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This research study was focused on development of novel
potentiometric sensor for the determination of thallium (III) ions in
water solutions. Ion-selective electrodes based on screen-printed
graphite electrode and carbon rod electrode described and modified
solid-state screen-printed and carbon rod electrodes with thallium
(IID)-imprinted polymer as ionopher. The ion-selective electrode was
prepared by dispersing the thallium (III)-imprinted polymer particles
in 2-nitrophenyloctylether as a plasticizer and then embedding them
in a polyvinylchloride polymeric matrix. The Tl (Ill)-ion selective
electrode showed a Nernstian response for thallium (III) ions over the
dynamic concentration range of 0.49 to 20.5 uM, with a slope of 19.6
mV per decade. One of the significant points was the selectivity
coefficient of the prepared ion-selective electrode. The selectivity of
this electrode for other ions was less than 1.1x 10-3 and this indicates
the selectivity of the electrode to thallium (III) ions and other ions was
less disturbing.
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EXTENDED ABSTRACT

Introduction

Thallium damages testicular tissue, liver, peripheral nerves, kidney and intestines, cause
hair loss and even cancer in humans. Thallium is present in nature as TI (I) and TI (I1I) ions
and each Thallium oxidation state has its own bioavailability and toxicity property.
Generally, the concentration of Thallium in aqueous solutions is very low, so the analytical
methods are required to determine it in the environment. Various techniques have been
introduced for the measurement of T1 (I) and T1 (III) such as optical chemical sensors, single
drop microextraction, solid-phase extraction, and hydride generation. This research study
was focused on the development of novel potentiometric sensor for the determination of
thallium (III) ions in water solutions. lon-selective electrodes based on screen-printed
graphite electrode and carbon rod electrode were described and solid-state screen-printed
and carbon rod electrodes with thallium (III)-imprinted polymer were modified as
ionopher. The ion-selective electrode was prepared by dispersing the thallium (III)-
imprinted polymer particles in 2-nitrophenyloctylether as a plasticizer and then embedding
them in a polyvinylchloride polymeric matrix.

Experimental

Reagents

O-NPOE, dioctylphthalate (DOP), dibutylphthalate (DBP), sodium tetraphenyl borate
(NaTPB) and PVC powder were obtained from Aldrich (Milwauke, USA) and triethylamine
was obtained from Merck. In a previous studyby the authors, the Thallium (I)-imprinted
polymer particles was synthesized and the ingredients of the T (I1II)-imprinted polymer
reported. These particles were applied as a sorbent for T1 (I1I) ions and used in this research.
Deionized water was used throughout the experiment.

Apparatus
Potential measurements were made with a potentiometer model pH M-632 (Metrohm,
Swiss) with an accuracy of +0.01mV and an Ag/AgCl reference electrode.

Preparation of the ion imprinted polymer based electrodes

The thallium (III) ion imprinted polymer particles (IIP) were synthesized via single pot
method by dissolving of ternary complex of thallium with DCQ and VP in acetonitrile
(porogen) and then, copolymerizing thermally after the addition of MMA (monomer) and
EGDMA (crosslinking monomer) in the presence of 2,2-azobisisobutyronitrile (initiator)
according to the procedure described in our previous research. A graphite disk electrode
was fabricated from a graphite rod with a 4 mm diameter housed and glued onto a Teflon
holder. The exposed surface of the disk electrode was polished to a shiny finish with SiC
paper. The electrode was rinsed with deionised water and allowed to dry. The PVC
membrane electrodes were prepared by thoroughly mixing PVC, NPOE, NaTPB and
thallium (III) IIP particles (60-85um size) in proportions of 29, 52, 5 and 14% (w/w),
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respectively and dissolving in 2.5 ml of tetrahydrofuran (THF). The mixture was
homogenized in a sonicator, poured into a watch glass until a viscose mixture was obtained.
The polished surface of the graphite electrode was then dipped in this mixture and the
solvent was allowed completely to evaporate. Thereafter, a thin PVC film formed on the
graphite electrode surface.

Preparation of ion-selective electrode by SPE method

SPE electrodes are prepared in the laboratory on PVC plates in the form of 24 pieces. In
the preparation of electrodes, three inks types were included: silver ink for the electrical
connection of the electrode, carbon ink in a circular shape, and insulating ink to prevent the
solution from mixing with other parts of the electrodes.

Results and discussion
Electrode conditions
The electrode was conditioned in 9uM solution of thallium (III) ions for 24 hours, and
the pH was adjusted to 6. 5. All measurements were carried out at 252C with cell type:
Ag/AgCLKCl (satd.) | TI3+ sample solution | Ion selective electrode

59/2
E=K +Tlog Arp3+

Effect of electrode composition

The literature review showed that the sensitivity and selectivity of the ion selective
electrodes depend upon various features of the membrane such as the nature and amount
of the plasticizer and the ion recognizing material used [14-15]. Thus, different aspects of
electrode preparation using thallium (III) IIP particles were optimized and the results are
presented in Table 1.

Table 1. Composition of the TI3+-selective electrode.

IIP
PVC Plasticizer . NaTPB Slope (mV
Electrode (%) (%) particle (%) decade-1)
(%)
Blank electrode 29 (52)NPOE 14a 5 7.1
Carbon rod electrode 30 (55)NPOE 10 5 16.7
Carbon rod electrode 29 (52)NPOE 14 5 19.1
Screen-printed graphite electrode P 29 (52)NPOE 14 5 19.6
Carbon rod electrode 27 (49)NPOE 19 5 14.9
Carbon rod electrode 31 (55) NPOE 14 0 15.2
Carbon rod electrode 28 (50) NPOE 14 8 18.9
Carbon rod electrode 29 (52) DOP 14 5 8.2
Screen-printed graphite electrode 29 (52) DOP 14 5 9.1
Carbon rod electrode 29 (52)DBP 14 5 10.4
Screen-printed graphite electrode 29 (52)DBP 14 5 10.5

aNon-imprinted polymer (NIP)
b an optimized composition

573



Abolfazl Darroudi Construction of Modified Solid-state Screen-printed...

Conclusion

The ion-selective electrode was prepared by dispersing the thallium (III)-imprinted
polymer particles in 2-nitrophenyloctylether as a plasticizer and then embedded in a
polyvinylchloride polymeric matrix. The TI (III)-ion selective electrode showed a nernstian
response for thallium (III) ions over the dynamic concentration range of 0.49 to 20.5 uM,
with a slope of 19.6 mV per decade. One of the significant points was the selectivity
coefficient of the prepared ion-selective electrode. The selectivity of this electrode for other
ionswasless than 1.1x 10-3and this indicated the selectivity of the electrode to thallium (III)
ions and other ions was less disturbing.
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! lon-selective electrode (ISE)

2 Screen-printed electrode (SPE)
3 lon-imprinted polymer (1IP)

4 2-nitrophenyloctylether (NPOE)
5 polyvinylchloride (PVC)

YOVA-FFY 1 Sig ySU sLLS
YYAY-AYA5 : gle sLLS

@ () & | ©2022 the authors. Published by Technical and
Nt Vocational University, Tehran, Iran. This article is an
open-access article distributed under the terms and
conditions of the Creative Commons Attribution-
Noncommercial 4.0 International (CC BY-NC License)

(https://creativecommons.org/licenses/by-nc/4.0/)



https://creativecommons.org/licenses/by-nc/4.0/
https://portal.issn.org/resource/ISSN/2538-4430
https://portal.issn.org/resource/ISSN/2382-9796
https://karafan.tvu.ac.ir/
https://www.doi.org/10.48301/KSSA.2022.344787.2135
https://orcid.org/0000-0002-8571-5069

o) 5 65955 Juillgyl BYI-BAB (¥ 6,los ((1F+1) 18 131,15 oke anlilad

Aoddo

)| Q] OOF (o ‘5..> aS Cowl w)‘]aw 9 UL"J‘ 6‘)’ ASL;]Q} 9 e.).u}/—l C.;L,ls )| 9 ‘J..i..w u‘)ls )‘ p.Jl;
[\] QQ;LSA Jm.\..: MW U.CL’ U" WS)LA.AAAJ ))QLM ‘)’) ML‘SA):“M'“’ Mdlssoso

39 590 b a5 0 (6593 oMl acly  glioning iUl (gl S dnasgi i gul, 1AV ams bl 51 ' s K
W 5 WedSy dnwg 1) iSu opl Céi sl piY (655l «Sig pSUlg e my e A ) g Anuagl o)ls alol
b9> u}n‘ﬁ .]am B J-EMMA )5244 ué; )lf Lsauy oo b ol U.CL: (SRR (o> L;Lbf"“\“‘ 6‘;1 WJ‘P)Q
digei Lasms ;0 g o0 45 0y oaia¥T olge g 13e (SoilS caoe sla g jo e S pl 0 )5 asS o |,
I¥] 55 S0yl 1, Ul

S iy J 0 Sty 5 28T 15 Az g 3550 3 Slal )0 (gl el st S S sla s,
ol omizmen I¥] W ls loing e asias Cubl 5wl o bl 5 gy (o B sloperds g aiun
Lalii i izmed 5 silalz 6lp) D3l g b S (ladine; )3 Slgl8 05 5w Gl 5 )l e,
I5ge 5 Sy S byt 505 (b b alal )5 3T el 53 EVlis e gy I (e
oS Sglis ol b e Sy B ey alie JsSUge LB pory pos 45 el oan] o o] o] 00 oSaie
9 b S aey )3 SllS 0 )lS S 5 Js¥Vee B slayerd 505 o0 S ey j3 B Glgear J5Sge
Lf] & s 5lulos

los 5 ,L28) S Laul,d j0 )T 05 5 Seilse plSiociad YU (s i iu S s & e B slo ey
ol )50 (235 gt Sloygeios ) S Sy Olgear Wl oo (58 3k b s PH L sladaie 0 L YL
)30 o el 0l 00y 54 Jolai 9,0 35,1657 Jlan )5 50 (035 (32 0958l odle b pady (il 51055 18
(6] (2il)Sen 5 Sy maodlS sl (s stagmmiliy Shoy & 2 32 29550 5 G B (slayenly 5l ool
5 sl alon S L3155 1y Uyl g sl oS oo 99,50l angs [#] il Ko g olucons ilos S 8| idions
O S 5 lakte 0058 ool Sy B ey 4 55 dend Sl ST (s ¥ —¥= il 5 =l ol oShraS
A5 )5 65 50 oSheaS o3 ;S sy |, PVC il 5 baoaSa s elsil 5 pasilysl sl gy B posks [V
VT M s S5 5 55 s 29580 s Gl sl b ey Sty 5 i (oS gy
e sl g aanly o S LB ¢ QLIS slajls slacy 2l 5o Ul og T w8 Comles So g a0
35S AL il Ko g 5l yb 05 oo ol b s T 5 pguilygl (adeiss sly ygmds ol 5 003 oo HLas 595 5|
1y S i ol 09 iU o0 S At por S (2 ST Vb Sl 9 S B Slayey b n3S 0
53 gy 9958l 2guly loj 9wl oo YN M Ol panseis A oS s o lis x) o) M asls
sl b ols O eaiind Jolwe 10 wlisls g anseis gl 99,80l 5wl oo agli Ve u
S8yt 4085 (Sl (32 B (sl porly 51l s 03 IS4y ] Sl 155 sl (68 (5T g (5 gy
oeedlS ) o ] STl A] 085 aile (65655 (slavygr (ansnis 10 (5 yraldy g (6 fogumiliy (o sbg ) 4 conig Sl
ool s o3liciad [VF] ogum VO] uog, LVE] o VY] oo VY] LS V]

Il oS ) Ceond wioran o Vb (6 iyl 5 Comlas b ol amio (slasg xS s UL 5
G S 5 i Gl b Coge wWhpan LS g)ls sl Kus olml | wele amas (55906
ootig S g o Cao (b i ) (gl b K Lod ol ol ond ol e 4 slieisg S

! sensor
2 5,7-Dichloroquinoline-8-ol (DCQ)
3 4-Vinyl pyridine (VP)

INid



BYN-BAB o 6l (1F+1) 18 (o818 sole anbibad ol o gl axmiio ool gy Sl ci L

(ol amio oy Sl (Sl digyon o (Fome g (S SBLS Aomi 50 Slod S pobosy g aitli e
b5 ol o IV s 1,3 a0 50 a5 0l oo 009 S0 50 )15 5 51 (25l domibs sl S|
298 03 Oj90 Siluding Sty &S O g 9 WS o0 Sl ()5 €93 S ex Abmgas | )15 99Ul o
o) Ok gy Jemiliy atald 09 00l 4 Gl ce by, Cnl Sty je IS (o0 diged Jolme 0,y aditen
25 o)l ol (o 48 roiig e § (2lend G09 Slo S

| eb; LAA; u,ubﬁ‘ LE;MJL)" Lg)jo)bu‘ Lg‘)’ J.)A.)w; LgLQ)iM.} 9 LQ)}MU.M: CSle Cos 4 J)Lo.a °)3)‘°‘
(S Felly s tageaily slo K 4 (Dloarty 2SIl Gl (KSs 5 895 4 4295 b (ploontng Sl (sla S
oolail (6 yingunily S 5l Gudod pl )0 Wgd oo G (555 slo K § b K S (5 0 o]
5 ol 0yl 3 ploxl jshitad (6 ogmmly (glo S il 1 Lele e waild co 45 W68 lad el o
0 655 51 (gl 3 3 peamio 00 e ale Ky o (52 5 J5Xse 55 5l pel) Bud &5 (5 Syl
DA 35 5 o S (092 iy i35 el o wbly g JL090

il o e bl 4zl (1) ol 4y Yl (6 s S Sigp Byl b 35 ey 95,250 55 bl
Sl g, b (1) ol 6 So3lasl Koo sk 5 500 lasomacionn e 5 ol (sams yeie S (1) ol 1
L, el comizmad 5 35 ke 55Tl S 4 5 o il oo (glansdly ¢ oadl i cp55g iSpsl il S50
Coodl Y iy tiS 5 Ol b ool 09,8 )85 Gl s & 038 o 09,80l cobes (al il s S
b, angs e s o 5l eslinal o (D) wdb (g 1y S B youls s b oS o o (Jlaizgs
ol 00 ooy ()5 Ao 39 7SIl g (05 gl axiio 39S (29, 93 b (D) 0l &0 (035 (o2 99 2l

330,90 Slgo

iz 59 005555 S o 25,0 o s Sy b5 5ol yten 155 o S g
b (D) ol — o B oy o gy yoliT o 5518 55 51 1 JS's) iy o 5 SVld ST oo Tvls
sieds yosls ol 548 L anlllas ;5 jerly oo S5 (el g 0 gy olKitglel ) sregSeo Yo —F+ b
g es Ngyen S gl amio S el o a8 SlaceS sl [VAl cad sas U315 oad solanud Ll
o9 Sen 00 5l 5SS Sl b S o5 5 (smissist 0 0)8 g i shaie Sl (ogliSaslSn (g
el s ¥ kB Ll i 0,8 (g, S5, PVC )

Ciogshen ¥ =F ) 08 oo ooliid iz lag 5l o (52)8 sloabeo jl 09 xSl e los gl (505 abs
Slo g colyiSy JalS jgbay (oxbans b oo g0 Gialo oy o0lans B L 1y ()5 (slaale ()] (s3loolol (ol
o e LalBl b s oo 41,8 (O M) S i sl Joloee 10 el VY o a1 bl oo 00 57 JSCis
s ) B giges ploz 50 e Ol 9,0 8BS Ve Dae ) g gt Hhaie OT L 1) aale o5 g 2,15 ]
Wi S b e oo 418 U1 sloo 10 5 0 so giliinds 033690 Shate Gl L o)bgo |y aales

! lonopher

2 Tetrahydrofuran (THF)

3 Sodium tetraphenyl borate (NaTPB)
4 Dibutylphthalate (DBP)

5 Dioctylphthalate (DOP)

oy



o) 5 65955 Juillgyl BYI-BAB (¥ 6,los ((1F+1) 18 131,15 oke anlilad

30y90 Jilwg

ls e S8 50 5T e jagenily 5 2o PH -

5 o gy 42 09 Sl Aned

NaTPB; (NPOE) 0uisSe 5 « gy b youl 3 PVC ol 45 L onimo LKt (gl s a5 el
THF M o oo Y10 s 5 955 0 ke s oo Vo py &5 Sl B 5 OF ¢ VE YA (claiio s b o iy
& iy Sligime s 5 955 o0 8 4880 B D &y Dopold plom Sy o 0y g 5 0500 00538 O &
S e S5 o] 09 slml 59Ny bolire 4 5 035 o3 Pl b 09 oo Jiie Cel alend S 9
20,5 ST ()5 alee S8 59, S IpSh sl S U ogd oo 0y 98 byl (nl 5o e il ) gl )| b
Bgd 8 6K S S 50 e 99,55 o0 418 GBI sles jo el Vo Do 4y sadags 09 Sl

SPE gy & (235 (o2 99 5591 4

s 5l og xSl dgs )0 D9 oo dugd (5038 YT & j504 PVC Gilrio (54, p olfiule;l 0 SPE (slasg xSl
J sl Sl 45 Ble oz 5 slols US54 )5 g 0355 (S5 il sl 08 g ol o
S0l (gl a5 Sl alio ;5 Wasg S adgs oo 05 oo oolicsd 39 Ul K30 (slacaand b Jslono JLas]
031 sy B Ceondd 45 o5 L saims S5 (slip i angs sl IVV] ol sgmg oais (355 cpibinlgons
SPE 555250 1,8 gt (53 2 08 30 |l paigad b bslive Sy LS 51 o oS o0 st |y ol 0k
50 1y g S s 085 1505 ] Pl b s oo o0l J1F 561 slos jo celos Vo S 4 g 99 0 Jiiie
oS 50 (6l ol T il az 0 ¥ sles g S K

39 xS g 3lweolel
ol 1,5 (1 U e A MM Jalee 4o el Y Do a5 saiiags slaog xSUI cadsl Lg)‘l...uool.n—‘ &ly

NG PR

SLET-TP)
55750 5 eaangs 35750 5 S oo S s dden Vo e 510 1, (D) o6 Jolons 1 s 1+
o s piee w8 |y Joloee omabliin (3p dligts G meas o0 )13 O JSI0 1) )l5 0,8 1 0,8 a2 e
s iy, B3 6550l obuol 555 oo iilss rogmailsy Jags mailiy G o Jobes o & (yoipes,y
Al ge (V) aaly 3l slorisg 2SI
Ag/AgCl; KCI (satd.) || TI** sample solution | Ton selective electrode m

A o0 $95m (V) alaly 51 51 glos o (M) @b (g collad @ Junily BLS )|

59/2
E=K+

log ap;3+ ™)

! sampler

OYA



AYV-BAB ¥ oylas (1F+1) 14 (031,15 cole aoliliad ol o gl axmiio ool gy Sl ci L

.>5).’.‘SJ| ol d‘)'? Ja;b.m S ylwadas

oS5 g Lad oaile izl 4 u3F e sleog xSUl o SS90 (g 4 09, (s iy S g Sl
5 oy i glil el g ol oaums LS5 liml doy oS 5 g £ Jdo med w0l (S o] doys
w‘ IR (S’L’))‘

suliSp iyl

aals (658 b g oo il alanly sla Pl wigd oo Lid ;5 g &5 1> (s5lagly, el hoaisSTa 5
BB oo Sguge |y 09 1Sl caning pSUl ples g aiaS oo L) slale

&l a5 oas oolatul sl ST Jud 500 g DY JSg (60 «WLE ST 60 0diiSp i a5l oy ol o
YF) 0aisSp 5 dus opl SO S (60 ol 4 dzgi b el 0300 55 onaline alin feslh DBP g DOP ouiiSs 5 50
50 00iiSp 5 90 b awslie ;o NPOE S Sl g0 ol DBP (€= #/FY ) s DOP(E = 0/14) « NPOE (€=
5 s A oo wshlan 39 21U Lo gl YU o S g5 ol b ooy 5l eslil cul by sl oo YU
NPOE Cglhae 155 5 (ousy Iy 99550 o il jo 1, bnoasS o5 5o iU (s ol b [Ye] il IS
i e g 00 ooliwl 39,350 el (sl NPOE ouiiSa 5 5l Juds e 4 ilos S 0ol o9 S0l ey
ol 0] sty 2o )3 OF () o5 (gl o pats s & 4> L Lz ;0 NPOE

(D) ol — S99 B oy O3 Hladio

e o 5o o 3l e Ly 01 95,580 SLIS 5 (oulS (25 dLié o g B jory @3 ke
e a5 500 s doyd + VA sk O3 e 0yl 5E 095U 5 el b (D) ol g o SLeoS
s B ol S5 agy e el oot agd 0,5 wals el b a5 il e 0ol 39 2SI s duoys Sho
05 op SaS oS5 (6l (504 (sla S alS el digy e 5| paS polie .l odel Cawdds oy ) F
S oy D3 ol SIS, 8 s 4 a5l 5oky polie 13 9 3 S (oed ol Cgthas el e
SaNGRS o Slr 5 90lE e 5105 o0 39 xS0y i glladk el g oo iy PVC il
ol 00 30 ) Jgaz 58 oy s a5 994 o ang 99,58l pardy

7% Swi g PVC i
2lag e T e b il oo pyY Lae ol (gl g ol 39 S0l aums Sis (sly>! o lagSs S PVC
e 1555 s iile 55 T slocSias (10933l sl 0ol Cawsddy duoyd YA Al (50 45 0l gy 99 58Ul el
Sy Caglie alS rizman 5 L 4 langsl (b o055l sl b (owl canlie als el g
Las oo LSis sl oo MS);,;L el ods 00, Sy ao,0 0 Lag ;o NATPB Slas (f5ae 00 5 o0 Lie
(bl dials gy (sl al 00l 03,51 V Jgozr 43 ool agd 89,5l > aels g gl IS gione ol g
LV/OVAD UMy (as diols 0gi so (6 S o3luil 10 sga PHs 5 ags < /F-YFUM adls o ol Jolxe
YO UM G as asals ol amio b og mSUl (gl 0ad co camline S abie b og iSUl gl VAIYMV o
el 098l (o9 (BB A 4z g b 30,5 0 oaaline Jga 5 &S jeblen il e VUPMV it L +/¥A
T Gl oo o bl (ol axio 0g mSITLNYPMY 5 o S alo 09 xSINV AN MV) s s o 55 (D

el o] Cewsas NaTPB 4 ol )3 NPOE PVC (gl i 0 9V F Y

ova



oo g (6990 Jadlgl OVN-OBAL ¥ o)lols ((1F+1) 1] (81,5 oode aolilad

09 PSIN 0uidd S 6132l wo 30 S oy 2 ) Jgox

39,51 PVCuasys 7P Rt LY O
0lSS b ol)d NaTPB
aals 55 2SI vq oY) NPOE af 0 Y/
oS e 39 Sl Y 6) NPOE Ve 0 VIV
oS ale 39 Sl vq oY) NPOE VF 0 Va/)
ol o 59 2SIP ¥4 oY) NPOE \F ) Va/s
)5 ale 59 2SI YV (f4) NPOE 4 0 VF/A
oS e 39 Sl ¥ 6) NPOE i . VoY
oS e 59 Sl YA ©+)NPOE VF A VAR
S alee 59 Sl vq oY) DOP V¥ 0 NIY
ol Ao 39 2SI vq oY) DOP V¥ 0 a/\
S alee 59 Sl vq oY) DBP V¥ 0 \er¥
ol Ao 39 2SI vq oY) DBP VE 0 Ve /0
faals jocks o5 Lo V¥
Posdiasgy 95,550 00100 LS5 (gli2l woyd oS5
PH sl

D) ol oS s e Pl & 255 b atlge Jsbmo PH 032501 sl 5 S5 o ol 1 5
Gole 15 54 S 5l solis] Cadgame el dpnSy it i g0ty (1) 6l (ya1 3k cond § dnSg e
5 @l el 00l (6 Soul Y21 ¢ o PH 5 5 as A M Jolome oS3 PH b oy 0 sl )l 5529 VL
O PH o sl oo 2ol 31 PH 2al81 b 09 2SIl el 00 5 o oanlie a5 jsbolas .l ol ools i V S
1S il 30 (I 06 gy S5 s 2 39 (slapH 5 5 sl e b il VIO b 01D
S5 el 0030 5 0 ulais el 1 (55 Jawgs PH g 00 oolil #10 PH 5l som sla idgs 51y onlplo ool oo
S o S sl 9S00 (1) 0l g SPH ety 52 odle (ol Lol

OA-



BYN-BAB o 6l (1F+1) 18 (o818 sole anbibad ol o gl axmiio ool gy Sl ci L
530
520

510

E(mV)
8
o

480
470

460

pH

(55 Ao 39 SN (p3gwly PH T ) IS

39 Sl el (55209185 (o) 2

1,3 NPOE (PVC glys o as 0 9 VF Y ¥R (sl o0 b 09 Sl s g iSUl (6 330,155 sy 81
Y PH jo /F-YE UM dale aials (o s Gl 00l dgs ol aio g 0,5 als (g9, » NATPB 4 oy
VAR Y o I¥ MV ey oS alie s gl VOV U0 UM s aiels ;5 g 280 s o s o) FI0E
MV a5 Ol —amio g Gy ooy mSUl cols ol o aopd /A 51y RSD ss s yl5ae 5 YAID 5
S5 31 00U 45 355 o e gl 51l o 0oy VIAD 4l RSD s fime 5 VU/E 5 VU5 Y +/)
Lol )55 1 (297

09 5l (Boguwly (o

s Sl ey ol Jolw cdle a4 2 AMV L il o 0l aid § Jla o ol 0 STl ooieuly o)
95 2 VY HM & 0 UM I gz jo 1y (eogly oy 5 4td VTUM 5 0 UM laclale b Joloxo 93 Jole o
Al go 4l Ve 0958 paogunly oy .l ol ools Lad ¥ S 50 s g 08, (o) (oS dleo s

oM



o) 5 65955 Juillgyl BYI-BAB (¥ 6,los ((1F+1) 18 131,15 oke anlilad

525
520
5
E
w
515
510
[} 5 10 15 20 25 30 35 40
Time (S)

A UM & 8 UM 5l gz 53 99 il (23wl loj ¥ S5

o 3o anlllao 9 (g p2dy ool
6925 5 A o (Malliy apolosilaS oy cpaiz b Gl oo 1) 09 5SUl (6 gty (6 pdg il o po
o be Jglte (hgy dus 0,8 (g sl 03 5 dogi (Shgsh)
'silelaz Jle 29, )
Tbglsa Jslowe (g, <Y
Toads o Jouily By, pgs g9 5l Al e 39, Y
oS Zul (925 9y S gy (ol sl 00,5 dog Sl a5 el iy (g, SO bz Jemily bs,
gl sed 485 s gy (nl 50 3 )b awd ge Casds gl Jolome Ll Co by I (o Sl
0% 3 e 9 mS o0 S 50 15 (AD) a2y Jsbme (lsie 4 Jlaisjse (g 5l et clale g, onl 5o
() al>50) 055 g0 (6 So3lail 1) iy, Gl ool (o 5 eli¥lse ol & (A) paseiie il b s 50
Olredr 5 Cud asiine Gl e oS 13590 (o Jobone 4 1) paseie Sl b (B) o250 (r Sl ialesl
4y ) Al pe Jewsly 5wl Rl T Jesily b el oo oo 00l a8 S a5 50 (A) g ye Jslme
Y Al ye) 055 i (talol 99 o Jemily (5 ke
o oy (V) byl 510 Sl (6 ol (5 s el oy po

Aag,-A
KPOtT13+/Mn+ =21 )

aymn+

! Separate Solution Method
2 Mixed Solution Method
8 Matched Potential Method

OAY



BYN-BAB o 6l (1F+1) 18 (o818 sole anbibad ol o gl axmiio ool gy Sl ci L

Lo Jolre iy S V0 Camg Son Lawg onliangd (O UM g o Jslone (6 pdy il o 0 s 2
) Al 50) 558 oo (5,5 03l aanilty g oloul (M) Joloro <SG b 5945 o 009381 (+/+ Y M)

M) cale b olie (o (0,8 & 0)k) Coys S b (Sl QUMD g2 50 Joloms @ 9o tales] o
00,8 oVl ye aloj] Jomilly b Jously (2al381 Gliee g ol Gl Joily B 05 0 L] (412
it w10 slogs @l calr (il 5 99300 dnlre (7) Al 5l eslital b (30 lil o (Y al>10)
aslllaos g0 soye plod (sl 00,5 oo oualine ¥ Jouz 10 a5 jsblen ol oals ool Lid ¥ Jgam jo
wlb st 5ol (sl (1) b ol o o (sladisad ;o Lo (ol 5 S o0 oamlie | (gsllao (5 pdgnlil
S e ol | el se (1D

09 S (6 o gumiliy (6 g Ayl o g (w2 ¥ oo

Mn KPotrim
*Na Yox\e "
K VA x) T
*Cu? VY <y - F
*Ca? Y <) F
“Mg? YIS )0
+Fe3 Y ) F
I YIY <) T

a5 o )8
L5|).3 .)9).'251‘ @»b ‘Q.J J9l>u 5 dih p,Jb LS)*"B*“‘-’L“ W 61,50)“..\3‘ 6‘).‘ 03)215\” oolazwl gy Ls‘;;
or Slr oalply wilbge 39 28U Gantas >l Sl eadosalie Joaily &5 0B (o) n Sede 00 O
ol 53 (D) 06 (5 5 05 009381 s Ol ay 99 28U Gely as- aiels o (1) 06 (0 5ylake 2l Ol
sl 00 Al S0y D+ 5 AVIY g, b5k (F Jgaz) sdeliansds jlade 4 axg o (5 505l b gl

e S 30 (D) 06 (90 (55l (30 Gl3we gy ¥ S
digod (UM) ou 05933 rg.dl.a (HM) ou 00938 pd ‘s.:lg‘)b KW

e - S 9> > -
Jora 4+ NA vy
Jora Vel WY a0/

8 5 4o
il 3 s o8 o b 55 oy st et (1) ol (s i B sl Sl 50
ly il sz  Uslme 5 09800 ool SLulid 09580 550 50 (liee —plogee el o & L2l
() 06 -CJB pody 1,3 PVC Lol oS 5 (it ool 00y oolii] calises (sl 5l 09 28Ul Lie -l
aS aib oo ol dio g o)S Ao Sy 90 (55, 2 0 9 OY AF VA lous o b o 54 NaTPB 4 NPOE
09 Sl sl 00y oolawl walls 0g 2SI G 5l 09 58l (6 33 SBESl gy (6T 0l ) Cd jady o o e

OAY



OlSen 9 (5590 Juaddlyl OVN-OBAL ¥ o)lols ((1F+1) 1] (81,5 oode aolilad

O 4 ol 09 xSl aas oo lid gulis .ol said slogl B jardy ol yo a8 il o dalss jaudy )3 (6l s sl
& S B ek bog 2SI 6 pdh ol 4 Gl o0 097U (nl 4 b bl 35 Cen et Gl (1) o6
09 Sl (5 iy Bl gy azgi BB UG 5lail o +1FA-Y IO UMy oS aiels 1o ygunsl S o 0
oaia085 (nl g Al g 71T VY e T3l S0 (slaig (sl 090 ol (6 iyl gy bl oo oty
)3 (5 7S Suazlie Koo lagg 9 2sbio (D) 0l g0 40 392U 6 pdy 28

GrSoill baysy plu jeas o b sladiges o |y () (b o5 sloclale ol ;0B sadiays 59 Sl
6395 e b gycnl 5l axdli o o3l 5 31 Sl 5 95 (598 5Tl & LS 1S G sy pSI S
Lol Coonll

References

[1] Chamsaz, M., Hossein Poor Zaryabi, M., Arbab Zavar, M. H., & Darroudi, A. (2014).
Dispersive Liquid-Liquid microextraction based on solidification of floating organic
drop combined with flame atomic absorption spectrometry for preconcentration and
determination of Thallium (lII) in water samples. Iranian Journal of Chemistry and
Chemical Engineering 33(1), 59-66. https://doi.org/10.30492/ijcce.2014.7196

[2] Sala, A., Brisset, H., Margaillan, A., Mullot, J-U., & Branger, C. (2022). Electrochemical
sensors modified with ion-imprinted polymers for metal ion detection. TrAC Trends
in Analytical Chemistry, 148, 116536. https://doi.org/10.1016/j.trac.2022.116536

[3] Darroudi, A., Chamsaz, M., Arbab Zavar, M. H., & Zakeri Mofrad, 1. (2020). Application
of lon - Imprinted Polymer Synthesized as New Sorbent for Preconcentration and
Separation of Thallium (1) and Its Determination by Electrothermal Atomic Absorption
Spectroscopy. Iranian Journal of Chemistry and Chemical Engineering, 39(1), 59-66.
https://doi.org/10.30492/ijcce.2020.35973

[4] Jakavula, S., Biata, N. R., Dimpe, K. M., Pakade, V. E., & Nomngongo, P. N. (2022). A
Critical Review on the Synthesis and Application of lon-Imprinted Polymers for
Selective Preconcentration, Speciation, Removal and Determination of Trace and
Essential Metals from Different Matrices. Critical Reviews in Analytical Chemistry,
52(2), 314-326. https://doi.org/10.1080/10408347.2020.1798210

[5] Rezvani lvari, S. A., Darroudi, A., Arbab Zavar, M. H., Zohuri, G., & Ashraf, N. (2017).
lon imprinted polymer based potentiometric sensor for the trace determination of
Cadmium (I1) ions. Arabian Journal of Chemistry, 10, S864-S869. https://doi.org/1
0.1016/j.arabjc.2012.12.021

[6] Hojatpanah, M. R., Khanmohammadi, A., Khoshsafar, H., Hajian, A., & Bagheri, H. (2022).
Construction and application of a novel electrochemical sensor for trace determination
of uranium based on ion-imprinted polymers modified glassy carbon electrode.
Chemosphere, 292, 133435. https://doi.org/10.1016/j.chemosphere.2021. 133435

[7] Metilda, P., Prasad, K., Kala, R., Gladis, J. M., Rao, T. P., & Naidu, G. R. K. (2007). lon
imprinted polymer based sensor for monitoring toxic uranium in environmental samples.
Analytica Chimica Acta, 582(1), 147-153. https://doi.org/10.1016/j.aca.20 06.08.052

[8] Prasad, K., Kala, R., Prasada Rao, T., & Naidu, G. R. K. (2006). lon imprinted polymer
based ion-selective electrode for the trace determination of dysprosium(ll) ions.
Analytica Chimica Acta, 566(1), 69-74. https://doi.org/10.1016/j.aca.2006.02.064

[9] Shamsipur, M., Hashemi, B., Dehdashtian, S., Mohammadi, M., Gholivand, M. B., Garau,
A., & Lippolis, V. (2014). Silver ion imprinted polymer nanobeads based on a aza-
thioether crown containing a 1,10-phenanthroline subunit for solid phase extraction

OAY


https://doi.org/10.30492/ijcce.2014.7196
https://doi.org/10.1016/j.trac.2022.116536
https://doi.org/10.30492/ijcce.2020.35973
https://doi.org/10.1080/10408347.2020.1798210
https://doi.org/10.1016/j.arabjc.2012.12.021
https://doi.org/10.1016/j.arabjc.2012.12.021
https://doi.org/10.1016/j.chemosphere.2021.133435
https://doi.org/10.1016/j.aca.2006.08.052
https://doi.org/10.1016/j.aca.2006.02.064

AYV-BAB ¥ oylas (1F+1) 14 (031,15 cole aoliliad ol o gl axmiio ool gy Sl ci L

and for voltammetric and potentiometric silver sensors. Analytica Chimica Acta,
852(11), 223-235. https://doi.org/10.1016/j.aca.2014.09.028

[10] Alizadeh, T., Rashedi, M., Hanifehpour, Y., & Joo, S. W. (2015). Improvement of durability
and analytical characteristics of arsenic-imprinted polymer-based PVC membrane
electrode via surface modification of nano-sized imprinted polymer particles: part
2. Electrochimica Acta, 178, 877-885. https://doi.org/10.1016/j.electacta.2015.08.045

[11] Dahaghin, Z., Kilmartin, P. A., & Mousavi, H. Z. (2018). Determination of cadmium(II)
using a glassy carbon electrode modified with a Cd-ion imprinted polymer. Journal
of Electroanalytical Chemistry, 810, 185-190. https://doi.org/10.1016/j.jelechem.20
18.01.014

[12] Manrique-Rodriguez, N. A., Di Masi, S., & Malitesta, C. (2022). Development of
Electrochemical Sensors Based on Electrosynthesized Imprinted Polymers for
Cobalt (Co2+) lon Determination in Water. Engineering Proceedings, 16(1), 15. htt
ps://doi.org/10.3390/IECB2022-12281

[13] Prasad, B. B., & Jauhari, D. (2015). Double-ion imprinted polymer @magnetic nanoparticles
modified screen printed carbon electrode for simultaneous analysis of cerium and gadolinium
ions. Analytica Chimica Acta, 875, 83-91. https://doi.org/10.1016/j.aca.2015.02.009

[14] Ashkenani, H., & Taher, M. A. (2012). Selective voltammetric determination of Cu(ll)
based on multiwalled carbon nanotube and nano-porous Cu-ion imprinted polymer.
Journal of Electroanalytical Chemistry, 683, 80-87. https://doi.org/10.1016/j.jelech
em.2012.08.010

[15] Bai, H., Xiong, C., Wang, C., Liu, P., Dong, S., & Cao, Q. (2018). Electrochemical sensor
based on Rh (1I1) ion-imprinted polymer as a new modifying agent for rhodium
determination. Journal of Nanoscience and Nanotechnology, 18(5), 3577-3584. https://d
0i.0rg/10.1166/jnn.2018.14667

[16] Ghanei-Motlagh, M., Taher, M. A., Heydari, A., Ghanei-Motlagh, R., & Gupta, V. K. (2016).
A novel voltammetric sensor for sensitive detection of mercury(ll) ions using glassy
carbon electrode modified with graphene-based ion imprinted polymer. Materials Science
and Engineering: C, 63, 367-375. https://doi.org/10.1016/].msec.2016.03.005

[17] Darroudi, A., Nazari, S., Marashi, S. A., & Abad, M. K. N. (2022). Determination of simvastatin
by voltammetry method at screen-printed electrode modified by graphene oxide nanosheets
and sodium dodecyl sulfate. Journal of The Electrochemical Society, 169(2), 026501.
https://doi.org/10.1149/1945-7111/ac4bld

[18] Zdrachek, E., & Bakker, E. (2019). Potentiometric Sensing. Analytical Chemistry, 91(1),
2-26. https://doi.org/10.1021/acs.analchem.8b04681

[19] Arbab-Zavar, M., Chamsaz, M., Zohuri, G., & Darroudi, A. (2011). Synthesis and
characterization of nano-pore thallium (1) ion-imprinted polymer as a new sorbent
for separation and preconcentration of thallium. Journal of Hazardous Materials,
185(1), 38-43. https://doi.org/10.1016/j.jhazmat.2010.08.093

[20] Shamsipur, M., Yousefi, M., & Ganjali, M. R. (2000). PVC-Based 1,3,5-Trithiane Sensor for
Cerium(l11) lons. Analytical Chemistry, 72(11), 2391-2394. https://doi.org/10.1021/ac9
91155w

OAD


https://doi.org/10.1016/j.aca.2014.09.028
https://doi.org/10.1016/j.electacta.2015.08.045
https://doi.org/10.1016/j.jelechem.2018.01.014
https://doi.org/10.1016/j.jelechem.2018.01.014
https://doi.org/10.3390/IECB2022-12281
https://doi.org/10.3390/IECB2022-12281
https://doi.org/10.1016/j.aca.2015.02.009
https://doi.org/10.1016/j.jelechem.2012.08.010
https://doi.org/10.1016/j.jelechem.2012.08.010
https://doi.org/10.1166/jnn.2018.14667
https://doi.org/10.1166/jnn.2018.14667
https://doi.org/10.1016/j.msec.2016.03.005
https://doi.org/10.1149/1945-7111/ac4b1d
https://doi.org/10.1021/acs.analchem.8b04681
https://doi.org/10.1016/j.jhazmat.2010.08.093
https://doi.org/10.1021/ac991155w
https://doi.org/10.1021/ac991155w

