
107 '~10"4 Ml 4 1071~10"° Me2 sAd=ga
71€7)+ 52mVellA 55mVE F7}steony wuhel
s =3 A e /44, KTCIPBY
F57} 50 mole%l A =t9) #AH 24-& el et

2. B15C52} DB18C6& FA-+uHAE dh= TI*-
ISEE +17} o) &oljA] vjwA F& HHAS BHy
+271e] ¢ FE o] HolFE o] s
Ae Ao Wl i gl 53 A94 S vepdich

3. PVC-9i A2t AFoijA] =t Sej &z T1IV-ISE
2899 WEAE 7&7)9) Aol AYS
Zo §4147E & NPPES} NOPEA 7} DOAA <
A Boh o 2 Addags 29

4. A=k 2o TIV-ISEE 4We pH F9e4 o
A 7FeAAE Jehglon ¢ pH 4(<3)
o e FA At Mg o2 HY o] Wl a3}r}

dsiet

£ dPdAMe 199295 28y 7 x3fesAdd
FH|(BSRI-92-305)¢] A {lell &Jsle} o]Eojm o
MR &Kol Ao Ho] ZAI=Puck,

28 2 8

1. (@) R. D. Amstrong, A. K. Covington, and G. P.
Evance, Anal. Chim. Acta, 103, 166 (1984); (b)
H. Freiser, “lon Electrode in Alalytical Chemis-
try”, Vol 2, p.291, Plenum Press, New York,
1980.

2. Z. Stefanac and W. Simon, Microchem. ], 12, 125
(1967).

3. C. J. Pedersen, | Am. Chem. Soc., 89, 7017 (1967).

4. (a) G. Eizenman, Anal. Chem., 40, 310 (1968); (b)
H. Lardy, Bio. and Art. Memb., 27, 1278 (1968).

5. (@) R. M. Izatt, R. L. Bruening, G. A. Clark, J.
D. Lamb, and J. J. Christensen, /. Membr. Sci,
28, 77 (1986); (b) Maeda, K. Kimura and T.
Shono, Fresenius Z. Anal. Chem., 298, 363 (1979).

6. A. Craggs, G. J. Moody, and J. D. R. Thomas,
J. Chem. Educ, 51, 541 (1974).

7. J. Koryta, “lon-Selective electrodes”, p. 64, Cam-
bridge University Press, Cambridge, 1975.

8. J. Kielland, /. Am. Chem. Soc, 59, 1675 (1937).

9. F. A. Cotton and F. R. Wilkinson, “Advanced Ino-
rganic Chemistry”, Fifth Edition, p.231, Wiley,
New York, 1988.

10. (a) H. Tamura, K. Kimura, and T. Shono, J. Elect-
roanal. Chem., 115, 115 (1980); (b) R. W. Briggs
and ]. F. Hinton, /. Magn. Reson., 33, 363 (1979).

11. C. ]J. Pedersen and H. K Frensdorff, Angew.
Chem., Int. Ed. Engl, 11, 16 (1972).

12. J. H. Boles and R. P. Buck, Anal. Chem., 45, 2057
(1973).

13. W. Simon, Anal. Lett, 7, 9 (1974).

Journal of the Korean Chemical Society



0| SRz EIntepy|ETHEciIEslel YT NHXIAU(E2DEXIC EHZ0l 2Ystof

Eld o t= R [nl )
of & 3 & 3 X
JKCSEZ 37(9) 779~852(1993) ISSN 1017-2548
H373, H9% 199314 9% 202
ol % =ogst
vlo] &4 ARGAAL vl YA v Mgt 3% HEE - &% - AEs 781
AIPO-5 R Al A 7t OH 252 HAe] dgt 72 E4 &7 : MNDO A
RN - FE - DRk 787
27| % 24
Tetramethylammonium Bromide& o] 4% ue}% &EAME ] A A2rlE 1 % W OB 793
ICP-MSell 93 QA& F9 Fv|F F452d9x &34 FhAER - AN - BBORTT - FRW 800
Cu(Dhexafluoroacetylacetonate 343552 #7|3tshx] Aa ERHE - B - HER 806
FEazviEadde fFeAdgEeiin dANEE RS o) 43 ol pEERd F
AFEFEETE 4 B - AR - ROIZL - BER - SR B FHIE 813
A 24 HDBPDA o|&m3hAllg A3 dzte]  GAETS 0|59 Fel9) 19 o]2msteEy
SHH - @88 - BBk - 2K(E - FRBE 820
71 A et
f71 853 gEo) 9 Cyanopyridines®] A ghul-g-of gt QA+
SR - BiEHE - L%k - FME— - FEE 826
Tripledecker &, (CpCo)(CR) Alkynes}o] ul-3-
BAEE - ook - W% - HEE - FNE - 00 - SHE - ol 832
N-3B|EEAg-oln] 4t o2H 28] §4 R - T - s B 837
o A
Bgo] =¥ AAY HAo Wi Sulfenamide f-TA9] 33F €BX - 252 - BIEK 845
((—)-Cinchonidine* H)CuCl, ] #333t 3 2713 dald] #3t 4+ BRE - &Kk - £EBH 849
%

X ® bt 2 #

MEEYA| 457 AeYE 571 358X



Journal of the Korean Chemical Society

JKCSEZ 37(9) 779~852(1993) ISSN 1017-2548

Vol. 37, No. 9 September 20, 1993

THEORETICAL AND PHYSICAL CHEMISTRY
The Effects of Mg?* on the Micelle Formation of Nonionic Surfactants
Oh-Yun Kwon, Jung-Sung Kim, and U-Hyon Paek
The Effects of the Structural Characteristics on Properties of Their Bridging OH Groups for
AIPO+-5 Molecular Sieve : MNDO Calculations
Man-Shick Son, Chong-Kwang Lee, and U-Hyon Paek

INORGANIC AND ANALYTICAL CHEMISTRY
Liquid Chromatography of Aromatic Sulfonic Acids by Tetramethylammonium Bromide
Hae-Beom Oh
Determination of Trace Metals in Biological Samples by Inductively Coupled Plasma Mass
Spectrometry
Chang-Joon Park, Sang-Ho Lee, Koo-Soon Chung, and Kwang-Woo Lee
Electrochemical Properties of Cu(Dhexafluoroacetylacetonate
Yong-Kook Choi, Byeong-Goo Jeong, and Hyun-Kook Shin
Determination of the Trace Elements in UQ, Powder by ICP-AES Directly Coupled with
Extraction Chromatography
Kwang-Soon Choi, Chang-Heon Lee, Hyung-Yeal Pyo, Sun-Ho Han, Moo-Yul Suh,
Tae-Yoon Eom, and Gae-Ho Lee
Separation of Alkali and Alkaline Earth Metal Ions using Novel HDBPDA Ion Exchanger and
Its Ion Exchange Characteristics
Dong Won Kim, Chang Suk Kim, Ki Young Choi, Young Shin Jeon, and Yeo Hag Yoon

ORGANIC AND BIOLOGICAL CHEMISTRY
Substitution Reactions of Cyanopyridines with Organometallics
Jung Gyun Kim, Dong-Sik Yu, Sung-Hwan Moon, Jin 11 Park, and Won-Woo Park
The Reaction of the Tripledecker Complexes, (CpCo),(C4R;) and Alkynes
Jae-Kook Uhm, Won-Sik Lee, Seog-Bong Kim, Jin-Soon Cha, Hyung-Soo Lee, Dong-Ho Lee,
Hong-Seok Kim, and Sang-Chul Sim
Synthesis of N-Hydroxy-a-Amino Acid Esters
Min Hyo Seo, Han Cheol Wang, Youn Young Lee, and Yang Mo Goo

NOTE
The Effect of Sulfenamide Derivatives on the Corrosion of Brass Plated Steel Core
II-Kwang Kim, Hae-Jin Kim, and Keun-Ho Jung
Spectroscopic and Magnetic Properties of ((—)-Cinchonidine-H;)CuCl,
Chan-Kyoo Jeong, Young-Inn Kim, and Sung-Nak Choi

781

787

783

806

813

820

826

832

837

845

849

Published by

THE KOREAN CHEMICAL SOCIETY
35, 5-Ka, Anam-Dong, Sungbuk-Ku, Seoul 136-075, Korea



