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Abstract : Lead (II) ion selective poly(aniline) solid contact electrode based on
Tetramethylthiuram monosulfide ionophore as a sulfur containing sensing material is successfully
developed. The electrode exhibits good linear response of 25.6 mV / decade (at 20 + 0.2C, r2 =
0.995) within the concentration range of 1.0 X 10—1 ~ 4.0 X 10—7 M Pb (II). The composition
of this electrode was Ionophore : PVC : dioctylphthalate : potassiumtetrakis(4—chlorophenyl)borate
> Oleic acid = 5.0 : 20.0 : 25.0 : 4.0 : 5.0. When we consider the results of using different
composition electrodes based on only one potassiumtetrakis(4—chlorophenyl)borate or Oleic acid
liphophlic additive, poly(aniline) solid contact electrode based on Tetramethylthiuram monosulfide
ionophore with potassiumtetrakis(4—chlorophenyl)borate and Oleic acid liphophlic additive had the
best result in response characteristics. The electrode shows good selectivity for lead (II) ion in
comparison with alkali, alkaline earth, transition and heavy metal ions. This electrode is suitable
for use with aqueous solutions of pH 3.0 ~ 7.0 and their standard deviation in the measured emf
differences was = 2.94 mV at Tris buffered lead sample solution of 1.0 X 10—2 M and * 2.82
mV at Tris buffered lead sample solution of 1.0 X 10—3 M. Their stabilization time was less than
710 s. and response time was less than 16 s.
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2.1. Alef 9 7]7]
Tetramethylthiuram monosulfide (TMTMS),

(bis(2—ethylhexyl)adipate (DOA),
bis(2—ethylhexyl) sebacate (DOS),
2—nitrophenyloctyl ether (NPOE),

tris(2—ethylhexyl) phosphate (TEHP), Dibutyl
phthalate (DBP), Dioctyl phthalate (DOP),
potassiumtetrakis(4—chlorophenyl) borate
(KTpCIPB), Oleic acid (OA), Lead Nitrate,
Tris(hydroxymethyl)aminomethane (Tris)
Tetrahydrofurane (THF) 52 AdrichAF¢] Al <F
< AHESIGIT ol fjell AEel AgH AlkES
BF BAFY AlokS AHEEla, W AES F
sto] gol2E At A5 Ao 54
GPH—-411-100 A]2=¥! (Gawin Int. Inc.)®} Ion
analyzer (Thermo Scientific Orion 3—Star Plus
pH Meter, Orion Ltd. U.S.A)E AHg3lo] 54

aF3it.

2.2. A=A Poly(aniline) &9 A%

A& 1 mm, 4°] 50 mm9] W3 FH54S &
o] A=Fo 2 X439, Poly(aniline)] 77
3}8h4 gHd ol ARk 8- aniline 0.03 M &
Mzt 0.06 M HCl &L o] gskalrh. AR&-3h
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AL 71w A=l diste] 0.0 VellA 1.0 V7h
2] W& 100 mV/se FAF 52 50 3] &%
AFHOZ Poly(aniline) %S W 714 gdl A
Zapgleh. oAl AxF 24 A=& 2 M HC
Sdol] 242k 1 AIZF FAEF 40 T 924 4
A Zr ot Azttt

2.3. PVC &% &9 Az

PVC &3} 892 ionophore, A A A, 7}4A,
A AZAS THE &0 Ho] Az
t}. XA AE PVCE Agsigon 7laAsE
DOA, DOP, DBP, DOS, TEHP, NPOEZ A&
s AAWA F7FAE KTpCIPBLF OAS A}
g3l o wE ARES THF 5 mLel &33}

o] Azttt

2.4. 3A AFH AT Az

HAEA poly(aniline)e] &&E 3 7K
Pt/poly(aniline) 452 PVC &3 &9 Zof H|=
= A A7 Pt—poly(aniline) —PVCe] A Fo2
Al zaqlth Ho] PFAE 5250 £1 C 2
oA 24 A AZ3e] THFE ¢4 3A71
% @ds] AxEWE d59 shte g 3 m
E A UH A AHE HEZE HolZa
o] zhol A|z=3}Slrh.

2.5. pH &% &N Az

pH €& €92 0.01 M Tris &4 &l
°2 HClY NaOHE ©]§3te] pH 244 pH
137h4] Z248kHA oF 12 T pH &0 A

=S

2.6. tg3} Azte] 54

Azs AL pH 5.5 Tris &% £AA
EDS A =®lS o]&3le] A= obAsle] Fa 3k
AIZS =48k 1 A7 BoF Wslels 29

g Zgsgom 349 A9 et BEa

=}
J—

W elahm Wahs Algke] 1 ¥ o] A%
we] A7k QPgal Azke.s Sstslh Aol
olg® HFTE AT HAH AT o F
3 gololA QPgEke Fol HE HPelA Z
st

2.7. BxgN e o] &M Az
0.1 M Tris &¢] HCI# NaOH &4 o]
43le] pH7} 5.57F HEF e v, o] & 3

Tetramethylthiuram monosulfideZ ionophore 2 ©]&-8 ¥} o] & M&A poly(aniline) 2A 4% A= 3

A3t 0.01 M Tris &% |98 Ax3 o
o2 mgdo=z 10 x 10—-1 M Ph(N0O3)2 &
MG A Z3 & o]= 0.01 M Tris £HS 7 &
dog thAl A& 1.0 X 10—-1 M¥F¥E 1.0
X 10—=7 M7HA] Al zxsH3A T

3. 243 4 uz

Tetramethylthiuram monosulfideE ionophore
2 ol&g aAl HF AFE 7haAS AL
HZ 24 MIA7|EA Azl d59
PVC cocktail &M A3} o] A=FE0] e
= 28 715718 78 W9 E Table 190 YERY
Atk JAHeR B o IAEAH HIHAE
KTpCIPBY OAWHS whz ARE3lS o) By} &
7HAE E3sle W 78 7€ 78 W
TEoA Z718le AxES YERAL

Fig. 1o Ax¥ A5 FollA o ool tist
o 71 e 28 71E719 78 58S vE
Ul 249 SCEse] 7+ 71719 78 ®9l,
ionophore®] T+ZE=< YT} o] 7FgZe
ZXo] TMTMS : PVC : DOP : KTPCIPB :
OA9] H]&©°] 5.0 :20.0 : 25.0 : 4.0 : 5.00]%]
=, 7 S S 712719 1 HAE
Yelgglom 7taAdls oE 7HAAE Bk DOP
oA 53] ¢ A¥E YERAY. 78 W4
= 1.0 X 10—1 ~ 4.0 X 10-7 Me]len o
o] 7+% 7187 25.6 mV/decadetl. o)1=
o] el = 78 F Aol A 2] relation coefficient
2 09952 YERRTE 22 DOP 7HAAE 7h
AW KTpCIPBY OATre] H7kd A=e] 26
71€7] (42 195 mV/decade, 25.0
mV/decade) ¢} 7H& HY (47 ~ 1.3 X 10-3
M, ~ 1.0 X 10-2 M)ellA F3& Jepg= A
Q]9 & relation coefficient (Z+Z} 0.979, 0.988)
ANME &4E AAE Hola oA £3F 1A
WA A AbRol o] AN e
T Egd T AR B
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Table 1. The composition of PVC cocktail solution and their response characteristics

TMTMS PVC DBP DOP TEHP NPOE DOA DOS KTpCIPB OA R.S. D.R.
5.0 20.0 25.0 10.0 20.1 3.8
5.0 20.0 25.0 10.0 195 29
5.0 20.0 25.0 10.0 20.1 4.8
5.0 20.0 25.0 10.0 159 22
5.0 20.0 25.0 10.0 17.5 4.8
5.0 20.0 25.0 10.0 169 3.8
5.0 20.0 25.0 4.0 20.1 43
5.0 20.0 25.0 4.0 25.0 42
5.0 20.0 25.0 4.0 224 55
5.0 20.0 25.0 4.0 183 34
5.0 20.0 25.0 4.0 17.6 4.3
5.0 20.0 25.0 4.0 20.1 3.7
5.0 20.0 250 4.0 50 248 6.0
5.0 20.0 25.0 4.0 50 256 64
5.0 20.0 25.0 4.0 50 228 5.5
5.0 20.0 25.0 4.0 50 246 6.0
5.0 20.0 25.0 4.0 5.0 204 48
5.0 20.0 25.0 4.0 50 242 63
2o F=7F & ol EAE wol i o2}
: TMTMS:PVC:DOP:KTpCIPB:OA=5.0:20.0:25.0:4.0:5.0 Hleh Ao E UERAL gl o] A
RS L e M KTpCIPBY OA%o] @502 H7he 459l
1 RS 0000 e ol o] EvbuTt 34 S1H AnE el
% : LH:J_" }V\)\)\T;}-
5
J 04 o
N_/
] N 1.0x10%M 7 "
7% 5 4 5T 34 Cu*— G
Activity of Pb?* ion / [1.0 x 10" M] s 29
< & zn*
Fig. 1. The response characteristics of SCEs %3“ Bz'_ng
based on TMTMS ionophore in Tris v ey:Na*NH‘
buffered lead solution and structure of 44 Mg™ Ca® K'— ‘
TMTMS ionophore —Cd"
o " Interference Cation '
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Fig. 2. Selectivity coefficient of SCEs based
on TMTMS ionophore
cation solution

in various
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Fig. 3. pH stabilization range of SCEs based
on TMTMS ionophore in Tris
buffered pH solution
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Fig. 4. Stabilization time of SCEs based on
TMTMS ionophore in Tris buffered
1.0 X 107 M lead ion solution
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Tetramethylthiuram monosulfideZ ionophore 2 ©]&-8 ¥} o] & M&A poly(aniline) 2A A% A= 5

Foll oF 16 = AJ=3lv (Fig. 5). ol=°] Weh
T AEAELE 1.0 X 10-2 MelA 2.94 mVe}
1.0 X 10-3 M &9 + 2.82 mVE YER
=T o] Al whE ZHg A} 2 Aol
Uehlle A#2 ®th Fig. 69 0.01 M
Na2CrO4 &5 ©]83to] 15.0 mLe] °f 0.01
M 24 e $9E A4 W 548 YER
ok ARE-E o] AldkEl F¥)= 14.10 mL= 9.4 X
10-3 M &om Ak glon &of el Abe}
A= g ol AFe] Aoshs ARE =

ATt

flow

EMF/[mV]
S

% 0 B0 10 20 210 20 280
Time /[s]
Fig. 5. Response time of SCEs based on
TMTMS ionophore when 5 mL of
1.0 X 107 M Pb(NOs), solution is
injected into Tris buffered 1.0 X
1073 M lead solution

1410 mL

EMF/[mV]
.

T T

0 1b 2‘0 30 40 50
Vol. of 0.01 MNa,CrO, / [mL]

Fig. 6. Potentiometric titration curve
Pb(NOj3); solution with Na,CrO,
solution wusing SCEs based on
TMTMS as an indicator electrode
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