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Mercury Ion Selective Solid Contact Electrode Based on
1,2-bis(/NV,N’-benzylthioureido)benzene Ionophore
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Mercury (II) ion selective poly(aniline) solid contact electrode based on 1,2-bis(V, N -benzylthioureido)ben-
zene ionophore as two sulfurs containing sensing material is successfully developed. The electrode exhibits
good linear response of 29.8 mV / decade (at 20£0.2°C, 1”=0.9954) within the concentration range of 1x102?
~1x10%% M Hg (II). The composition of this electrode was 2BTB 2.5 : polyvinylchloride 16.5 : 2-nitrophe-
nyloctyl ether 30.5 : potassiumtetrakis(4-chlorophenyl)borate 2.0. The electrode shows good selectivity for mer-
cury (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
#1.21 mV at mercury nitrate sample solution of 1.0x102 M and 1.0x107 M, respectively. Their stabilization
time was less than 72's. and response time was less than 50 s.

Key words: Hg, Hg electrode, Ion selective electrode (ISE)
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o o]l2¥ AAE A HE FO=E o|FAIIIV] T
sl7]ol| poly(anilineys A& ste] Pt 7143} S/3 294
7t 23 IEAE Afole] $EFoE ARgsie] A
HZ A=(Solid Contact Electrodes/SCEs)S A|%3s}
of 8 Yo 2 T=E sl s 2
o tigh AMeld A HEF H= ol A=A ionophore
Z2 & 1,2-bis(V,N'-benzylthioureido)benzene (2-BTB)
< A ARSI ASol AMEE ThAaAl=
DOA, DOB DBP, TEHE, DOS, NPOEE AF&35191S
™, ARSE 7HeA] Wstol] ot 7RE Alke] A 9 &=
A R3], gt Wl ol2E Folxe] e, pH &
A ellAle] by, 2/ 78 AIZE 9 s} ARk
o & AE Ao, A5 oA & Yo

T

o
N

1

FL ol FEE AT F AEE AFSk] ol o
3 AL 7sAS E=olAt FiTh

2.4

o

2.1 AloF & 717

Aniline(CgH;NH, 99.5%)2 SPCAI2] A|oke AMg-3}
o™ his(2-ethylhexyl) adipate (DOA 99%), bis(2-
ethylhexyl) sebacate (DOS 90%), dioctyl phthalate
(DOP), Potassium tetrakis(4-chlorophenyl) borate
(KTpCIPB, 98%), Oleic acid (OA 99%) 2-nitrophe-
nyloctyl ether (NPOE 99%), tris(2-ethylhexyl) phos-
phate (TEHP 97%), Dibutyl phthalate (DBP 99%),
Tris[hydroxymethyl] aminomethane (Tris 99%)= Al-
dirichr}e] AJek2- ARE-3199tt. Mercury Nitrate Mono-
hydrate (98%)= DAEJUNGAFS] AloRS ARE-319) 0™
polyvinylchloride (PVC, n = 1100)¢} 1.2-diaminoben-
zene (95%) junseirte] AleFS ARE3FATE. Ammo-
noum thiocyanate (99.5%)= DSPAFS] AJekg AL&-5)
o™ Benzoyl chloride (98%)= JIN ChemicalA}2]
AlokS ARSI ol9]oll Aol AMEE AloFES B
T AT Aok ARG A RS ot &
o5 ARgste APk A= H9e F4L
GPH-411-100 A]2=%] (Gawon Int. Inc.)?} Ion analy-
zer (Thermo Scientific Orion 3-Star Plus pH Me-
ter, Orion Ltd. US.A)S A3l A&t

2.2. 1,2-bis(N,N'-benzylthioureido)benzene (2-
BTB)2| M=

25mmol (1.903 g) Ammonium thiocyanateE 25 mL
acetone®l] &3t 89S refluxing?]7]HA] 25 mmol
(3.514 g) Benzoyl chlorideE 13 mL acetoned] £3f
gk goS g e At ¢ A7E Bl
27 5 B rrgsilen o2 WAAIZ T A
2o o] flo] 125mmol (1.351g) 1,2-diamino-
benzeneS 5mL Acetonedl] &A1 BE AFLo)A
gk W2 ArislHA 2X]7F B9t wHkERAT). REg]
KA 27 SF5 600 mLoll 73eA A7
A sl dRES APAIAT o] FA2 50mL
271 gol2rR 38 MEHS T filteringdtl e

@(n s, A,

Fig. 1. Scheme of 1,2bis(NV,N'-benzylthioureodo)benzene.



1,2-bis(V,N -benzylthioureido)benzeneS ionophoreZ o83+ 4~& o2 Melx] A

Methanol : Chloroform (1:1) €& o]g3le] 2AZAA
A7l & oA 338 MAEA AFES 2447 B9
vacuum dry ovendll AZAIA TS H=5I9

2.3. M=M poly(aniline)52| M=

A5 1mm, Z°] 50mme] Pt 2548 Bx A=53
2] A2 AREIAL 71E A5 X3t A=A
=2 Orion 90-20-00 (Orion Research. US.A) A&
st3Att. poly(aniline)®] 7] s}e}4 /ol ARE-3F &
M2 aniline 0.03M3} 006 M HCIS |83t
Polymerization® EG & G Potentiostat 273 AZ ©]
gslom ARggk Hele 71 A=l distke] 0.0 Vel
A LOVZEA] WIS ©] &3l 100 mV/se] FAF &
£ ol&sIGith A7kl wet FAEE s s
27 1mm Pt M52 ¥t 15 mm FAZ &
ZE e s 1087 =2 AFHeE F2 Foll 1.0 Vel
HEA) oA AxS 2 A=2 2M HCl £
Al 2AZE oY fRAIgE &, dolpell 5A7F Bt 7

sl AzsAT,

bt

&

24. PVC E& 89| N=

& AAA, FAAE A7, 7EeA,
S/32WAE THF &40 &3 Alzsidict. AAA=
PVCE AHg3l9ler XA #H7kAl= KTpCIPB,
OAE A3l 714Al= DOA, DOR DBE DOS,
TEHE, NPOEE ARE-sl3Ath. PVC &% 892 Table
1o Vet 7 v&2 2431992™ ionophore 25 :
PVC 16.5 : plasticizer 30.5 : KTpCIPB 1.5~2.0 or
OA 0~05 H&= A3 ©]Z21& THF 5mLel &
algk § A4 = Ael7bH 3mL THFE A1 3
A 7T

o

2.5. SCEs9| M=

SCEs= 22 =71 slolA] INE Alxsiait. =34
poly(aniline)°] 328 37] Pt/poly(aniline)d=S PVC
&3 g9 2o g0} Pt-poly(aniline)-PVCe] A =

H U 5l o2 SYeo| M=
T ET WL go|259 Tiis 0.01 M} Hydro-
chloric acidE ©]-&3le] #|%3l pH 555 H-&AS A}
2319tk 102 MelAl 107 M7 Alzstom vl

o

G} 59

o] Al F& BFE &Y 22 RS o] §afo
Zn(NOy), Cd(NO3), Co(NO), Ca(NOs),, Fe(NO,);
NaNO;, Mg(NO5),, BaNO,),, KNO;, NH,NO; 5]
&AL 107~10° M7HA] Alzsiiom e Ads
separated interference methodZ ©)&-3te] =43}t
o] SSMe] Al%te 1ogKP 'y = (B —Ep) /S + (1 +
2,/ 2y) x log a2 W E Nicosky H7g4S o] &3lSth

where, E, is the potential measured in 1.0 x 103
M mercury, E, the potential measured in 1.0 x 10
M of the interfering compound, z; and z, are the
charges of the mercury and interfering species, S
is slope of the electrode calibration plot.

=}

3.8 & 3

Kl

S 1,2-bis(V,N-benzylthioureido)benzene S ion-
ophore (2-BTB)Z ©]&3 4] H&E AZFL 71aA9}
AAGAAERE 249 HA Az A
PVC cocktail 89| 243} 78 71871, 7+& W=
Table 13} 7t}

Fig. 20 Axg A FollA & o]l tiste] 7t
|

:

KTPCIPB] H|&©] 2.5 : 165 : 305 : 2.0013S
7P 9 28 71719 S HEE UERIRle
7¥2AE o-NPOEOIA 53] 93k A4S Uehlth
78 W9E 1.0x1029~1.0x10%° M2] HlolM 73
som olme] 7+2 7]187]E= 29.8 mV/decadeit}.
olEo] Yel= 7H& AXex el aAIE 09954
Uehon] T /HAAE ASEE Hur R o]
TR.S. : 29.8 mV/decade
DL.:1x10°M~1x10°M

7 :0.9954
]2BTB: PVC: NPOE : KTpCIPB = 2.5 : 16.5: 30,57 2.

20 mV

EMF/[mV]

N 1.0x10°°M
. : . . .
7 6 5 4 3 2

Activity of Mercury / [1.0 x 10™]

Fig. 2. The response characteristics of SCE based on
2BTB ionophore in Tris beffered mercury solution.



60 el

Table 1. The composition of PVC cocktail solution

- 0 - o]

RS. D.R.
2BTB PVC DBP DOP TEHP NPOE DOA DOS KTpCIPB OA THF (mV/decade) (1.0x10™ M)
1 25 165 305 2 5 19.9 2.0~4.8
2 25 165 30.5 2 5 16.5 2.0~3.0
3 25 165 30.5 2 5 18.4 2.0~5.5
4 25 165 30.5 2 5 29.8 2.0~6.0
5 25 165 30.5 2 5 253 2.0~4.8
6 25 165 30.5 2 5 24.2 2.0~4.2
7 25 165 305 1.5 0.5 5 28.9 2.0~4.5
8 25 165 30.5 1.5 0.5 5 23.9 2.0~3.8
9 25 165 30.5 1.5 0.5 5 294 2.0~5.0
10 25 165 30.5 1.5 0.5 5 19.9 2.0~4.8
11 25 165 30.5 1.5 0.5 5 28.9 2.0~4.8
12 25 165 30.5 1.5 0.5 5 14.8 2.0~4.0

o] 7oA AY e A3 YERSITH

Fig. 30l ©] A=o] Yehll= d=e] Wl o] a3
o thale] JehHAL). o152 AxE HH PRt o]
oA ok WelE Wl e Flo= Helt) S|yt o]
E& & o2 EA slollA 100 oo s&Tt &
A o W E o)F F e A= Y] o]
EoME & WallE Holx] & itk Ba?t o]
749 & ol2xT} oF 100v] o)/de] & o] EA)
g o B=gk 7R85 YERH, sodium ]+, ammo-
nium ©]-, cadmium ©]- 258 <F 10008 o]’do] &)
g o R o]2E52 FEETh oF 10,0008 ©)/d<]
Exrb & Yol EAE o 72 o] Hs=g 78

¢

E2 Ushlold Had e welE v Row 2
% gie.
pHol it eF84e Fig. 4] eRRIsol pH 30

~70 Alolol pHel Wsje] T A 718 5
& Uehlle] o] lolrle pH/t WsksiEleh: e of
20) g P 24T + 9 2o ek

o,

0.0 — Hg
05
10
—_ Pb2+
15
=
20
& 5] — B
g
T 30
Na’
351 , — NH,'Cd”
404 Co™* Mg” — Ca” K’
Zn2+ Cu2+ F ea+

45 T T

T T T
Interference Cation

Fig. 3. Selectivity coefficient of SCE in various cation
solution.
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sk 78 Z9]e] Wsls Uepdth Fig. 50l Holx
o] Zgoll= 78 AS7F FA FUIeen 30 oF
FEE e A7t AA18] fhaste] 72% o]9e FY
Tk AR T 78 AR A=l <F
Asld $o] 7Hg Al OF 50 A= oM, o]E9]
el 8L 1.0x10% M3} 1.0x10° M &0l 4]
BT 4121 mVE YeERAITH

Fig. 691 0.01M EDTA £9%& o]&3 25.0mLe)
AA 22 golo A e] Titration ¥3F F41S VERIRL
o} ARgHo] AxtE BulE 2515 mLE 9.94x10° M

o,
3,
o
it
T
)
i
32

1 pH'3.0 .

pH7.0

1 N
50 mV \

EMF/[mV]

pH

Fig. 4. pH stabilization range of SCE in tris beffered
sample solution.



1,2-bis(V,N -benzylthioureido)benzeneS- ionophore®. ©|83F =& o]& XMelx] 774 H=

100 mV

EMF / [mV]

72s.

] /

T T T T T
0 100 200 300 400 500
Time /[s.]

Fig. 5. Stabilization time of SCE in mercury ion solution.

EMF/[mV]

20 mV

25.15 mL
T T T T T T T T 1
-10 0 10 20 30 40 50 60 70 80

Vol. of 0.01 M EDTA / [mL]

Fig. 6. Potentiometric titration curve 25.0 mL of 0.01 M
Hg(NO,), solution with 0.01M EDTA solution
using proposed sensor as an indicator electrode.
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& A9A ionophoreZ 1,2-bis(V,N" -benzylthio-
ureido)benzene (2-BTB)S s om o]= o]&s)
of ZhaAok ALY A7l 2SS WSt TIEA
T o] g 7He §AS AFsiith AxE A
= FoA 72 o]2e digt 7P 5 S e
719} 7H8 E4S UEplE =4 —8— 2BTB : PVC : o-
NPOE : KTpCIPB] ‘ﬂ%ol : 165 : 305 : 2.0

o]9L W 7FF 53 78 7137]9} 7S HoE 1)
Effilon 78 Hele 10><1020~1 0x100 Me]
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A= 61

o

2 HolAWF YmA] o] LB E HlwH e WS
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