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Cesium Ion Selective Solid Contact Electrodes Based on Calix[6]arene
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Cesium ion selective solid contact electrodes have been fabricated from Pt substrate and poly(aniline) elec-
tro-conductive layer and PVC matrix, Calix[6]arene as ionophore, KTpCIPB as lipophilic additive and DBS
as plasticizer. The limited response range of this electrode was 10-6.24 M of cesium ion in sample solution
with a mean Nernstian slope of 53.14 mV/decade between pH 5.4 and 10.3. The stabilization time was 2.7 hrs.
with the response time of 109 sec. The selectivity coefficients for monovalent cations were determined. Espe-
cially when the electrodes were directly applied to the artificial human serum, we could get the satistying
results. Lifetimes of at least 3 months were estimated.
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Aniline (C;H;NH,, 99.5%), bis(2-ethylhexyltetrakis
(4-chlorophenyl)borate(KTpCIPB, 98%), bis(2-
ethyhexyl) adipate(DOA, 99%), sodium hydroxide
(NaOH, 99.998%), 2-nitrophenyloctylether (NPOE, 99
%), tetrahydrofuran(THE 99.9%), Trs(hydroxymethyl)
aminomethane(Trs, 99.9%)= AldrichA}e] AJekS A}
4392, Cs ionophore I(calix[6]arene hexaacetic
acid hexaacetyl ester)e Flukarle] AJeFS- AL8-31%1
o}, o] Qo Aol ARE A|EL BT BAFe] Al
oS ARSI A AYS Fole] gol2TE AN
of AAskirt.

A ALle]l &4 EDS A|2H 3} Ion analyzer
(model 235, Mettler-Toledo Ltd. England)s ARE-5}
o] 243190 Mettler-Tolede Inrab 413 §&] W3z
Double-juncion ZZ% = Orion 90-20-00(Orion
Research. US.A)S 19 48 dF0= AM83I99th
<=3l A AF 28-S BipotentiostatEG & G
model 362)2} XY recorder(EG & G RE0150)Z ©]
L3t

2.2. PVC £ 89| M=

o2 AA|A|, A FH7HA, 7EHeA,
TN E THF &ol o] Axsiglth. AAA =
= PVCEES ARgsllem A 7= KTpClPB
£ ARg3IdT) 712AlE= DOA, DOS, NPOE, DBS,
DOPE AR&stlem vl 7H4] AiEse] 3T+
0.2711 gol2dt}. o] =2 THF 5 mLol| 83ist &
3 mLe| THFE A1 3dste] #HE1 PVC layer
2 o]&3T). Agl o]&3 T4 W= calix-[6]-
arene hexaacetic acid hexaacetyl ester S ARE-3}
om AxA FEH Fo] Ax E A HF A5
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A=) 7+ AR & WA el A9 2k 25
+0.2°Col|A] ITon analyzerE ©|-83fo] =431 th A&
gooxe] A9 =4S Mettler-Toledo Inrab 413
g A= o83t S A9 FHLE Hd=F9
QFgs} o]Fe] WislE= A7 0.2 mV olake] A
7F I o) Al&shd ad 7He AR it

A= A= 63

K

24. 213 o LHollMel Cs* ion S AE

°olF daAe 20 mM CaCl,/0.8 mM MgCly/4.5
mM KCl0.05 mM NH,Cl/4.7 mM glucose/2.5 mM
Urea®] 4 &S Z=s Axsidleon, o] ¢y &
NG 7 goz 3l CsCle AME-3led, Cs iongl &
TE 107 Mol 10° Mz W3 7|ax =5t
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Poly(aniline)# poly(pyrrole)S =34 SEZo=
AREshs S AlxskaL, o7]d] st FAHIR o]
Fo}r &3} gl (cocktail solution)e HEZo = T4
Az 83t
Ionophore= calix[6]arene hexaacetic acid hexaacetyl
ester® ARSI 2™ o] ionophoreE ©]&3F AL
A3l 107 MelMAEE 107 M7ERle] Cst ool

o] it 483 Ssksic,

3to] cesium ion selective SCEsE

= =
9] v&-S Wszen e 718719 e HelE
sl AHIE HA ST £ 8o &3 M
£0] cesium 4 ¥ 0.001 gt JAA FH7HA)
¢l KTpCIPB 0.001g, 7F&#] 0.18g, PVC 0.09 g&
A7reds W 7P s ASE YERAIT Table
1ol Yepd ZAE, o]t 2L 71 HF FollA,
poly(aniline) 75 7k H=9] 75, 7HAAR
DOA®} DBSE AH&-sF A9 7+8 718719 6 ®
A7F 7 9781 DOA 712A1E ARS-E A5 199
739 51.62 mV/decade®] 7+$ 712719} 107538 M<)
F2 W92 JEeRHL DBS 7HRAIE ARES A 29
7% 53.14 mV/decade®] 7+$ 71&71¢ 10624
Mo 7+& #9912 YeRaL Ut} Poly(pyrrole) 7+
R A=e] A5, 72 NPOESF DOPE At
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S =
83 A9 4 19719 g Wt 1 St
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e DOP 7H&AlE ARESE = 1119 3%
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Table 1. Response characteristics of SCEs with various

d:/‘\j7g.

composition in PVC layer.

1 2 3 4 5 6 7 8 9 10 11 12 13 14
Tonophore 0.00lg  0.00lg 0.00lg 000lg 000lg 000lg 0.00lg 0.00lg 0.00lg 0.00lg 000lg 000lg 0.00lg  0.00lg
DOA 0.18g 0 0 0 0 0 0 0.18¢ 0 0 0 0 0 0
DBS 0 0.18¢ 0 0 0 0 0 0 0.18¢ 0 0 0 0 0
DBP 0 0 0.18¢ 0 0 0 0 0 0 0.18¢ 0 0 0 0
DOP 0 0 0 0.18¢ 0 0 0 0 0 0 0.18¢ 0 0 0
DOS 0 0 0 0 0.18¢ 0 0 0 0 0 0 0.18g 0 0
NPOE 0 0 0 0 0 018 0.18¢ 0 0 0 0 0 018z  0.18¢
PVC 009z 009z  009g 009 009 009 009 009 009 009 009 009 009  0.09
KTpCIPB 0.0001g 0.0001¢ 0.0001g 0.000lg 0.000lg 0.000lg 0.0025g 0.0001g 0.000lg 0.0001g 0.000lg 0.000lg 0.0001g 0.0025¢
THF 5mL 5mL 5mL 5mL 5mL 5mL 5mL 5mL 5mL 5mL 5mL 5mL 5mL 5mL
Electroconductive Poly Poly Poly Poly Poly Poly Poly poly poly poly poly poly poly poly
layer aniline aniline aniline aniline aniline aniline aniline  pyrrole pyrrole  pyrrole  pyrrole  pyrrole  pyrrole  pyrrole
Slope (mV/decade) 5162 5314 4967 5419 5409 5242 3721  23.07 35 4502 5310 3343 4919 4345
Limit range(10xM) 638  -624  -607  -597 602 594 628 511 628 566 592 503 602 633
Table 2. The response characteristics of SCEs based on 7
Cs ionophore in Tris buffered CsCl solution with T
0.13M interference cation background (where, 7
Rb* is 1x 107 M). 7
poly(aniline) poly(pyrrole) _
DOA DBS NPOE DOP 1
i=Li*  5.04 5.18 5.88 5.51 = ]
JogKCs.i j=Na*  4.08 4.29 461 5.46 E
ERAMSI KT 206 254 290 197 o ——
i=Rb* 151 175 165 185 = am
g 235 Table 20 YER|SITE Poly(aniline)d = ]
2 poly(pyrrole)d=e] F 7% EFoA Lit o]9] 7
3 89 SoE Cs* ol 73k Sol 1) ) e
G ot 1 =9 ol 2 WHdsSE, 5 ol 7] . — . . . .
7t Z7105E 1 e ool TgE 9 Wolre] oo
Cs* ol gl Zolde & & AT 53, Rb* oalCe
. . + .
oleo] AL 1 w7} 7 A Qo= g Fig. 1. The response characteristics of Cs ion sqlectlve
] j o_z g7t l_o ale L}E]—Ek_ d SCEs in CsCl sample solution with different
OJAL Cs* o] Rb* o< A7|7} H|Ssl|A] electro-conductive polymer. - @- poly(pyrrole) (4
ionophoreol] P|X&= ¢8Fo] H|$El7] WFEO 2 ALEH I%lgcst)rode—DOP) -M- poly(aniline) (2 electrode-
t}. Poly(aniline) A= DBS 712415 ARES 29 '
Z=o] DOAE AREg TH H=HT} U] o] BFollA
9 953 492 Yepa 9lom, poly(pyrrole) A= 71 AFE 10° M CsCl+ pH Tris 7.001-89)
o= DOPE AHgdt 119 W5o] NPOES 7KAIZ A4 ¥, 20 F98 242 A4k of A%
AR 130 AFRT O $5E ARES VeI @Ase) A F A9 A3 gshl of 271K
ATk Fg. 1904 F =4350] el 294E5S vl o A9 Hert A9 glo] 23 02 mV ol3t=
ol ww 29 AT 11 IS Wsd e B slEE Anh dea k. aad $ele e
E UL AT 28 718719k 25 W9 2 A5 Al AFE 10 M CsCl &9 WlollM 347 &5
o] P8l RE WelA poly(aniline) =] poly  ¢F QFEsE ARl F H9E SsIrkFg. 2). A=
(pyrrole) MR} 98 A3 Holx glo] 2 H 9 7S & HFo] 10° M CsCl €9 50 mLell
& olgsle] A APS staal sisich ¢Fgst 107 M CsCl §4 50 mLE #7kek &, A7t o4
AR¥e poly(anilineyd o] AxHIR F, 9 AxA]  He A7 e Fadth 47 e pH
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Fig. 2. The stabilization time of Cs® ion selective
poly(aniline) SCEs in 10° M CsCl solution (2

electrode).
109 sec.
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Fig. 3. The response time of Cs* ion selective
poly(aniline) SCEs when 50 mL 107" M CsCl
solution injection into 10 M CsCl -7.001 pH Tris
buffered sample solution.
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Fig. 4. Stabilization range of Cs* selective poly(aniline) 2
electrode SCEs in pH buffer 10 M Tris solution
with 10 M CsCL
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Fig. 5. The response characteristics of poly(aniline) (elec-
trode 2) SCEs in Tris buffered CsCl solution -H-,
and artificial serum -@-.
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Poly(aniline)=} poly(pyrroleys Al Ax F7r
Z07 0|83 Cesium ion selective Solid Contact
ElectrodesE #|Z339t}. IonophoreZ+ calix[6]arene
< olgalgion 7paA== DBS, DOP DOA, DOS,
NPOE, DBP £& A3tk %7F52 poly(aniline)
S ARSSEAL 7ERAlZE DBSE ARESE AFo] 435k
A7E veplio] 78 71€7]= 53.14 mV/decade
2 Vet Z$3HE 10524 M Holw gt o]
A5 HEFQ PVC 59 7#4HE 0001 g
ionophore : 0.18 g DBS : 0.09 g PVC : 0.0001
g KTpCIPB it} A=9] SPgshAZke oF 2.7 hr 4
Eom, 109 sec. Woll A=e] 7Heo] ¢EF U
A8 &He] pHoll gt oF HeE =4
54014 pH 103 ®Helollx LGT AQE
Ao "HE| o] 52| AFelA HlwA 2
QW QA9 =717} ¥|s3k Rbt R Z2eE We)] At
7Vl Ag BRI F UAATRbT > K >Na* >
Lif). & o] A5 A3 2% el 5750 mV/
decade®] ¢Fg3t 78712715 Holn, 104 Me] 7+
< AE Hola o] Y Yollxe] Cs* ion &
AAo] T A0RE o ifdr.
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