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Study of a New Selective Silver Electrode Based on
2,3-Butanedione-thiosemicarbazid as a Neutral Carrier

ZHANG, Li-Na CHALI, Ya-Qin YUAN, Ruo* LI, Yan YE, Guang-Rong

(College of Chemistry and Chemical Engineering, Southwest University and Key Laboratory of Eco-Environments in Three
Gorges Region, Ministry of Education, Chongqing 400715)

Abstract A polyvinyl chloride (PVC) electrode based on 2,3-butanedione-thiosemicarbazid had been ex-
plored as a membrane carrier with good selectivity toward silver ion. The line range of the electrode which
displays linear response with a near Nernstian is 3.0X 10 °~1.0X 102 mol/L for silver ions and the slope
is 52.6 mV/decade with a detection limit 1.0 X 10 ® mol/L in pH 3.0 at 20 “C. The electrode exhibited good
selectivity toward silver ion with respect to the familiar cations. The response mechanism was discussed in
view of the AC impedance technique. The electrode can be applied to the recovery of determination with
satisfactory results.
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Scheme 1 Structure of 2,3-butanedione-thiosemicarbazid

MP230 pH t(Fii 1 Mettler Toledo 2 )); PHS-3C %!
R FEvH( B R P AR ) IM6e Y AZ 3t BTl 2
45 (18 [ Zahner Elektrik 2], D-6450 %Y).

2,31 A 4 R G IR 2 WL SR [20] 7 VLA k.
B9 50 AR LA A FE T (o-NPOE) 4 SCHR[21] & B, Hi4y
WA B HTal, KA IR EEFIKE KMnO, 4k
P 25T

Yk O P4 PVC B B s sl AR FLA
R HBE: Ag, AgCl Il KNO;s (0.1 mol/L) | PVC

JEE | R || KCI(HAT), He,Cly, Hg.

X T PVC AR, E w= b10.05921ga,, , bl —
A5 PVC EIGPER. NS LU BRI N 2 L B A 2 1)
R

2 FEREHE

2.1 BRI ARt RERY R0

8 I 2% 5 MBS AR T s s M, X PVC iR
HL AR P e Pk RE AT EE 22 520, /2] NaOH-HNO; 15
1) pH=3.0 M, M T LA 2,3- 7 i X4 2 5L
JIRAE A, 430 LA AR S 2R 3 -2 55 ik (o-NPOE), 46
K HR IEEBE(DOP), %& R — IF S R(DOS)S5EA
()40 ST A S S 70, DY SR A 10 55— I ) AR A ] H ARk
Ag IR LB i N P RE (R 1), R 1 Rl LLE H B
o-NPOE fESMIFI, Hblon, Ag I H: St Y RE IR
WiV, 11 LA DOP, DOS Ay 34 5851 HAR 6T Ag i v 5 %
XL 2 I A A RTINS, 38 A P RS B0OR IR 386 8 57 ]
DA A 5 A0 PR PR e 12 1 .
22 HAEEFT BRI

PR FAD PR 0] S P BB ANAN 5 R FH P38 0 790 ) 2 o
K, i B R b Bk A G, RS I
T UL o-NPOE fES8 5351, VUZRIIENTE &7 ns, ke
P 2,3- T AR R B AN R I AR Ag T
RN PEREGE 2). 1% 2 ATBAEH, SERP I 2,3-
TR G SRR AN ) () AR AR LG, TR A
i N 5.8%IN, HAR LA FHALL 1 AR i 1 E R

R HEIEFNAS AR AU ) FLASL ) B

Table 1 Response characteristics of electrodes utilizing various solvent mediators

No. Solvent mediator Dielectric constant Working concentration range/(mol-Lfl) Slope/(mV-decadefl) Detection limit/(moleL ")

1 0-NPOE =24 3.0X10°%~1.0x1072 52.6 1.0X10°¢
2 DOP 5.3 1.OX 10 4~1.0X 102 25.3 4.0X107°
3 DOS ~5.8 2.6X104~2.9%X102 19.0 1.5x107*

¢ R o AR © PVC L SR L DUORIAN=5.8 1 27.9 1 65.4 1 0.9 (w : w).

2 BT RN RO AL N e

Table 2 Response characteristics of electrodes employing various contents of neutral carrier

No. w(neutral carrier)/% Working concentration range/(molsL ")  Slope/(mVedecade ') Detection limit/(molsL ")
1 5.8 3.0X1076~1.0x1072 52.6 1.0X10°°
2 7.2 1.0X107°~1.0X107" 49.5 8.6X10°°
3 5.3 1.0X107°~2.9X1072 45.0 8.9X10°°
4 6.4 1.0X10°~1.0X102 37.4 73X10°
5 4.4 1.0X10°~1.0X102 38.9 59X10°
6 4.0 1.0X10°~1.0X102 35.3 48X10°°
7 6.9 1.0X10°~1.0x10"° 48.6 23X10°°
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Figure 1 Effects of pH on potentiometric response characteris-

tics of the PVC electrode based on 2,3-butanedione-thiosemi-
carbazid
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Table 3 Selectivity coefficient Ig K}f‘z&‘j,ﬁ of electrode based

on 2,3-butanedione-thiosemicarbazid

Ton/j Ig KX?*, i Ton/j lg KK(;, i
Lit —3.57 NiZ* —3.17
NH; —3.27 cu* —3.18
K* —3.35 Zn** —3.07
Mg? —2.97 cd* —2.85
Ca* —2.93 Pb** —3.17
Ba>* —3.11 A" —3.26
Mn?* —2.87 crt —3.08
Co** —2.93 La’* —3.01

W74 1.09 mV (n=40). HLE 1.0X 10 21 1.0X10°°
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Figure 2 The potential responses of the PVC electrodes based
on 2,3-butanedione-thiosemicarbazid toward various cations
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Table 4 Comparison of the potentiometric response characteristics of the electrode based on 2,3-butanedione-thiosemicarbazid with

those of the other silver ion-selective electrodes

Nernstian slope/ Linearity range/

Detection limit/

lg K% .

Electrode 5 4 5 Response time/s A
(mVedecade ') (moleL ) (moleL ") Pb* K Cu®
This work 52.6 3.0X10 °~1.0X102 1.0x107° 5~10 —3.17 —335 —3.18
[14] 58.3 1.0X107*~1.0x 10" — several —3.50 —3.80 —
[15]° 55.4 5.0X10°~5.0x10"! 1.0X107° <30 —180 — —1.24

¢ SCRR(141FT SR IR A R AglAgCl0.1 mol/L AgNOs|PVC I |1 mol/L CH;CO,Li|j3 mol/L KCI|AgCl|Ag. * SCHR[15]FT R IRk R: Ag-
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Figure 3 Impedance plots of PVC membrane doped with

2,3-butanedione-thiosemicarbazid carrier in the solutions con-
taining different concentration of AgNO;
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Table 5 Recovery of determination of silver ion

No. Added/(mmolL™")  Found/(mmolsL™")  Recovery/%
1 1.50 2.46 97.3
2 2.00 2.95 98.0
3 2.50 3.52 101
4 3.00 4.08 103
5 3.50 4.47 99.1
6 4.00 5.14 104
3 it
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